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1. Executive summary

Marvelmind Indoor Navigation System is an off-the-shelf indoor navigation system,
designed to provide precise (+2cm) location data to autonomous robots, vehicles
(AGV), and copters. It can also be used to track moving objects via mobile beacons
attached to them. Other applications include, for example, forklifts, virtual reality (VR)
systems, helmets for construction workers or miners, etc.

The navigation system consists of a network of stationary ultrasonic beacons
interconnected via radio interface in a license-free band, one or more mobile
beacons installed on objects to be tracked and modem providing gateway to the
system from PC or other computers.

Mobile beacon’s location is calculated based on a propagation delay of an ultrasonic
pulses (Time-Of-Flight or TOF) between stationary and mobile beacons using
trilateration algorithm.

The system can build the map of stationary beacons automatically (For Non-Inverse
Architecture). In simple cases, no additional manual data input or any manual
distance measurements are required. This map formed once can be frozen and
stored in modem’s memory and the system becomes fully active within 7 to 10
seconds after the modem is powered.

Fig. 1: Example of starter set based on Super-beacons

Minimum configuration requirements (Non-Inverse Architecture) to ensure optimal
performance of the Marvelmind Indoor Navigation System:

- For 3D (X, Y, Z) tracking: an unobstructed line of sight (hearing) between
a mobile beacon and 3 or more stationary beacons within 30 meters

- For 2D (X, Y) tracking - an unobstructed line of sight (hearing) between a
mobile beacon and 2 or more stationary beacons within 30 meters

c{mMarvelmlnd
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Key capabilities:

Parameter Technical Specifications

Distance between
beacons

- Reaches up to 50 meters in lab conditions (Mini-RX or Super-Beacon to HW v4.9 with RX4
only)

- Recommended distance is 30 meters (Transducer4 on the first beacon is looking straight at
the Transducer4 on the second beacon, other transducers are switched off)

Coverage area

- Reaches up to 1000m? with the Starter Set configurations
-  Coverage for larger territories is provided using submap — like cells in cellular networks

Location precision

- Absolute: 1-3% of the distance to the beacons
- Differential precision: £2cm

Location update
rate

- 1/20Hz to 25Hz (Ultrasonic based only)
- 100Hz with ultrasonic + IMU fusion enabled
- Can be set manually via Dashboard software

- Depends on the distance between mobile and stationary beacons (shorter distance—
higher update rate)

-  Depends on the number of mobile beacons (Non-Inverse Architecture; for Inverse
Architecture no such dependency)

- Depends on the radio profile (500kbps vs. 38kbps)

-  Slightly depends on the number of stationary beacons—dependence is not the same as for
mobile beacons

Power supply

Internal: 2000mAh LiPo battery (HW v4.9)
-  Battery lifetime: from 2 days to several months depending on the mode of operations

*For other types of beacons look to the comparison table

External: micro USB — recommended for permanent use

Weight

Mobile beacon (HW v4.9) from the starter set:

- 59 grams (including 1000mAh battery, HW v4.9 housing and 50mm antenna)
- 27 grams (HW v4.9, bare board w/o battery)

*For other types of beacons look to the comparison table

Beacon size

Size: 55x55x33mm (with 50mm antenna: 55x55x65mm) (HW v4.9)

*For other types of beacons look to the comparison table

10
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https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf

1.1 Legend

Legend chapter contains small icons and signs to highlight some key points of the text.

Important
For experienced users

- Demo or Help video

e

Useful link

11
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2. Basics of the system

2.1 What's in the box

2.1.1 Starter Set Super-NIA-3D:

- 5 x Super-beacons
- 1 x Modem/Router

nd
tics

2.1.2 Mini-RX Starter Set:

- 4 X Mini-RX beacons
- 1 x Mobile beacon (HW v4.9) + IMU (aka “hedgehog”)
- 1 x Modem/Router

*This is just an example of two starter sets.
More options you can see on our site: Products

12
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https://marvelmind.com/product/starter-set-super-nia-3d/
https://marvelmind.com/product/dsp-starter-set-nia-v5-07/
https://marvelmind.com/products/

2.2

Indoor Navigation System architectures

Marvelmind Indoor Navigation System provides high-precision (+2cm) indoor
coordinates for autonomous robots and systems (“indoor GPS”). A brief description
of the key elements of the system is given on the scheme below.

IA and NIA SW differs
For 1A you should use stationary beacons with different frequencies

Below you can see 2 types of architectures: Non-Inverse (NIA) and Inverse (1A):

Non-Inverse Architecture

Beacon 1

5

Stationary beacons:

— Mounted on walls or ceilings
Measure distance to other beacons
using ultrasonic pulses (time-of-flight)

— Communicate with router wirelessly
in ISM band

Beacon 2

Key requirement for the system to work
well: unobstructed sight by a mobile
beacon of 2 or more stationary beacons
simultaneously (like in GPS)

Beacon 1 (19KHz)

Stationary beacons:

— Mounted on walls or ceilings

— Ininverse system beacons belonging to the
same submap should have different ultrasound
frequency

—  Communicate with router wirelessly in ISM

band

Beacon 2
(25KHz)

Key requirement for the system to work well:
unobstructed sight by a mobile beacon of 2 or
more stationary beacons simultaneously (like in
GPS)

13

f .
«*»
43

Mobile beacon:

Installed on robot and interacts with it

via UART or SPI or 12C or USB

— May contain IMU (accelerometer +

gyroscope + compass module)

— Streams out location update up to _

100Hz

Router/modem:

— Central controller of the system
— Calculates position of mobile beacon up to 45 Hz
USB/virtual

— Communicates via
Dashboard or robot

Advanced feature that allows building
independent maps/clusters of beacons in
separate rooms and thus covering large
buildings (with area of thousands of m2)
similar to cellular network coverage

Indoor Navigation System
consists of:

— 2 or more stationary beacons
— 1 or more mobile beacons

1 central router

~&

UART  with

Inverse Architecture

*

¢«

¥

Mobile beacon:

— Installed on robot and interacts with it via UART
Receives location update from router up to 45

times per second
— Contains IMU (accelerometer + gyroscope +
compass module)

Submaps:

Advanced feature that allows building independent
maps/clusters of beacons in separate rooms and
thus covering large buildings (with area of
thousands of m2) similar to cellular network
coverage

In Inverse Architecture every submap shouldn’t
have beacons with repeating ultrasound frequency
Available frequencies: 19, 25, 31, 45, 56 KHz

Indoor Navigation System
consists of:

— 2 or more stationary beacons
— 1or more DSP beacons

— 1central router

— Update rate doesn’t depends on the number of

mobile beacons unlike in Non-Inverse
Architecture

—  Distance from mobile beacon and stationary

should be £30m

Router/modem:
—  Central controller of the system

—  Calculates position of mobile beacon up to 45 Hz

—r>

— Communicates via USB/virtual UART with Dashboard or

robot

Beacon N

I_'l‘

Distance between
beacons-neighbors
is up to 30 meters

I1

Beacon 3

Beacon N

(19, 25, 31,

45, 56 KHz) IA
Distance between

beacons-neighbors is
up to 60 meters.

Beacon 3
(31KHz)

{mMarvelmlnd
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Typical use cases

Not recommended

Precision

Location update
rate

Ultrasonic range

Map building

14

Architecture comparison

Non-Inverse Architecture Inverse Architecture (IA)
(NIA)

1-4 autonomous robots/drones. Supported up to 250 Many mobile users (people, robots, VR). Supported up to 250 beacons
beacons When mobile beacons are in quieter places

_'

but stationary beacons are in quieter places

In applications, where emitting ultrasound of mobile For drones, because mobile beacon is receiving ultrasound. The range may be
beacon is undesirable limited to just 2-5m. Special HW solutions and future SW releases will allow to

overcome the limitation

+2cm or better: +2cm or better: https://www.youtube.com/watch?v=0XetXiDyAZI
https://www.youtube.com/watch?v=YAU-WXz26YY

Directly depends on the number of mobile beacons (n) as

1/n —TDMA approach Slightly depends on the radio protocol (the same as NIA)
Slightly depends on the radio protocol, if low speed Depends on the sizes of submaps (the same as NIA)
profile (38kbps, etc.) IMU fusion is HW-supported. SW support is coming

Depends on the sizes of submaps. Larger submap — lower
update rate
IMU fusion is HW and SW supported

Up to 30m in real life and up to 50m in lab conditions within a submap, i.e. stationary beacons shall be placed every 30m or closer
Can cover as large territory as you wish using submaps

Can build a submap automatically, if HW v4.9 beacons Manual entry of stationary beacons’ location or distances between them is
are used. Mini-beacons cannot build the map, because required for Beacons HW v4.9, because they work on different ultrasonic
they are TX-only frequencies

Super-beacons v6.0 allow automatic building of submaps (like in in NIA)

{mMarvelmlnd

robotics
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2.3 Indoor “GPS” System close-up and internal view

Here, you can see how system elements look like

- Super-beacon

- HW v4.9 modem (without housing)

- Mini-RX beacon

c{mMarvelmlnd
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- HW v4.9 beacon with Mini-TX size comparison

- Beacon Industrial-RX

- Beacon Industrial-Super

c{mMarvelmlnd
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3. System elements

3.1 Stationary beacon

- Usually, mounted on the walls or ceilings above the robot
with ultrasonic sensors facing down—to provide the most
robust unobstructed ultrasonic signal coverage to the robot.
However, for automatic landing and indoor navigation of
copters, for example, it is recommended to install mobile
beacon horizontally on the belly of the copter so that the
beacon would be looking downwards

- The position and orientation of the beacons should be
chosen in a way that provides maximum ultrasonic signal
coverage. System efficacy strongly depends on the quality
of ultrasonic signal received by stationary beacons Fig.1: Super-beacon as an example

- Stationary beacons emit and receive ultrasound during the map configuration period. Once
the map is formed and frozen, they only work as the receivers

- Stationary beacons have no exterior differences with regard to mobile beacons
- Inertial measurement unit (IMU) is not installed on the stationary beacons

- The mobile and stationary beacons can be easily interchanged during configuration in the
Dashboard

- There are 433MHz and 868/915MHz versions available. A proprietary radio protocol is used
for communication and synchronization. Other ISM bands are available upon request as
well

- Stationary beacon can be equipped with full-size 165mm antenna (for 433 MHz), which
provides more robust radio connection between modem and beacons (for HW v4.9)

c{mMarvelmlnd
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3.2 Mobile beacon a.k.a. “hedgehog”

The mobile and stationary beacons can be easily
interchanged by selecting in the Dashboard

The mobile beacons designed to be placed on a
robotic vehicle, copter/drone, AGV, or helmet to trace
its location. Formally speaking, location of the mobile
beacon is traced—not the robot itself. Since the sizes
and the location of the central point of the mobile
beacon and the robot are different, the difference
taken into account in the robot’s software (SW)

It is recommended to place the mobile beacon

horizontally to provide optimal ultrasonic coverage in
the upper hemisphere Fig.1: Super-beacon as an example

Its sensors must not be covered with anything that can reduce the strength of ultrasonic
signal. For example, the system won’t normally work, if one puts the mobile beacon in a
plastic box

The beacon’s coordinates are updated according to the rate set on the Dashboard

The system may contain one or several mobile beacons. Current implementation relies on
a time-division multiple access approach. Thus, if two mobile beacons are activated, they
share the same system bandwidth. It means that, if the 16 Hz update rate is selected in the
Dashboard and there are 2 mobile beacons in the system, each beacon’s location will be
updated with the rate of 16Hz/2 ~ 8Hz. If there are 3 mobile beacons => 16Hz/3 ~ 5Hz, etc.
For 4 and more mobile beacons we recommend using Inverse Architecture. See more in
Architectures comparison

Location data is obtained either from the “hedgehog” via USB (virtual UART), UART, SPI,
or from the modem/router via USB (virtual UART). More information on interfaces can be
found here (Mini-RX and Mini-TX beacons do not have pinouts, only over micro-USB)

Data from the beacon sent in a streaming format identical to that of GPS (NMEA 0183)

There are 433MHz and 868/915MHz (868/915MHz only for Mini-RX and Super-Beacon)
versions available. Proprietary radio protocol is used for communication and
synchronization

The “hedgehog” has been successfully integrated with Windows PC, Linux machines,
Raspberry Pi, Arduino boards, Intel boards, etc.
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https://marvelmind.com/pics/architectures_comparison.pdf
https://marvelmind.com/old/downloads/marvelmind_beacon_interfaces_v2017_06_14_v3.pdf

3.3 Super-Modem

Super-Modem is a superior version of the Modem HW v4.9 with
advanced capabilities:

- Super-modem supports all the basic features of HW v4.9
Modem and can be connected over USB to the Dashboard
for system tuning and control (Do not forget to power Super-
Modem via Power connector)

- UDP streaming over Wi-Fi is supported. In the future remote
control of the modem and the whole system via TCP-IP will
be supported too

- Bluetooth (HW enabled, but not yet supported in SW)

- >1000x more RAM and >1000x Flash memory than Modem Fig.1: Super-Modem
HW v4.9

- Full-size bendable antenna by default
- Higher ingress protection - up to IP67 (optional)

- Super-Modem’s HW supports Super-Modem and Super-Super-Modem
functionality for Multi-Modem architecture:
https://marvelmind.com/pics/marvelmind_presentation.pdf

- Designed for outdoor and industrial applications

- External bendable antennas with SMA connector for extended radio range
included

- Currently, supports license-free 915MHz ISM band (for example, US, Japan,
Korea) and license-free SRD band 868MHz (EU, Russia). Future 433MHz
HW variants may come in some months, but no firm schedule yet. You can
place orders for 433MHz. When sufficient amount is collected, we will
produce the 433MHz version as well

- Supports all types of beacons working in the 915MHz band (among them:
Super-Beacons, all Industrial beacons, Mini-RX, Beacons HW v4.9, Helmets,
Badges, Jackets, Watches, etc.)

- Two IP67 external connectors included (similar to Industrial beacons):
Power connector Interface connector

- USB D+ (3
GND (1) |, ) +12vin(3) UsB D-(4) te
RS485A (2)
UART RX 3.3V (5)

GND (7)

DFU(2) [ T (4)Reset ,nrT TX 3.3V (6) RS485B (1)

- Exactly the same mounting holes as for Industrial beacons

- No battery inside — external power supply (+6..17V) required (for example,
https://marvelmind.com/product/converter-220v-12v-ip67/). External battery
is not practical for long-term due to relatively high and constant power
consumption of 1.5-2W

- For optional 1P67 version — extended working temperature range: -
40C...+50C (provided by design — not tested, not certified)

- Embedded reset switch and DFU switch — magnetic control or external pins
on IP67
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Supports both 1A and NIA. Can be easily switched between the modes in the
Dashboard

Radio range to beacons — up to a few hundred meters in the open space
area. Wi-Fi — a few tens of meters in the open space
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Fig.2: Super-Modem’s contents of delivery
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Super-Modem’s SW update

Marvelmind Super-Modem software consists of two parts:

- Low level firmware
- High level software for integrated Raspberry Pi single-board computer

Low level firmware is placed in general software package with all Marvelmind
software in ‘Super-Modem’ folder. This firmware can be updated via dashboard (hex
file) or via DFU (dfu file) like other firmware in the package. Please refer to Operating
Manual for details of updating software via dashboard or dfu.

High level software is located on micro-SD card inserted in the Raspberry Pi single-
board computer inside Super-Modem. To update this software, you should write on
this micro-SD card the image of micro-SD card with updated software. You can
download the image on downloads page (https://marvelmind.com/download/). The
image is placed in archive separately from general software package because its
size is pretty large (archive is about 1.5...2 GB).

Micro-SD card location
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How to update SW:

- Open Super-Modem enclosure

- Eject the micro-SD card (Super-Modem should not be powered at this time)
- Insert micro-SD card into any MS Windows computer via card reader
- Download and unpack the archive with image of updated software

» 2020_04_19_supermodem_image_swb_210
e

MName

2020_04_19_supermodem_image_swb_210
E supermodem_config_files
E supermodem_software_update

%2 win32diskimager-1.0.0-install

v O
Date modified Type Size
19.04.2020 18:.07 Disc Image File 7879680 ...
16.02.2020 18:17 Adobe Acrobat D... 192 KB
19.04.2020 14:03 Adobe Acrobat D... 152 KB
19.04.2020 13:15 Application 12 273 KB

Image File

Install and run Win32 disk imager program (supplied in the archive with image)
- Open the image file and write to the micro-SD card (see screenshot below)

Device

Hash

|None ' | Generate | | Copy |

[ ] read Only Allocated Partitions
Progress

EIMar'uEImir1deUZU_M_lEI_supermudem_image_swﬁ_ZlU.img | []

1. Select micro-SD card disk
2. Select image file
3. Write image to micro-SI) card

| Cancel | | Read Write

Write data from 'Image File' to 'Device’

- Eject micro-SD card from computer and insert back into Super-Modem

- Close Super-Modem enclosure

°imMarvelmlnd
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Super-Modem’s configuration

Marvelmind Super-Modem contains Raspberry Pi single-board computer with
corresponding software. Some settings can be modified via configuration files on the
micro-SD card inserted in the Super-Modem.

To modify these files, you need to:

- Open Super-Modem enclosure

- Eject the micro-SD card (Super-Modem should not be powered at this
time),

- Insert micro-SD card into any computer with Linux

- Open and modify certain configuration files on the micro-SD card (see
below)

- Eject micro-SD card from computer and insert back into Super-Modem

- Close Super-Modem enclosure

Micro-SD card location

----- . - icro-SD card

Zsl
scguge®e

............

.................

When you insert it into computer with Linux, required files are usually located by
following path:

/media/<user name>/rootfs/home/pi/supermodem:

23
{mMarvelmlnd

robotics



24

2 B i B @

network_  settings.bin  stream_ superdfu
options options

stream_og

udp_destination_1p=192.168.1.214
udp_destination_port= 49305

Following settings are available:

In file “network_options”:

- wifi_network — name (SSID) of WiFi network to connect
- wifi_password — password (PSK) for this network

In file “stream_options”:

udp_destination_ip — IP address in local network where Super-Modem
will stream data

udp_destination_port — UDP port where Super-Modem will stream data

{mMarvelmlnd
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3.4 Modem

Modem is the central controller of the system. It must always be
powered when the Navigation System is working. It is recommended
to use an active USB hub for that purpose or even a regular cellular
phone USB power supply. A USB power bank can also be used

The modem is also used to set up the system, monitor it, and interact
with the Dashboard

It can be placed anywhere within radio coverage for permanent radio
connection with all beacons—usually in the radius of up to 100 meters
with antennas from the Starter Set

Radio coverage further extended to a few hundred meters by using a
lower bitrate of 38kbps and full-size (165mm for a 433MHz band)
antennas, which have been tested to provide up to 400m in ideal
conditions

There are 433MHz and 915MHz versions available

Fig.1: HW v4.9 Modem

A proprietary radio protocol used for communication and synchronization

between modem and beacons
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3.4.1 Super-Beacon

3.5 Different types of beacons

The Super-Beacon is a dual-use beacon — it can both receive
and transmit ultrasonic pulses.

The Super-Beacon Beacon can be used in both the Non-Inverse
Architecture (NIA) and the Inverse Architecture (IA):
Architecture comparison.

Supports license-free 915MHz ISM band (US) and license-free
SRD band 868MHz (EU). Support of the 433MHz ISM band
(EU) comes with a larger order.

Key features:

The Super-Beacon has a separate receiving part with a
single wide-beam microphone and sharp DSP filters
(like Mini-RX or Industrial-RX has). Thus, it is more
sensitive, than Beacon HW v4.9, more resistant to external noise, and easier to setup,
because you don’t have to care about turning on and off ultrasonic sensors in order to
optimize coverage vs. sensitivity

The Super-Beacon can receive any ultrasonic frequency from the bands: 19kHz,
25kHz, 31kHz, 37kHz, 45kHz. The filter can be simply selected in the Dashboard. At
the same time, the ultrasonic frequency of Beacon HW v4.9 is HW-defined by
ultrasonic sensors and can’t be changed

The Super-Beacon can receive several ultrasonic frequencies at once. That is used
in the Inverse Architecture. See the comparison

The Super-Beacon has several-times improved battery lifetime in TX mode as
compared with Beacon HW v4.9

The Super-Beacon can work with regular Beacons HW v4.9 and Mini-RX and
Industrial-RX in any combination as a part of a Starter Set or as a part of havigation
systems. In all cases, beacons shall use the same radio band

Super-Beacon also has outdoor (IP54) version, which is protected from dust and water

Demo video: https://www.youtube.com/watch?v=clA2Gc5Ka0l

Figure 1 Outdoor version (IP54)
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Figure 5 Receiving diagram (with digital microphone)
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3.4.1.1. External microphone extension

This modification of the Super-Beacon allows you to bring the receiving microphone to any
place on the robot or clothing. Due to this, the microphone body itself will not interfere, and will
not be visible. It allows you to create more accurate implantation.

It is also possible to use 2 external microphones to calculate the direction, or to improve and
increase the reception area.

Length is 25cm (default), may be expanded up to 1m (optional)

o Be careful: You should have soldering skills to solder external microphone on board

Figure 2 Super-Beacon with one external microphone connected

Figure 3 Super-Beacon with two external microphones connected

28
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External microphones schemes:

There can be some beacons (from one of the batches) with mixed default microphone wires’ colors

Figure 4 Connection for beacon with switched blue and yellow wires

Figure 5 One external microphone connection
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3.4.2 Mini-RX beacon

The Mini-RX Beacon can be used in both the Non-Inverse
Architecture (NIA) and in the Inverse Architecture (1A): NIA and IA

comparison

The Mini-RX beacon HW differs from the regular Beacon HW v4.9
in several ways:

- Itis an RX-only beacon, i.e. it can receive, but it cannot
transmit ultrasonic signal

- The fact that it is RX-only makes it far more sensitive, i.e. you will get a longer range
between Beacon HW v4.9 and Mini-RX v5.xx than between Beacon HW v4.9 and
Beacon HW v4.9

- Mini-RX beacon can receive any ultrasonic frequency from the bands: 19kHz, 25kHz,
31kHz, 37kHz, 45kHz. The filter can be simply selected in the Dashboard. At the same
time, the working ultrasonic frequency of Beacon HW v4.9 is HW-defined by ultrasonic
sensors and can’t be changed

- Mini-RX beacon can receive several ultrasonic frequencies at once. That is used in
Inverse Architecture. See the comparison: NIA and IA comparison

- The Mini-RX Beacon is significantly smaller than Beacon HW v4.9

- Can play a role of stationary beacon when imputing coordinates manually
- Can play a role of mobile beacon (in IA system)

- Has digital microphone, which is more sensitive than regular sensors

- Supports 868/915MHz radio only

- Light weighted

- Can be water-protected

- The component of the Marvelmind Helmet and Marvelmind Watch

- Ithas 360° reception angle (horizontally) and 180° reception angle (vertically)

Reception diagram. Digital microphone has about 360° (horizontally) and 180°
(vertically) reception angle

Mini-RX beacon may be over discharged. In that case do the following:
o Turn off the beacon with DIP switches and charge it for 1 hour. Then turn the beacon on,

flash the latest SW via DFU Programming and charge it for 1 hour again

31
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3.4.2.1. External microphone extension

This modification of the Mini-RX beacon allows you to bring the receiving microphone to any
place on the robot or clothing. Due to this, the microphone body itself will not interfere, and will
not be visible. It allows you to create more accurate implantation.

It is also possible to use 2 external microphones to calculate the direction, or to improve and
increase the reception area.

Length is 25cm (default), may be expanded up to 1m (optional)

Be careful: You should have soldering skills to solder external microphone on board

Mini-RX beacon

&/

External microphone

QDMarvelmmd

robotics

Dual microphones modification:

External Microphone 1 Robot’s head

Mini-RX beacon hidden M .
inside External Microphone 2

< 210mm
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Figure 8 Two external microphones with housing

Figure 10 Two external microphones soldering
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External microphones schemes:
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Figure 13 Two external microphones final view

Figure 14 Two external microphones final view
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3.4.3 Mini-TX beacon

The Mini-TX is a TX only beacon, i.e. it can transmit, but cannot
receive ultrasound

Comparison to Beacon HW v4.9:

- Smaller size and lighter: 47x42x15mm & 25g vs.
55x55x33mm & 62g (or 55x55x64mm with antenna)

- TXonly, i.e. Mini-TX can only transmit ultrasonic and cannot
receive. Beacon HW v4.9 is dual use: can receive and transmit ultrasonic

- Battery — 250mAh vs. 1000mAh in a regular beacon. But Mini-TX has a new
more efficient ultrasonic TX module, thus, battery lifetime in TX mode is even
superior to the Beacon HW v4.9

- Tested battery lifetime with 8Hz — 96h. With lower update rate — nearly
proportionally longer. Very efficient ultrasonic TX module

- Mini-TX has only USB (virtual UART) output — no additional pins

- Mini-TXs always have embedded IMU — newer and better, but it has 3D
accelerometer and 3D gyroscope, but no magnetometer (which we do not
recommend using indoors anyway, due to magnetic field distortion indoor)

- Embedded antenna — smaller size, but smaller radio coverage ~50m with
regular Modem HW v4.9 as compared with ~100m of Beacon HW v4.9 with
Modem HW v4.9

- Range in ultrasonic is virtually on par with regular Beacon HW v4.9 — up to
30m with Beacon HW v4.9 as RX beacon. At the same time, for example, a
combination of Mini-RX RX beacon + Mini-TX TX provide a better coverage
and a stronger signal, than Beacon HW v4.9 + Beacon HW v4.9

- This HW is for the 868/915MHz band only, i.e. 433MHz is not supported and
not planned
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3.4.4

Beacon Industrial-TX-Metal

TX-only beacon — can transmit ultrasonic,
but can’t receive it

Electronics is IP67 protected
Special IP67-protected 25kHz transducers

External antenna with SMA connector for
extended radio range

Corresponding IP67 connectors (male part)
included

No battery inside

Extended working temperature range from -
40°C to +50°C (not tested, provided by
design)

Embedded reset switch and DFU switch — magnetic control
Two IP67 external connectors:

RS485 modification pinouts (After Sep.2019)

Power connector Interface connector
USB D- (4) USB D+ (3)
GND (1) L J +12Vin (3)

p § RS485A (2)

UART RX 3.3V (5)

’, ¥ GND {7}
DFU(2) 1 (4) Reset

UART TX 3.3V (6) RS485B {1)

RS485 modification pinouts (Before Sep.2019)

Power connector Interface connector

USB D- (4)
GND (1) +12Vin (3)
UART RX 3.3V (5)
+3.3V out (2) +5Vin (4)
UART TX 3.3V (6)

CAN maodification pinouts

USB D+ (3)
RS485A (2)

GND (7)

.

RS485B (1)
Power connector Interface connector
USB D- (4)
GND (1) +12Vin (3)
CANL (5)
+3.3V out (2 +5Vin (4
(@) 4 CAN H (6)

Can work with any Mini-RX beacon or Beacon HW v4.9 with 25kHz ultrasonic sensors
(radio bands must match)

USB D+ (3)
RS485A (2)

GND (7)

.

RS485B (1)

Most of all designed to work together with Outdoor versions of Mini-RX beacons and
heavy outdoor Industrial-TX and Industrial-RX beacons (radio bands must match)

Up to 30m with Beacon Mini-RX

Optional external Converter-220V-12V-IP67
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Uploading Beacon’s Industrial-RX or Beacon’s Industrial-TX SW to Industrial
Super-beacon may permanently damage Industrial Super-Beacon board.

Determine carefully the version of your Industrial beacons: it E [ Beacon Ind_ﬂ
may be built before September 2019 and after September 2019. %ﬁﬁ 915-N/A-IMU
If it is beacon from the late batch, you must use Industrial LB
Super-beacon SW. if you have beacons from the early batch, E [ Ind-rx-s J
use Industrial-RX or Industrial-TX SW. Stickers’ differences: u% 915-N/A-IMU
Later batch — Ind-RX-S or Ind-TX-S. Early batch — Beacon Ind- S/N: S134sR

RX or Beacon Ind-TX.
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3.4.5

Beacon Industrial-RX

RX-only beacon — can receive ultrasonic,
but can’t transmit it

Electronics is IP67 protected

Special IP67-membrane for ultrasonic
sensor

External antenna with SMA connector for
extended radio range

Corresponding IP67 connectors (male
part) included

No battery inside by default — external power bank or external power supply (+12V Or
+5V). But, optional variant with internal battery is possible

Two IP67 external connectors:

RS485 modification pinouts (After Sep.2019)

Power connectorctor Interface connector
USB D- (4) USB D+ (3)
GND (1) ‘\ +12Vin (3)

RS485A (2)

UART RX 3.3V (5)

/ (@) GND (7)
DFU(2) r \‘ 4) Reset

UART TX 3.3V (6) RsS485B (1)

RS485 modification pinouts (Before Sep.2019)

Power connector Interface connector

USB D- (4) USB D+ (3)
GND (1) +12Vin (3)
RS485A (2)
UART RX 3.3V (5)
GND (7)
+3.3V out (2) +5Vin (4)
UART TX 3.3V (6) RS4858 (1)

CAN maodification pinouts

Power connector Interface connector

USB D- (4) UsB b+ (3)
GND (1) +12Vin (3)
S RS485A (2)
GND (7)
+3.3V out (2) +5Vin (4) CAN H (6) (1)
RS485B (1

Extended working temperature range from -40°C to +50°C (not tested, provided by
design) — only for the version without battery

Embedded reset switch and DFU switch — magnetic control
Supports wide range of ultrasonic frequencies: 19/25/31/37/45kHz

Most of all designed to work together with Outdoor versions of Mini-RX beacons and
heavy outdoor Industrial-TX and Industrial-RX beacons (radio bands must match)

Optional external Converter-220V-12V-IP67
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Uploading Beacon’s Industrial-RX or Beacon’s Industrial-TX SW to Industrial
Super-beacon may permanently damage Industrial Super-beacon board.

Determine carefully the version of your Industrial beacons: it E [ peacos Ind_ﬂ
may be built before September 2019 and after September % 915-N/A-IMU
2019. If it is beacon from the late batch, you must use BAVE OIS
Industrial Super-beacon SW. if you have beacons from the
early batch, use Industrial-RX or Industrial-TX SW. Stickers’ % ;;’?:g;lm J
differences: Later batch — Ind-RX-S or Ind-TX-S. Early batch — ®E S/N: 01343A
Beacon Ind-RX or Beacon Ind-TX.
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3.4.6

Industrial Super-Beacon Metal-25kHz

Supports dual-use — RX and TX beacon. It
can transmit on its native ultrasonic
frequency (25kHz) and it can receive on
any ultrasonic frequency via an embedded
RX sensor — like Industrial-RX or Mini-RX
does. Effectively, the Industrial Super-
Beacons beacons combines inside an
Industrial-TX and Industrial-RX.
Additionally, the beacon supports both Al
and NIA architectures. Thus, it is called
Industrial Super-Beacon

Electronics is IP67 protected

Special IP67-protected 25-kHz transducers

External antenna with SMA connector for extended radio range
Corresponding IP67 connectors (male part) included

No battery inside

Extended working temperature range from -40°C to +50°C (not tested, provided by
design)

Embedded reset switch and DFU switch — magnetic control
Two IP67 external connectors:

RS485 maodification pinouts

Interface connector
Power connector

USB D- (4) L\ uss D+ (3)
GND (1) L J +12Vin (3) | RS485A (2)
‘ " UART RX 3.3V (5) f @
oy | GND (7)
DFU(2) f 1 (4) Reset UART TX 3.3V (6) r R54853 (1)

Can work together with modems with corresponding radio (radio bands must match)

Can work with any Mini-RX beacon or Beacon HW v4.9 with 25kHz ultrasonic sensors
(radio bands must match)

Most of all designed to work together with Outdoor versions of Mini-RX beacons and
heavy outdoor Industrial-TX and Industrial-RX beacons (radio bands must match)

Up to 30m with Beacon Mini-RX

Optional external Converter-220V-12V-IP67

Uploading Beacon Industrial’s (Not super) DFU software to Industrial Super-
Beacon hardware make permanently damage for Industrial Super-Beacon board.
Be double attentive with update
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3.4.7 HW v4.9 beacon

HW v4.9 beacon can be used in both the Non-Inverse Architecture (NIA) and in the Inverse
Architecture (IA): NIA and IA comparison

Reception diagram. Each sensor has about 90° reception angle:

Figure 15 Transmitting diagram (with sensors)
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3.6 Beacon comparison

Here you can see more details about the different types of beacons:
https://marvelmind.com/pics/marvelmind beacons comparison.pdf
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https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf

4. Setting up the system (NIA)

4.1 Starter Set Super-NIA-3D

The steps below describe the very first time you set up of the system. Super-beacons
and modem required.

4.1.5

4.1.6

4.1.7

4.1.8
4.1.9
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Unpack the system. Look at a similar unpacking video of HW v4.9. The
videos have certain differences but the basic are the same:
https://youtu.be/sOce7B2 6Sk

Charge all the beacons using USB cable. Full charging takes about 1-2
hours

Turn the beacons on: Place DIP switches as shown on the picture below

Download SW Pack
Update all the beacons (HEX programming):

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program
o

File language View Firmware Substrate Help

m) Marvelmind| ™ beaWs available

robotics

o4 Y A

1D Firmware update: beacon 25 V5.74.30 SLP - X

Select file with firnware
File of firmuare

\ Open file

Cancel
clear map

Dots timeout
300

save screenshot

fieeze scisen
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If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it with link
at top window in the Dashboard and run the installation file, then
click on the link under and install the driver

Ensure that:

(@) You are programming the modem’s SW to the modem
and the beacon’s SW to the beacon

(b) You are using SW for Super-beacon, if you have Super-
beacon; and you have the SW from the same SW pack,
i.e., the Dashboard SW, modem SW, and beacon SW
must be from the same SW pack. Don’t mix SW
releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 4.1.10. If you have
some problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

After the DFU SW upgrade, future SW upgrades can be done in
a regular manner via the Dashboard

To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes

Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

Download DfuSe

Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:

- Put DIP switch into Power = ON, DFU = ON
- Connect the beacon via USB to your PC

- Run DfuSe

- Press the RESET button on your beacon

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode

c{mMarvelmlnd
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- Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4a3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Cem Dkl Wersioh: I:I Wersior: | 2200
Enter DFL mode/HID detach Leave DFU mode
Actions
Sl Tem=) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flash B4 sectors...
m Option Bytes 1 sectars...
Upload Action Uparade or Yerify Action
File: File:
Vendor D Targets in file:
Chooge. .. Upload Procuct |D:

Transterred data size

O KB[0 Bytes) of 0 KE(D Bytez)

Wersion:

[ erify after download

[ Optimize Uparade duration [Femove same FFs)
Operation duration

000000 Choose... Upgrade Werify
|

Ak it

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Move the DIP switch into Power = ON, DFU = OFF

- Start the Dashboard and press the RESET button on the
beacon

- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete
- Follow the same scenario for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming

- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

led1 [I
led2 I

°Q))Marvelmmd
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Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen immediately. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW to a different one

Disconnect the short circuit

Start the Dashboard and press RESET button

- If you experience difficulties in DFU programming, please try
the following:

Use a different computer with a different version of
Windows or another operating system

Install a different DfuSe version (whichever works best
with your Windows)

If you have uploaded the latest firmware for all the boards, you can start to
activate the system:

4.1.10 While the beacon or modem is connected to the Dashboard, click
the DEFAULT button on the Dashboard to upload the default

settings

1 map

Distances only mode

Supply voltage, W

Supply voltage motors, W 0.00

Coordinates (m), X ;Y 0.000 ; 0.000

Desired speed, % (0. 100) 30

Speed base, cmis 200.0

Cument speed, cm/s 0.0

Height, m (-320.000. 320.000) 0.000

Height, m (-320.000..320.000) 0.000 W

eset Sleep Wake up Time sync

R
- 3
D CTRL Deep sleep Default
0

0 total, 0 failed (0%)

ro IMLI

=
[41]
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4.1.11 Write down the beacon’s address for future use or change the
address at your convenience as shown here

4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

4.1.17

Heagenog moas Enapiea
Inwerse system enabled
Digtances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) a0
Time from reset, hom's 00:00:04 R
Measured temperature, “C 23
RS5I1, dBm iy .|
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming

After programming devices with the latest software, the modem and
beacons are ready for use

Place the stationary beacons high on the walls vertically in a way
that will provide optimal ultrasonic coverage. Write down the
beacon’s height for future change in the settings. The help video on
installation can be found here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

Wake up all beacons by selecting them on the Dashboard panel

Only 4 stationary beacons may be in 1 submap. If you wake up
more beacons, create new submap for them or it won’t be
displayed on the map and in the table of distances.

{mMarvelmlnd
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4.1.18

4.1.19

4.1.20

4.1.21

4.1.22

4.15

4.1.6
4.1.7

4.1.8

4.1.9

It may take up to 7-10 seconds for the beacons to wake up

Indoor GPS

- - - Eee - |

F] ©Beacon2 |Eq] Beacon3 |E7] Beacond 7] BeaconS | [] Dewvicet
D Device11 D Device12 Device13 Device14 Device15 Device 16
Connected: COM3 X: -0.186, ¥: 0.098

Notice, that if the modem is not active and is not powered, the
beacons will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time
you are waking up the beacons. If this step does not work,
disconnect the modem and connect that beacon again via USB.
Press the DEFAULT button in the Dashboard and the Read All
button to make sure that the radio settings are the default ones

Check that the radio settings on the modem and the radio settings
on the beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on
the panel on the right corner of the Dashboard

Supply voltage, V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time from reset. hm's 00:01:26 R
Measured temperature, T 23

RSS!, dBm 28
Radio frequency band 915 MHz
Canmier frequency, MHz 919.000
Device address (0. 254) 30
Radio channel 0
Ultrasonic frequency. Hz (100..65000) 25000
Filter selection 3 kHz

Enter the height of stationary beacons. Choose beacon in the list
and enter height value

Read all Write all
CPUID Copy to clipboard 013326
Firmware version V6.192 Super-Beacon
Power save functions enabled
Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled
Supply voltage, V 395
Desired, sneed ey
Teight. m (-320.000..320.000) D
Time from reset, hm's 0U0T:26 R
Measured temperature, C 23
RSSI, dBm -28
Radio frequency band 915 MHz
Canier frequency, MHz $15.000
Device address (0. 254) 30
Radio channel 0
Uhltrasonic frequency. Hz (100..65000) 25000
Filter selection 3 kHz

Enter the height for mobile beacon if you use 2D mode

In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected
beacons on the map, you may need to scroll to find their addresses

Double click on the device both to put it into sleep mode and to wake
it up

The map will form and zoom in automatically

{mMarvelmlnd
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4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

4.1.17

If the map does not form well, check the table of distances in the left
corner of the Dashboard. The cells must be colored in white; it
means the distances between stationary beacons are measured
correctly

i Dashboard - robots management V347 ultimate

File Language View Firmware Substrate Help

'Q]) Marvelmind

robotics

4

11.365
10.334 6.621

11.365
9592 4873

[ —

clear map
Dots timeout

300 =

zave screenshot . . . . . . . . . . . =

If you see in the table some empty cells or marked yellow/red, it is
an indication that distances between Some beacons are measured
inconsistently or not measured at all. Try to re-position them
because usually there is an obstruction of some sort in the between
the beacons. If you have any problems — check Table of distances
chapter

Make a service zone, clicking on the map with Shift+Left Mouse
Button. See Submaps chapter for more details

Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance
from the mobile beacon(s)

=

- freeze map -
5 0 o ¢ c o+ esm
=

~
$EYE Map load map

Elase map

146 total, 1 failed (1%5)

Turn on and wake up the mobile beacon following the same steps
as with the stationary beacon. More details in our video:
https://youtu.be/AdaRsiH2- E

If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off
or some ultrasonic or radio settings may be different. You can
change the settings for sensors manually by clicking on the panel on
the upper right corner of the Dashboard to change the cells from
gray to green to turn on sensor. It is recommended that the default
settings on all beacons and the modem are used if this is your first
time using the system.

After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable within 5-7 seconds.

The system is now fully operational.

c{mMarvelmlnd
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4.1.18

In the dashboard, you can upload a picture / map of your room. You
can use a different picture for every floor. Go to Loading the floorplan

(Help video: https://www.youtube.com/watch?v=NHUNCtJIYXc)

{mMarvelmlnd
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4.2 Starter Set HW v4.9

The steps below describe the very first time you set up of the system. Beacons HW
v4.9 and modem required.

];ﬂ 4.2.1

422

4.2.3

424
4.2.5
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Tobotics

Unpack the system. Watch the help video:
https://youtu.be/sOce7B2 6Sk

Charge all the beacons using USB cable. Full charging takes about 1-2
hours

Turn the beacons on: Place DIP switches as shown on the picture below

Download SW Pack
Update all the beacons (HEX programming):

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it with link
at top window in the Dashboard and run the installation file, then
click on the link under and install the driver

Ensure that:

(c) You are programming the modem’s SW to the modem
and the beacon’s SW to the beacon

(d) You are using SW for HW v4.9, if you have HW v4.9;
and you have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’t mix SW releases

{mMarvelmlnd
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https://marvelmind.com/product/starter-set-hw-v4-9/
https://youtu.be/sOce7B2_6Sk
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If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 4.2.6. If you have
some problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

- After the DFU SW upgrade, future SW upgrades can be done in
a regular manner via the Dashboard

- To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:
- Put DIP switch into Power = ON, DFU = ON
- Connect the beacon via USB to your PC
- Run DfuSe
- Press the RESET button on your beacon

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode

c{mMarvelmlnd
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https://marvelmind.com/pics/marvelmind_SW.zip
http://www.marvelmind.com/downloads/Software.zip
http://www.marvelmind.com/downloads/DFU/DfuSe_Demo_V3.0.5_Setup.exe

- Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4a3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Cem Dkl Wersioh: I:I Wersior: | 2200
Enter DFL mode/HID detach Leave DFU mode
Actions
Sl Tem=) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flash B4 sectors...
m Option Bytes 1 sectars...
Upload Action Uparade or Yerify Action
File: File:
Vendor D Targets in file:
Chooge. .. Upload Procuct |D:

Transterred data size

O KB[0 Bytes) of 0 KE(D Bytez)

Wersion:

[ erify after download

[ Optimize Uparade duration [Femove same FFs)
Operation duration

000000 Choose... . Upgrade Werify

Ak it

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Move the DIP switch into Power = ON, DFU = OFF

- Start the Dashboard and press the RESET button on the
beacon

- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete
- Follow the same scenario for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming

- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

led1 [I
led2 I

°Q))Marvelmmd
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Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen immediately. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW to a different one

Disconnect the short circuit

Start the Dashboard and press RESET button

- If you experience difficulties in DFU programming, please try
the following:

Use a different computer with a different version of
Windows or another operating system

Install a different DfuSe version (whichever works best
with your Windows)

If you have uploaded the latest firmware for all the boards, you can start to
activate the system:

4.2.6 While the beacon or modem is connected to the Dashboard, click
the DEFAULT button on the Dashboard to upload the default

settings

1 map

Distances only mode

Supply voltage, W

Supply voltage motors, W 0.00

Coordinates (m), X ;Y 0.000 ; 0.000

Desired speed, % (0. 100) 30

Speed base, cmis 200.0

Cument speed, cm/s 0.0

Height, m (-320.000. 320.000) 0.000

Height, m (-320.000..320.000) 0.000 W

eset Sleep Wake up Time sync

R
- 3
D CTRL Deep sleep Default
0

0 total, 0 failed (0%)

ro IMLI

=
[41]
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4.2.7

4.2.8

4.2.9

4.2.10

4211

4.2.12

4.2.13

Write down the beacon’s address for future use or change the
address at your convenience as shown here

Heagenog moas Enapiea
Inwerse system enabled
Digtances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) a0
Time from reset, hom's 00:00:04 R
Measured temperature, “C 23
RS5I1, dBm iy .|
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming

After programming devices with the latest software, the modem and
beacons are ready for use

Place the stationary beacons high on the walls vertically in a way
that will provide optimal ultrasonic coverage. Write down the
beacon’s height for future change in the settings. The help video on
installation can be found here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

Wake up all beacons by selecting them on the Dashboard panel

Only 4 stationary beacons may be in 1 submap. If you wake up
more beacons, create new submap for them or it won’t be
displayed on the map and in the table of distances.
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4.2.14

4.2.15

4.2.16

4.2.17

4.2.18

4.2.19

4.2.20
4.2.21

4.2.22

4.2.23

It may take up to 7-10 seconds for the beacons to wake up

Indoor GPS

- - - Eee - |

F] ©Beacon2 |Eq] Beacon3 |E7] Beacond 7] BeaconS | [] Dewvicet
D Device11 D Device12 Device13 Device14 Device15 Device 16
Connected: COM3 X: -0.186, ¥: 0.098

Notice, that if the modem is not active and is not powered, the
beacons will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time
you are waking up the beacons. If this step does not work,
disconnect the modem and connect that beacon again via USB.
Press the DEFAULT button in the Dashboard and the Read All
button to make sure that the radio settings are the default ones

Check that the radio settings on the modem and the radio settings
on the beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on
the panel on the right corner of the Dashboard

Supply voltage, V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time from reset. hm's 00:01:26 R
Measured temperature, T 23

RSS!, dBm 28
Radio frequency band 915 MHz
Canmier frequency, MHz 919.000
Device address (0. 254) 30
Radio channel 0
Ultrasonic frequency. Hz (100..65000) 25000
Filter selection 3 kHz

Enter the height of stationary beacons. Choose beacon in the list
and enter height value

Read all Write all
CPUID Copy to clipboard 013326
Firmware version V6.192 Super-Beacon
Power save functions enabled
Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled
Supply voltage, V 395
Desired, sneed ey
Teight. m (-320.000..320.000) D
Time from reset, hm's 0U0T:26 R
Measured temperature, C 23
RSSI, dBm -28
Radio frequency band 915 MHz
Canier frequency, MHz $15.000
Device address (0. 254) 30
Radio channel 0
Uhltrasonic frequency. Hz (100..65000) 25000
Filter selection 3 kHz

Enter the height for mobile beacon if you use 2D mode

In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected
beacons on the map, you may need to scroll to find their addresses

Double click on the device both to put it into sleep mode and to wake
it up

The map will form and zoom in automatically
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4.2.24

4.2.25

4.2.26

4.2.27

4.2.28

4.2.29

4.2.30

4231

If the map does not form well, check the table of distances in the left
corner of the Dashboard. The cells must be colored in white; it
means the distances between stationary beacons are measured
correctly

i Dashboard - robots management V347 ultimate

File Language View Firmware Substrate Help

'Q]) Marvelmind
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11.365
10.334 6.621

11.365
9592 4873

[ —

clear map
Dots timeout

300 =

zave screenshot . . . . . . . . . . . =

If you see in the table some empty cells or marked yellow/red, it is
an indication that distances between Some beacons are measured
inconsistently or not measured at all. Try to re-position them
because usually there is an obstruction of some sort in the between
the beacons. If you have any problems — check Table of distances
chapter

Make a service zone, clicking on the map with Shift+Left Mouse
Button. See Submaps chapter for more details

Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance
from the mobile beacon(s)

=

- freeze map -
5 0 o ¢ c o+ esm
=

~
$EYE Map load map

Elase map

146 total, 1 failed (1%

Turn on and wake up the mobile beacon following the same steps
as with the stationary beacon. More details in our video:
https://youtu.be/Ad4aRsjH2- E

If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off
or some ultrasonic or radio settings may be different. You can
change the settings for sensors manually by clicking on the panel on
the upper right corner of the Dashboard to change the cells from
gray to green to turn on sensor. It is recommended that the default
settings on all beacons and the modem are used if this is your first
time using the system.

After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable within 5-7 seconds.

The system is now fully operational.
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4.2.32 Inthe Dashboard, you can upload a picture/map of your room. You
can use a different picture for every floor. Go to Loading the
floorplan
(Help video: https://www.youtube.com/watch?v=NHUNCtJIYXc)

4
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10.001 11.388[ 10.422]
4830 11.385 6632 | L | :
10.274] 10424] e627 S . .
clear map
Dots timeout
300 -
save scresnshot .
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Veesse
=i
e, EE g EEE ] m
beacen 22 beacon 23 beacon 24 beacon 25 -
V. 74.30 Vb, 74.30 b.74.30 iikkiflm - I Im savemap | loadmap
[ ceiosd3 [ dewisd [ s3] [ devie® [ devios3s [ deviesd [ cewioed . lees=mep
Connected: COM3 X: 15742, ¥:9.891 1 Ti2total, 3 failed (0%)
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4.3 Starter Set NIA-01-3D

The steps below describe the very first time you set up the system. Mini-RX, HW
v4.9 beacons and modem required.

Mini-RX has different HW and SW from HW v4.9. Use Mini-RX SW for Mini-RX
beacons, HW v4.9’s SW for HW v4.9

43.1

4.3.2

4.3.3

4.3.4
4.3.5

60

Unpack the system. Look at a similar unpacking video of HW v4.9. The
videos have certain differences but the basic are the same:
https://youtu.be/sOce7B2 6Sk

Charge all the beacons using USB cable. Full charging takes about 1-2
hours

Turn the beacons on (To turn Mini-RXs on, carefully disassemble its
housing and find DIP switches inside. It is necessary only for the first
start. You can also turn it off with switches for long-term storage): Place
DIP switches as shown on the picture below

Download SW Pack
Update all the beacons:

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it through
the link in the top window in the Dashboard and run the
installation file, then click on the link under and install the driver

Make sure that that:

a. You are programming the modem’s SW to the modem and
the beacon’s SW to the beacon
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b. You are using SW for 4.9, if you have HW v4.9; and you
have the SW from the same SW pack, i.e., the Dashboard
SW, modem SW, and beacon SW must be from the same
SW pack. Don’t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 4.3.6. If you
have some problems with HEX programming, use DFU
programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch_modes (DIP switch in Mini-RX and Mini-TX situated
inside the body. Carefully disassemble the body to access it)

Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

Download DfuSe

Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:

- Put DIP switch into Power = ON, DFU = ON (DIP switch
in Mini-RX and Mini-TX situated inside the body. To
switch it, carefully disassemble the body)

- Connect the beacon via USB to your PC
- Run DfuSe
- Press the RESET button on your beacon

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode
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- Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4a3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Cem Dkl Wersioh: I:I Wersior: | 2200
Enter DFL mode/HID detach Leave DFU mode
Actions
Sl Tem=) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flash B4 sectors...
m Option Bytes 1 sectars...
Upload Action Uparade or Yerify Action
File: File:
Vendor D Targets in file:
Chooge. .. Upload Procuct |D:

Transterred data size

O KB[0 Bytes) of 0 KE(D Bytez)

Wersion:

[ erify after download

[ Optimize Uparade duration [Femove same FFs)
Operation duration

000000 Choose... Upgrade Werify
|

Ak it

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Move the DIP switch into Power = ON, DFU = OFF

- Start the Dashboard and press the RESET button on the
beacon

- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete
- Follow the same scenario for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming

- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

led1 [I
led2 I

°Q))Marvelmmd
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Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW to a different one

Disconnect the short circuit

Start the Dashboard and press RESET button

If you have uploaded the latest firmware for all the boards, you can start to

activate the system:
4.3.6

4.3.7

While the beacon or modem is connected to the Dashboard, click
the DEFAULT button on the Dashboard to upload the default

settings

imap

Distances only mode

Supply voltage,

Supply voltage motors, W 0.00

Coordinates (m), X ;Y 0.000 ; 0.000

Desired speed, % (0..100) 30

Speed base, cm/s 200.0

Cument speed, cm/s 0.0

Height, m (-320.000. . 320.000) 0.000

Height, m (-320.000. 320.000) 0.000 v

Rezet Sleep Wake up Time sync Zero (MU

D CTRL | = Deep sleep Diefault &

0 total, 0 failed (0%)

Write down the beacon’s address for future use or change the

address at your convenience as shown here
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4.3.8

4.3.9

4.3.10

4.3.11

4.3.12

4.3.13

4.3.14

4.3.15

Hedagenog moae Enaniea
Inwerse system enabled
Distances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) 0

Time from reset, homs 00:00:04 R
Measured temperature, “C 23
RS51, dBm -74
Radio frequency band 515 MHz
Camier frequency, MHz -

Device address (0..254) C |15
Radio channel ~
|trasonic frequency, Hz (100..65000) n/a
Fitter zelection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming

After programming devices with the latest software, the modem and
beacons are ready for use

Place the stationary beacons high on the walls vertically in a way
that will provide optimal ultrasonic coverage. Write down the
beacon’s height for future change in the settings. The help video on
installation can be found here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

Wake up all beacons by selecting them in the Dashboard on the
panel

It may take up to 7-10 seconds for the beacons to wake up

Indoor GPS ‘ - S
[J Devicel Beacon2 [4] Beacon3 Beacond ||| BeaconS |[] D
D Device 1 D Device12 D Device13 D Device14 D Device18 D Device16
Connected: COM3 X: -0.186, Y: 0.098

Notice, that if the modem is not active and is not powered, the
beacons will go into sleep mode automatically after 1 minute
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4.3.16 The system may run the frequency search, if it is the very first time
you are waking up the beacons. If this step does not work,
disconnect the modem and connect that beacon again via USB.
Press the DEFAULT button in the Dashboard and the Read All
button to make sure that the radio settings are the default ones

4.3.17 Check that the radio settings on the modem and the radio settings
on the beacon are the same

4.3.18 Now you can check RSSI, voltage, ultrasonic filter settings, etc. on
the panel on the right corner of the Dashboard

Supply voltage, V 395
Desired speed, % (0..100) 30
Height. m (-320.000..320.000) 0.000
Time from reset, hm:s 00:01:26 R
Measured temperature, T 23

RSSI, dBm 28
Radio frequency band 915 MHz
Carier frequency, MHz 915.000
Device address (0. 254) 30
Radio channel 0
Uhltrasonic frequency. Hz (100..65000) 25000
Fitter selection IkHz

4.3.19 Enter the height of stationary beacons. Choose beacon in the list
and enter height value

Read all Write all
CPUID Copy to clipboard 013326
Firmware version V6.192 Super-Beacon
Power save functions enabled
Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled
Supply voltage, V 395
De: 2=l=
THeight. m (-320.000.320.000) D
Time from reset, hm's 00:01:2¢6 R
Measured temperature, C 23
RSSI, dBm 28
Radio frequency band 915 MHz
Canier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Uktrasonic frequency, Hz (100..65000) 25000
Filter selection 31 kHz

o 4.3.20 Enter the height for mobile beacon if you use 2D mode

4.3.21 In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected
beacons on the map, you may need to scroll to find their addresses

4.3.22 Double click on the device to put it into sleep mode or wake it up

Only 4 stationary beacons may be in 1 submap. If you wake up
more beacons, create a new submap for them, otherwise it will
not be displayed on the map and in the table of distances.

4.3.23 Build the map:

Mini-RX beacons cannot build the map automatically,
manual inputting of the coordinates is required

Step 1. Open the Dashboard. You will see the table of
distances

Step 2. Use right mouse click on cell you want to enter the
distance. Additional menu will open. There you can
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4.3.24

4.3.25

4.3.26

4.3.27

66

control the table of distances. Choose Enter

distance for pair to enter the value

ELET. T

Dont use distance

Freeze all

Unfreeze all

Enter distance for pair

Clear cell

Step 3. Now, enter measured (measure it with laser distance
meter or so) value. That values would not change
until you unfreeze or clear it. Even if beacons had
been moved, distance would stay. Be careful with
frozen cells because a small mistake can cause a
significant impact on your tracking

Step 4. Repeat for all cells

Make a service zone, clicking on the map with Shift+Left Mouse
Button. See Submaps chapter for more details

Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance
from the mobile beacon(s)

B

P
[ ]

-~
save map

load map
1338 Map

146 total, 1 failed (1%)

Turn on and wake up the mobile beacon following the same steps
as with the stationary beacon: https://youtu.be/Ad4aRs|H2- E

If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off

Freeze average for pair

Freeze distance for pair
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or some ultrasonic or radio settings may be different. You can
change the settings for sensors manually by clicking on the panel on
the upper right corner of the Dashboard to change the cells from
gray to green to turn on sensor. It is recommended that the default
settings on all beacons and the modem be used if this is your first

time using the system.

4.3.28 After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable in 5-7 seconds.

4.3.29 The system is now fully operational.

- A
A
10.014] 4879
10.001 11.386| 10422
4.880| 11.38% 6632
10274 10.424| €827
clear map
Deots timeout
300
save sereenshot
=
freezs soiesn == -
D ..
x?m o
a5 o
s e
€« b,
=
el SET=T) w
b 22 b 23 b 24
wndle twndle wnilh vk D ses| O e | [ e somo| |
I} device 23 0 device 30 0 device 31 0 device 32 0 device 33 I} device 34 0 device 35 elase map

Connected: COM3 X:15.742, V:9.891

1 T12 total, 3 failed (0%)

{mMarvelmlnd

robotics



4.4 Starter Set NIA-SmallDrone

The steps below describe the very first time you set up the system. Mini-RX, Mini-
TX beacons and modem required.

Mini-RX and Mini-TX have different HW and SW from HW v4.9. Use Mini-RX SW
for Mini-RX beacons, Mini-TX SW for Mini-TX beacons, HW v4.9’s SW for HW
v4.9

4.4.1 Unpack the system. Take a look at a similar unpacking video of HW v4.9.
];E[ The videos have certain differences but the basic are the same:
https://youtu.be/sOce7B2 6Sk

4.4.2 Charge all the beacons using USB cable. Full charging takes about 1-2
hours

4.4.3 Turn the beacons on (To turn Mini-RXs on, carefully disassemble its
housing and find DIP switches inside. It is necessary only for the first
start. You can also turn it off with switches for long-term storage): Place
DIP switches as shown on the picture below

4.4.4 Download SW Pack
4.45 Update all the beacons:

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>

68
c{mMarvelmlnd

robotics


https://marvelmind.com/product/starter-set-nia-03-smalldrone/
https://youtu.be/sOce7B2_6Sk
https://marvelmind.com/pics/marvelmind_SW.zip

Program
A Dashboard - robots management V5.47 ultimate

File language View Firmware Substrate Help

'an Marvelmind| ™ %acnns available

robotics

o4 Y A

1D Firmware update: beacon 25 V5.74.30 SLP - X

Select file with firnware
File of firmuare

\ Open file

Cancel
clear map

Dots timeout
300

save screenshot

fieeze scisen

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it through
the link in the top window in the Dashboard and run the
installation file, then click on the link under and install the driver

Make sure that that:

c. You are programming the modem’s SW to the modem and
the beacon’s SW to the beacon

d. You are using SW for Mini-TX, if you have Mini-TX; and
you have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’'t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 4.4.6. If you
have some problems with HEX programming, use DFU
programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

- To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes (DIP switch in Mini-RX and Mini-TX situated
inside the body. Carefully disassemble the body to access it)

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:
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Put DIP switch into Power = ON, DFU = ON (DIP switch
in Mini-RX and Mini-TX situated inside the body. To
switch it, carefully disassemble the body)

Connect the beacon via USB to your PC
Run DfuSe
Press the RESET button on your beacon

In the upper left corner of the DfuSe program, you will see
a device connected in the DFU mode
Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4s3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Can Detach . .
ersion: Verzsion: | 2200
Enter DFLI mode/HID detach Leave DFU mode I:I -
Actions
Select Target(s): ] .
Targetld  Mame Available Sectors [Double Click for maore]
an Internal Flagh B4 zectars...
m Option Bytes 1 sectars...
Upload Action Upagrade or erify Action
File: File:
Vendar D Targets in file:
Choosze... Upload Procuct ID-

Tranzferred data zize

0 KB[0 Bytes) of 0 KB[D Bytes)

Wersion:

ety after doverload

[ 0ptimize Uparade duration [Femove some FFs)
Operation duration

000000 Choose... Upgrade “Werify
|

Abort Cluit

Click the UPGRADE button

After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

Move the DIP switch into Power = ON, DFU = OFF

Start the Dashboard and press the RESET button on the
beacon

Check SW on the beacon afterwards

Everything should be OK with SW now. DFU programming
is complete

Follow the same scenario for the modem:

Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming
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After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

1asay

led1 I
led2 I

Q) Marvelmind 3

robotics

2fe
&l e

e
12345678

Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW to a different one

Disconnect the short circuit

Start the Dashboard and press RESET button

If you have uploaded the latest firmware for all of the boards, you can start to
activate the system:

4.4.6 While the beacon or modem is connected to the Dashboard, click
the DEFAULT button on the Dashboard to upload the default

settings

1 map

Distances only mode

Supply voltage, V

Supply voltage motors, V 0.00

Coordinates (m), X ;Y 0.000 ; 0.000

Desired speed, % (0..100) 30

Speed base, cm/s 2000

Cument speed, cm.fs 0.0

Height, m (-320.000..320.000) 0.000

Height, m (-320.000. 320.000) 0.000 W

eset Sleep Wake up Time sync Zero IMU

R
D CTRL | = Deep =sleep Diefault &
0

Ototal, 0 failed (0%)
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4.4.7 Write down the beacon’s address for future use or change the
address at your convenience as shown here

4.4.8

449

4.4.10

4411

4.4.12

4.4.13

4.4.14

Heagenog moas Enapiea
Inwerse system enabled
Digtances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) a0
Time from reset, hom's 00:00:04 R
Measured temperature, “C 23
RS5I1, dBm iy .|
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming

After programming devices with the latest software, the modem and
beacons are ready for use

Place the stationary beacons high on the walls vertically in a way
that will provide optimal ultrasonic coverage. Write down the
beacon’s height for future change in the settings. The help video on
installation can be found here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

Wake up all beacons by selecting them in the Dashboard on the
panel

It may take up to 7-10 seconds for the beacons to wake up

——m—

[ Devicet Beacon2 |7] Beacon3 k-] Beacond |kf] BeaconS |[] DewiceS
[ Devicett D Devicel2 [T] Deviceld [] Deviceld [ ] DevicelS [ ] Devicel6
Connected: COM3

Indoor GPS

X: -0.186, Y: 0.098
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4.4.15

4.4.16

4.4.17

4.4.18

4.4.19

o 4.4.20

4421

4.4.22

4.4.23

Notice, that if the modem is not active and is not powered, the
beacons will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time
you are waking up the beacons. If this step does not work,
disconnect the modem and connect that beacon again via USB.
Press the DEFAULT button in the Dashboard and the Read All
button to make sure that the radio settings are the default ones

Check that the radio settings on the modem and the radio settings
on the beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on

the panel on the right corner of the Dashboard
Supply vottage, V 395
Desired speed, % (0..100) 30
Height. m (-320.000..320.000) 0.000
Time from reset, hm's 00:01:26 R
Measured temperature, T 23
RSS51. dBm -28
Radio frequency band 915 MHz
Canier frequency. MHz 915.000
Device address (0..254) 30
Radio channel 0
Uhltrasonic frequency. Hz (100..65000) 25000
Fitter selection IkHz

Enter the height of stationary beacons. Choose beacon in the list
and enter height value

Read all Write all

CPUID Copy to clipboard 013326

Firmware version V6.192 Super-Beacon
Power save functions enabled

Hedgehog mode enabled

Inverse system disabled

Distances only mode disabled

Supply voltage, V 395

Desire ==l
ht. m (-320.000..320.000) 0.000

Time from reset. hm's 00126 R
Measured temperature, T 23

RSS!, dBm 28

Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30

Radio channel 0

Uktrasonic frequency, Hz (100..65000) 25000

Filter selection 31 kHz

Enter the height for mobile beacon if you use 2D mode

In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected
beacons on the map, you may need to scroll to find their addresses

Double click on the device to put it into sleep mode or wake it up

Only 4 stationary beacons may be in 1 submap. If you wake up
more beacons, create a new submap for them, otherwise it will
not be displayed on the map and in the table of distances.

Build the map:

Mini-RX beacons cannot build the map automatically,
manual inputting of the coordinates is required
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Step 5. Open the Dashboard. You will see the table of
distances

Step 6. Use right mouse click on cell you want to enter the
distance. Additional menu will open. There you can
control the table of distances. Choose Enter
distance for pair to enter the value

A0 e

Freeze distance for pair

Freeze average for pair

Don't use distance

Freeze all

Unfreeze all
Enter distance for pair

Clear cell

Step 7. Now, enter measured (measure it with laser distance
meter or so) value. That values would not change
until you unfreeze or clear it. Even if beacons had
been moved, distance would stay. Be careful with
frozen cells because a small mistake can cause a
significant impact on your tracking

Step 8. Repeat for all cells

4.4.24 Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance
from the mobile beacon(s)

B

«+ | -freeze map
56 0co o< -
=
A
3ave map load map

erase map

146 total, 1 failed (1%)

];ﬂ 4.4.25 Turn on and wake up the mobile beacon following the same steps
as with the stationary beacon: https://youtu.be/AdaRs[H2- E

4.4.26 If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
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settings between beacons. For example, some sensors may be off
or some ultrasonic or radio settings may be different. You can
change the settings for sensors manually by clicking on the panel on
the upper right corner of the Dashboard to change the cells from
gray to green to turn on sensor. It is recommended that the default
settings on all beacons and the modem be used if this is your first
time using the system.

4.4.27 After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable in 5-7 seconds.

4.4.28 The system is now fully operational.

] A
A
10014] 2378 o
10.001 11386 10422
4.380] 11.335 6632 L —
10278 10224] 6627 R .
clear map
Dots timeout
300
12045
freszs screen i
z4n
® x
i=jood el s :
Y0000 Y=0.000
iR | Z3150 . .
& °
vesoes
Z153
| unfreeze map
[, /G B -] o
b 22 b 2 b 24
a0a 50 v B D device28 [ devicel7 [ deios28 p—

[ deviesd [ deviced0 [ devieed] [ device® [ devieedd [ deviee3 [ deviced5

Connected: COM3

X: 15.742, V:9.891

erase map
-

1 Ti2total, 3 failed (0%)
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4.5 Starter Set NIA-02-2D

The steps below describe the very first time you set up the system. Mini-RX, Mini-
TX beacons and modem required.

Mini-RX and Mini-TX have different HW and SW from HW v4.9. Use Mini-RX SW
for Mini-RX beacons, Mini-TX SW for Mini-TX beacons, HW v4.9’s SW for HW
v4.9

‘ m) T aaimind _
robotics

4.5.1 Unpack the system. Take a look at a similar unpacking video of HW v4.9.
];ﬂ The videos have certain differences but the basic are the same:
https://youtu.be/sOce7B2 6Sk

4.5.2 Charge all the beacons using USB cable. Full charging takes about 1-2
hours

4.5.3 Turn the beacons on (To turn Mini-RXs on, carefully disassemble its
housing and find DIP switches inside. It is necessary only for the first
start. You can also turn it off with switches for long-term storage): Place
DIP switches as shown on the picture below

45.4 Download SW Pack
45,5 Update all the beacons:

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
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Program
A Dashboard - robots management V5.47 ultimate

File language View Firmware Substrate Help

'an Marvelmind| ™ D@acnns available

robotics

o4 Y A

1D Firmware update: beacon 25 V5.74.30 SLP - X

Select file with firnware
File of firmuare

\ Open file

Cancel
clear map

Dots timeout
300

save screenshot

fieeze scisen

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it through
the link in the top window in the Dashboard and run the
installation file, then click on the link under and install the driver

Make sure that that:

e. You are programming the modem’s SW to the modem and
the beacon’s SW to the beacon

f.  You are using SW for Mini-TX, if you have Mini-TX; and
you have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 4.5.6. If you
have some problems with HEX programming, use DFU
programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

- To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes (DIP switch in Mini-RX and Mini-TX situated
inside the body. Carefully disassemble the body to access it)

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:
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Put DIP switch into Power = ON, DFU = ON (DIP switch
in Mini-RX and Mini-TX situated inside the body. To
switch it, carefully disassemble the body)

Connect the beacon via USB to your PC
Run DfuSe
Press the RESET button on your beacon

In the upper left corner of the DfuSe program, you will see
a device connected in the DFU mode
Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4s3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Can Detach . .
ersion: Verzsion: | 2200
Enter DFLI mode/HID detach Leave DFU mode I:I -
Actions
Select Target(s): ] .
Targetld  Mame Available Sectors [Double Click for maore]
an Internal Flagh B4 zectars...
m Option Bytes 1 sectars...
Upload Action Upagrade or erify Action
File: File:
Vendar D Targets in file:
Choosze... Upload Procuct ID-

Tranzferred data zize

0 KB[0 Bytes) of 0 KB[D Bytes)

Wersion:

ety after doverload

[ 0ptimize Uparade duration [Femove some FFs)
Operation duration

000000 Choose... Upgrade “Werify
|

Abort Cluit

Click the UPGRADE button

After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

Move the DIP switch into Power = ON, DFU = OFF

Start the Dashboard and press the RESET button on the
beacon

Check SW on the beacon afterwards

Everything should be OK with SW now. DFU programming
is complete

Follow the same scenario for the modem:

Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming
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After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

1358y

led1 I
led2 [

‘m)Marvelmmd

robotics

Modem e¢essss
N
SW2 ;2345678

Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW to a different one

Disconnect the short circuit

Start the Dashboard and press RESET button

If you have uploaded the latest firmware for all of the boards, you can start to
activate the system:

4.5.6 While the beacon or modem is connected to the Dashboard, click
the DEFAULT button on the Dashboard to upload the default

settings

imap

Distances only mode

Supply voltage,

Supply voltage motors, W 0.00

Coordinates (m), X ;Y 0.000 ; 0.000

Desired speed, % (0..100) 30

Speed base, cm/s 200.0

Cument speed, cm/s 0.0

Height, m (-320.000. . 320.000) 0.000

Height, m (-320.000. 320.000) 0.000 v
Rezet Sleep Wake up Time sync Zero (MU

D CTRL | = Deep sleep Diefault &

0 total, 0 failed (0%)
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457

45.8

459

4.5.10

4511

4512

45.13

45.14

Write down the beacon’s address for future use or change the

address at your

convenience

as shown here

Heagenog moas Enapiea
Inwerse system enabled
Digtances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) a0
Time from reset, hom's 00:00:04 R
Measured temperature, “C 23
RS5I1, dBm iy .|
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming

After programming devices with the latest software, the modem and
beacons are ready for use

Place the stationary beacons high on the walls vertically in a way
that will provide optimal ultrasonic coverage. Write down the
beacon’s height for future change in the settings. The help video on
installation can be found here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

Wake up all beacons by selecting them in the Dashboard on the
panel

It may take up to 7-10 seconds for the beacons to wake up

——m—

[ Devicet Beacon2 |7] Beacon3 k-] Beacond |kf] BeaconS |[] DewiceS
[ Devicett D Devicel2 [T] Deviceld [] Deviceld [ ] DevicelS [ ] Devicel6
Connected: COM3

Indoor GPS

X: -0.186, Y: 0.098
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4.5.15

45.16

4.5.17

4.5.18

4.5.19

o 4.5.20

4521

45.22

4.5.23

Notice, that if the modem is not active and is not powered, the
beacons will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time
you are waking up the beacons. If this step does not work,
disconnect the modem and connect that beacon again via USB.
Press the DEFAULT button in the Dashboard and the Read All
button to make sure that the radio settings are the default ones

Check that the radio settings on the modem and the radio settings
on the beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on

the panel on the right corner of the Dashboard
Supply vottage, V 395
Desired speed, % (0..100) 30
Height. m (-320.000..320.000) 0.000
Time from reset, hm's 00:01:26 R
Measured temperature, T 23
RSS51. dBm -28
Radio frequency band 915 MHz
Canier frequency. MHz 915.000
Device address (0..254) 30
Radio channel 0
Uhltrasonic frequency. Hz (100..65000) 25000
Fitter selection IkHz

Enter the height of stationary beacons. Choose beacon in the list
and enter height value

Read all Write all

CPUID Copy to clipboard 013326

Firmware version V6.192 Super-Beacon
Power save functions enabled

Hedgehog mode enabled

Inverse system disabled

Distances only mode disabled

Supply voltage, V 395

Desire ==l
ht. m (-320.000..320.000) 0.000

Time from reset. hm's 00126 R
Measured temperature, T 23

RSS!, dBm 28

Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30

Radio channel 0

Uktrasonic frequency, Hz (100..65000) 25000

Filter selection 31 kHz

Enter the height for mobile beacon if you use 2D mode

In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected
beacons on the map, you may need to scroll to find their addresses

Double click on the device to put it into sleep mode or wake it up

Only 4 stationary beacons may be in 1 submap. If you wake up
more beacons, create a new submap for them, otherwise it will
not be displayed on the map and in the table of distances.

Build the map:

Mini-RX beacons cannot build the map automatically,
manual inputting of the coordinates is required
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Step 9. Open the Dashboard. You will see the table of
distances

Step 10. Use right mouse click on cell you want to enter the
distance. Additional menu will open. There you can
control the table of distances. Choose Enter
distance for pair to enter the value

A0 e

Freeze distance for pair

Freeze average for pair

Don't use distance

Freeze all

Unfreeze all
Enter distance for pair

Clear cell

Step 11. Now, enter measured (measure it with laser distance
meter or so) value. That values would not change
until you unfreeze or clear it. Even if beacons had
been moved, distance would stay. Be careful with
frozen cells because a small mistake can cause a
significant impact on your tracking

Step 12. Repeat for all cells

4.5.24 Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance
from the mobile beacon(s)

B

DI ~
[ ]

A
3ave map load map

erase map

146 total, 1 failed (1%)

4.5.25 Turn on and wake up the mobile beacon following the same steps
as with the stationary beacon: https://youtu.be/AdaRsjH2- E

4.5.26 If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
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settings between beacons. For example, some sensors may be off
or some ultrasonic or radio settings may be different. You can
change the settings for sensors manually by clicking on the panel on
the upper right corner of the Dashboard to change the cells from
gray to green to turn on sensor. It is recommended that the default
settings on all beacons and the modem be used if this is your first
time using the system.

4.5.27 After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable in 5-7 seconds.

4.5.28 The system is now fully operational.

an A
A
10014] 4879
10001 11.386] 10422
4,880 11385 6632 o [ AGC
10.274( 10424] 6627 o .
clear map
Dots timeout
300
o2 545
freeze screen o)
z15%0
® x
0008 il 258 :
Y000 =000
=185 | Z=1.850 . -
g °
vetem
Z185
@ unfreeze map
e, EA /G B -] n
beacon 22 beacon 23 beacon 24 -
O device 29 O device 30 O device 31 ] device 32 ] device 33 O device 34 O device 35 . elase map

Connected: COM3 X: 15.742, V:9.891 1 T12 total, 3 failed (0%)
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4.6 Starter Set Industrial-NIA-01

The steps below describe the first set up of the system.

This is a Non-Inverse Architecture. You can find the description and comparison of
architectures here.

Pay attention: Industrial beacons have different HW and SW from HW v4.9. It
has different connectors, reset and DFU activation. Read more on Industrial
beacon page.

Industrial beacons have no battery, use power supply cable.

Use Industrial beacon’s SW for Industrial beacons, v4.9 for v4.9.

4.6.1 Unpack the system. Take a look at the similar unpacking video of HW
v4.9. They are different, but have some similar basics:
https://youtu.be/sOce7B2_6Sk

4.6.2 You do not have to charge Industrial beacons; they have no battery
4.6.3 You do not have to turn it on - Industrial beacons are permanently ON
4.6.4 Download SW Pack

4.6.5 Update all the beacons:

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program
A Dashboard - robots management V5.47 ultimate

File Language View Firmware Substrate Help

'an Marvelmind| ™ [:@m:uns available
robotics

f

I Firmware update: beacon 25 V5.74.30 SLP - X

Select file with fimware
File: of fimwsare

‘ Open file

Cancel
clear map

Dots timeout
300

save screenshot

freeze screen

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it with link
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at top window in the Dashboard and run the installation file, then
click on the link under and install the driver

Ensure that:

(e) You are programming the modem’s SW to the modem
and the beacon’s SW to the beacon

(f) You are using SW for 4.9, if you have HW v4.9; and you
have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 4.6.6. If you have
some problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

- After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

- Industrial beacons have magnetic DFU mode and reset

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:

Beacon board. Be double attentive with update

- Activate DFU mode and reset the beacon (Industrial
beacons have magnetic DFU mode and reset). Place first
magnet (any strong and modern magnet) to the right side
of the beacon (Step 1). After that, place second magnet
to the left side of the beacon and remove it in a second,
just to reset it (Step 2)

Step 1: DFU mode

Uploading Beacon Industrial’s (Not super) DFU software to Industrial
Super-Beacon hardware make permanently damage for Industrial Super-
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Step 2: Reset

Magnet examples

- Connect the beacon via USB to your PC
- Connect power supply cable to your beacon
- Run DfuSe

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode
- Choose the DFU driver (file) for the beacon

i DfuSe Demo (v3.0.3) — >
Awvailable DFU Devices
STM Davice in DFU Maode | Application Mode: DFU Mode:
) . Wendor |D: I:I Wendor ID: | 0483
Supports Upload I arifestation tolerant
Supparts Download #ccelerated Upload (5T) Procuct ID: I:I Pracuct 1D; | DF11
Can Detach . .
Wersion: Wersion: | 2200
Enter DFL mode/HID' detach Leave DFU mode I:I
Actions
Select Target(s) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flash Ed sectors...
m Option Bytes 1 gectors...
Upload Action Upagrade or Verify Action
File: File:
Yendor ID: Targets i file:
Choose... Upload Procuct ID-

Tranzferred data size

O KEB[0 Bytes) of 0 KB[D Bytes)

Wersion:

ity after davwnload

[ 0ptimize Uparade duration [Femove some FFs)
Operation duration

000000 Choose... Upgrade “Werify
|

Abort Cluit

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
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immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Start the Dashboard
- Reset the beacon again
- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete.
DFU Programming for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming.

- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

1358y

led1 [I
led2 [

Q) marvelmind g

robotics

b
Ele

Modem eesseees
cesseve e
SW2 3 2345678

- Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

- After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW to a different one.

- Disconnect the short circuit.

- Start the Dashboard and press RESET button.

If you have uploaded the latest firmware for all the boards, you can start to
activate the system:

4.6.6 While the beacon or modem is connected to the Dashboard, click
the DEFAULT button on the Dashboard to upload the default
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settings

Distances only mode

Supply voltage,

Supply voltage motors, W

0.00

Coordinates {m), X ;Y

0.000 ; 0.000

Desired speed, % (0..100)

30

Speed base, cm/s

200.0

Cument speed, cm/s

0.0

Height, m {-320.000.320.000)

0.000

Height, m (-320.000. 320.000)

0.000

imap Heset Sleep

D CTRL | | Deep sleep

Time sync Fero IMU

0 0 total, 0 failed (0%)

4.6.7 Write down the beacon’s address for future use or change the
address at your convenience as shown here

4.6.8

4.6.9

4.6.10

Heagenog moas

Inwerse system

Digtances only mode

Supply voltage, V

Desired speed, % (0..100)

Time from reset, h:m:s

Measured temperature, “C

RS5l, dBm

Radio frequency band

Camier frequency, MHz

Device address (0..254)

Radio channel

Utrasanic frequency, Hz (100..65000)

Fitter selection

MU

Parameters of radio

LItrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Real4ime player

Realtime player backward (0..127)

Realtime player forward (0..127)

Press the RESET (Industrial beacons have magnetic re button on

Enapiea
enabled
dizabled
370

n'a

n/a

disabled
3
5

your beacons and modem after programming

After programming devices with the latest software, the modem and

beacons are ready for use

Place the stationary beacons high on the walls vertically in a way
that will provide optimal ultrasonic coverage. Write down the
beacon’s height for future change in the settings. The help video on

installation can be found here - https://youtu.be/WYOHKLzmjys
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4.6.11
4.6.12
4.6.13

4.6.14

4.6.15

4.6.16

4.6.17

4.6.18

4.6.19

0

Connect the modem/router via USB to a Windows PC with the
Dashboard installed

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

Wake up all beacons by clicking on the buttons in the Dashboard on
the panel
It may take up to 7-10 seconds for the beacons to wake up

Indoor GPS

- - - Bl - |
[©] Beacon2 [4 Beacon3 /] Beacond |EA] Beacon5 [ ]| Dewicet
|:| Device!! [ ] Device12 [T] Device1ld [] Deviceld [ ] Devicels Device16

Connected: COM3 X: -0.186, Y: 0.098

Notice, that if the modem is not active and is not powered, the
beacons will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time
you are waking up the beacons. If this step does not work,
disconnect the modem and connect that beacon again via USB.
Press the DEFAULT button in the Dashboard and the Read All
button to make sure that the radio settings are the default ones

Check that the radio settings on the modem and the radio settings
on the beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on

the panel on the right corner of the Dashboard
Supply voltage, V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time from reset. hm:s 00:01:26 R
Measured temperature, C 23
RSSI, dBm -28
Radio frequency band 915 MHz
Canmier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Uktrasonic frequency, Hz (100..65000) 25000
Filter selection 31 kHz

Enter the height of stationary beacons. Choose beacon in the list
and enter height value

Read all Write all

CPUID Copy to clipboard 013326

Firmware version V6.192 Super-Beacon
Power save functions enabled

Hedgehog mode enabled

Inverse system disabled

Distances only mode disabled

Supply voltage, V 395

Desire ===
ht. m (-320.000..320.000) 0.000

Time from reset, hm's 0U:01:26 R
Measured temperature, T 23

RSS!, dBm 28

Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30

Radio channel 0

Uktrasonic frequency, Hz (100..65000) 25000

Filter selection 31 kHz

Enter the height for mobile beacon if you use 2D mode
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4.6.21 In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected
beacons on the map, you may need to scroll to find their addresses

4.6.22 Double click on the device to put it into sleep mode or wake it up

Only 4 stationary beacons may be in 1 submap. If you wake up more
beacons, create new submap for them. Or it won’t be displayed on

the map and in the table of distances
4.6.23 Build the map:

Industrial-RX beacons are not possible to build the
map automatically, so you have to build it manually

Step 1. Open the Dashboard. You will see the table of
distances

Step 2. Use right mouse click on cell you want to enter the
distance. Additional menu will open. There you can
control the table of distances. Choose Enter
distance for pair to enter the value

12.383| 10122
101011 12511 es Don't use distance
- Freeze all
Unfreeze all

Enter distance for pair

Clear cell

Step 3. Now, enter measured (measure it with laser distance
meter or so) value. That values would not change
until you unfreeze or clear it. Even if beacons had
been moved, distance would stay. Be careful with
frozen cells because a small mistake can cause a
huge impact on your tracking

Step 4. Repeat for all cells

4.6.24 Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance

Freeze distance for pair

Freeze average for pair
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from the mobile beacon(s)
B

«+ | -freeze map
56 0co o< -
=
3ave map load map

erase map

146 total, 1 failed (1%)

4.6.25 Turn on and wake up the mobile beacon following the same steps
as with the stationary beacon: https://youtu.be/Ad4aRsjH2- E

4.6.26 If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off
or some ultrasonic or radio settings may be different. You can
change the settings for sensors manually by clicking on the panel on
the upper right corner of the Dashboard to change the cells from
gray to green to turn on sensor. It is recommended that the default
settings on all beacons and the modem be used if this is your first
time using the system

4.6.27 After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable within 5-7 seconds

4.6.28 The system is now fully operational

an A
A
10014
10001 11.386] 10422
4380] 11385 6632 Lo
10274 10424] 6627 ° 9o .
clea map
Dots timeout
300
X2 545
fieezs soiean 5 50 5 5 Y48 550 550
SRS S
= x
=000 il 26
Y00 - =005 .
Z=1[a5) 21550 .
K e
Vetem
z188
[ 3 B ] i
by 22 by 22 by 24 -
wHHp ERE o wnk i ees O oess e serems| [leadmep
[] deviced [ deviced [ cdeviosd [ devies32 [ doviee3 [ devioe3 [ cevios35 . eemsp
Connected: COM3 X 15,742, V:9.891 1 Ti2total, 3 failed (0%)
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https://youtu.be/A4aRsjH2-_E

5. Setting up the system (IA)

5.1 Starter Set Super-MP-3D

The steps below describe the very first time you set up of the system. Super-Beacons
with different ultrasonic frequencies and modem required.

This is Inverse Architecture. Super-Beacons should have different
frequencies. Use IA Software ONLY.
You can’t just switch Super-Beacon to another frequency, it is HW depended

Ultrasonic can't be changed to default. You must check the frequency on the
white sticker

5.1.1 Unpack the system. Take a look at the similar unpacking video of HW
];E[ v4.9. They are different, but have some similar basics:
https://youtu.be/sOce7B2_6Sk

5.1.2 Charge all the beacons using USB cable. Full charging takes about 2-4
hours

5.1.3 Turn the beacons on: Place DIP switches as shown on the picture below

5.1.4 Download SW Pack
5.1.5 Update all the beacons

- You need Inverse Architecture SW (go to
marvelmind_SW_xxx_xx_xx\Software_ia)
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https://youtu.be/sOce7B2_6Sk
https://marvelmind.com/pics/marvelmind_SW.zip

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program
o
File Llanguage View Firmware Substrate Help

m] Marvelmind| ™ beaWs available

robotics

1D Firmware update: beacon 25 V5.74.30 SLP - X

Select file with firnware
File of firmuare

\ Open file

Cancel
clear map

Dots timeout
300

save screenshot

fieeze scisen

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it with link
at top window in the Dashboard and run the installation file, then
click on the link under and install the driver

Ensure that:

(g9) You are programming the modem’s SW to the modem
and the beacon’s SW to the beacon

(h) You are using SW for 4.9, if you have HW v4.9; and you
have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 5.1.6. If you have
some problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

- After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

- To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:
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https://marvelmind.com/pics/marvelmind_SW.zip
http://www.marvelmind.com/downloads/Software.zip
http://www.marvelmind.com/downloads/DFU/DfuSe_Demo_V3.0.5_Setup.exe

- Put DIP switch into Power = ON, DFU = ON
- Connect the beacon via USB to your PC.

- Run DfuSe.

- Press the RESET button on your beacon.

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode.
- Choose the DFU driver (file) for the beacon.

i DfuSe Demo (v3.0.3) — *

Awvailable DFU Devices
STM Davice in DFU Maode | Application Mode: DFU Mode:

) . Wendor |D: I:I Wendor ID: | 0483
Supports Upload I arifestation tolerant
Supparts Download #ccelerated Upload (5T) Procuct ID: I:I Pracuct 1D; | DF11
Can Detach . .
Wersion: Wersion: | 2200
Enter DFL mode/HID' detach Leave DFU mode I:I
Actions
Select Target(s) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flash Ed sectors...
m Option Bytes 1 gectors...
Upload Action Upagrade or Verify Action
File: File:
Yendor ID: Targets i file:
Choose... Upload Procuct ID-

Tranzferred data size

O KEB[0 Bytes) of 0 KB[D Bytes)

Wersion:

ity after davwnload

[ 0ptimize Uparade duration [Femove some FFs)
Operation duration

000000 Choose... Upgrade “Werify
|

Abort Cluit

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Move the DIP switch into Power = ON, DFU = OFF

- Start the Dashboard and press the RESET button on the
beacon

- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete
Follow the same scenario for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming.
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- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

1358y

led1 I
led2 [

‘m)Marvelmmd

robotics

Modem e¢essss
N
SW2 ;2345678

- Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

- After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen immediately. Otherwise, the SW has not uploaded
correctly. If the DFU appears to upload immediately, check
the "Choose" button you used or change the version of
DfuSe SW to a different one.

- Disconnect the short circuit.

- Start the Dashboard and press RESET button

If you have uploaded the latest firmware for all of the boards, you can start to activate

the system:

5.1.6  While the beacon or modem is connected to the Dashboard, click the
DEFAULT button on the Dashboard to upload the default settings

1 map

Distances only mode

Supply voltage, V

Supply voltage motors, V 0.00

Coordinates (m), X ;Y 0,000 ; 0000

Desired speed, % (0..100) 30

Speed base, cm/s 200.0

Cument speed, cm.s 00

Height, m {-320.000..320.000) 0.000

Height, m {-320.000..320.000) 0.000 W

eset Sleep Wake up Time sync Zero MU

R
D CTRL | @ Deep =leep Default &
0

0total, 0 failed (0%)
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5.1.7

5.1.8

5.1.9

5.1.10

51.11

5.1.12

5.1.13

5.1.14

Write down the beacon’s address for future use or change the address

at your convenience as shown here

Heagenog moas enaoiea
Inverse system enabled
Distances only mode dizabled
Supply voltage, V 370
Desired speed, % (0..100) 30
Time from reset, homs 00:00:04 R
Measured temperature, “C 23
RS5I, dBm 74
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming.

After programming devices with the latest software, the modem and
beacons are ready for use.

Place the stationary beacons high on the walls vertically in a way that will
provide optimal ultrasonic coverage. \Write down the beacon’s height for
future change in the settings. The help video on installation can be found
here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed.

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected.

Wake up all beacons by clicking on the buttons in the Dashboard on the
panel.

It may take up to 7-10 seconds for the beacons to wake up

————

[ Devicet Beacon2 |7] Beacon3 k-] Beacond |kf] BeaconS |[] DewiceS
[ Devicett D Devicel2 [T] Deviceld [] Deviceld [ ] DevicelS [ ] Devicel6
Connected: COM3

Indoor GPS

X: -0.186, Y: 0.098
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https://youtu.be/vm-nCAJrmVU
https://youtu.be/vm-nCAJrmVU
https://youtu.be/WY0HkLzmjys
https://youtu.be/WY0HkLzmjys
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5.1.15

5.1.16

5.1.17

5.1.18

5.1.19

5.1.20
5121

5.1.22

5.1.23

Notice, that if the modem is not active and is not powered, the beacons
will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time you
are waking up the beacons. If this step does not work, disconnect the
modem and connect that beacon again via USB. Press the DEFAULT
button in the Dashboard and the Read All button to make sure that the
radio settings are the default ones

Check that the radio settings on the modem and the radio settings on the
beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the

panel on the right corner of the Dashboard
Supply voltage, V 395
Desired speed, % (0..100) 30

Height. m (-320.000..320.000) 0.000

Time from reset, hm:s 00:01:26 R
Measured temperature, T 23

RSS5I. dBm -28

Radio frequency band 915 MHz
Carier frequency, MHz 919.000
Device address (0..254) 30

Radio channel 0

Ultrasonic frequency. Hz (100..65000) 25000

Fiter selection 3 kHz

Only 4 stationary beacons may be in 1 submap. If you wake up more
beacons, create new submap for them. Or it won’t be displayed on
the map and in the table of distances.

Enter the height of stationary beacons. Choose beacon in the list and
enter height value

Read all Write all

CPUID Copy to clipboard 013326

Firmware version V6.192 Super-Beacon
Power save functions enabled

Hedgehog mode enabled

Inverse system disabled

Distances only mode disabled

Supply vottage, V 395

Desired el
Cight. m (:320.000.320.000) _;D
Time from reset, hm's 0lT:26 R
Measured temperature, T 23

RSS5I, dBm 28

Radio frequency band 915 MHz

Carier frequency, MHz 915.000

Device address (0. 254) 30

Radio channel 0

Uhltrasonic frequency. Hz (100..65000) 25000

Fitter selection IkHz

Enter the height for mobile beacon if you use 2D mode

In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected beacons
on the map, you may need to scroll to find their addresses

Double click on the device both to put it into sleep mode and to wake it
up

The map will form and zoom in automatically
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5.1.24

5.1.25

5.1.26

5.1.27

5.1.28

5.1.29

5.1.30

If the map does not form well, check the table of distances in the left
corner of the Dashboard. The cells must be colored in white; it means the
distances between stationary beacons are measured correctly

i Dashboard - robots management V3.47 ultimate

File Language View Firmware Substrate Help

'Q]) Marvelmind

robotics

4

10354 11.365
10.354 6.621

11.365] 6621
5592 10262 4873

[ —

clear map

Dots timeout
300 z

save scieenshot . . . . . . . . . . . *=1.

If you see in the table some empty cells or marked yellow/red, it is an
indication that distances between Some beacons are measured
inconsistently or not measured at all. Try to re-position them because
usually there is an obstruction of some sort in the between the beacons.
If you have any problems — check Table of distances chapter

Make a service zone, clicking on the map with Shift+Left Mouse Button.
See Submaps chapter for more details

Freeze submap and by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance from
the mobile beacon(s).

DI ERRR >
- [ ]
-

2aYE Map load map

erage map

146 total, 1 failed (1%)

Turn on and wake up the mobile beacon following the same steps as with
the stationary beacon: https://youtu.be/AdaRs[H2- E

If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off or
some ultrasonic or radio settings may be different. You can change the
settings for sensors manually by clicking on the panel on the upper right
corner of the Dashboard to change the cells from gray to green to turn
on sensor. Itis recommended that the default settings on all beacons and
the modem be used if this is your first time using the system.

After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable in 5-7 seconds.
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SESEHSHTN

----- - freeze map

..... P+ o+ s v+ v tEm
=
A
save map load map
E1a3e Map

146 total, 1 failed (1%)

5.1.31 The system is now fully operational.
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5.2 Starter Set IA-01-2D

The steps below describe the very first time you set up of the system. Mini-RX-
beacon, HW v4.9 beacons and modem required.

This is Inverse Architecture. Beacons HW v4.9 should have different
frequencies. Use IA Software ONLY.

You can’t just switch HW v4.9 beacon to another frequency, it is HW depended

Ultrasonic can't be changed to default. You must check the frequency on the
white sticker

Q) Marveimind

robotics

5.2.1 Unpack the system. Take a look at the similar unpacking video of HW
];ﬂ v4.9. They are different, but have some similar basics:
https://youtu.be/sOce7B2_6Sk

5.2.2 Charge all the beacons using USB cable. Full charging takes about 1-2
hours

5.2.3 Turn the beacons on (To turn Mini-RXs on, carefully disassemble its
housing and find DIP switches inside. It is necessary only for the first
start. You can also turn it off with switches for long-term storage): Place
DIP switches as shown on the picture below

5.2.4 Download SW Pack
5.2.5 Update all the beacons

- You need Inverse Architecture SW (go to
marvelmind_SW_xxx_xx_xx\Software_ia)
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https://marvelmind.com/product/starter-set-ia-01/
https://youtu.be/sOce7B2_6Sk
https://marvelmind.com/pics/marvelmind_SW.zip

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program
o
File Llanguage View Firmware Substrate Help

m] Marvelmind| ™ beaWs available

robotics

1D Firmware update: beacon 25 V5.74.30 SLP - X

Select file with firnware
File of firmuare

\ Open file

Cancel
clear map

Dots timeout
300

save screenshot

fieeze scisen

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it with link
at top window in the Dashboard and run the installation file, then
click on the link under and install the driver

Ensure that:

(i) You are programming the modem’s SW to the modem
and the beacon’s SW to the beacon

() You are using SW for 4.9, if you have HW v4.9; and you
have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 6.1.7. If you have
some problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

- After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

- To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:
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https://marvelmind.com/pics/marvelmind_SW.zip
http://www.marvelmind.com/downloads/Software.zip
http://www.marvelmind.com/downloads/DFU/DfuSe_Demo_V3.0.5_Setup.exe

- Put DIP switch into Power = ON, DFU = ON (DIP switch
in Mini-RX and situated inside the body. To switch it,
carefully disassemble the body).

- Connect the beacon via USB to your PC.
- Run DfuSe.
- Press the RESET button on your beacon.

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode.
- Choose the DFU driver (file) for the beacon.

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4s3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Can Detach . .
ersion: Verzsion: | 2200
Enter DFLI mode/HID detach Leave DFU mode I:I -
Actions
Select Target(s): ] .
Targetld  Mame Available Sectors [Double Click for maore]
an Internal Flagh B4 zectars...
m Option Bytes 1 sectars...
Upload Action Upagrade or erify Action
File: File:
Vendar D Targets in file:
Choosze... Upload Procuct ID-

Tranzferred data zize

0 KB[0 Bytes) of 0 KB[D Bytes)

Wersion:

ety after doverload

[ 0ptimize Uparade duration [Femove some FFs)
Operation duration

000000 Choose... Upgrade “Werify
|

Abort Cluit

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Move the DIP switch into Power = ON, DFU = OFF

- Start the Dashboard and press the RESET button on the
beacon

- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete
Follow the same scenario for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming.
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http://www.marvelmind.com/forum/viewtopic.php?f=2&t=294

103

- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

1358y

led1 I
led2 [
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Modem e¢essss
N
SW2 ;2345678

- Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

- After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen immediately. Otherwise, the SW has not uploaded
correctly. If the DFU appears to upload immediately, check
the "Choose" button you used or change the version of
DfuSe SW to a different one.

- Disconnect the short circuit.

- Start the Dashboard and press RESET button

If you have uploaded the latest firmware for all the boards, you can start to activate

the system:

5.2.6 While the beacon or modem is connected to the Dashboard, click the
DEFAULT button on the Dashboard to upload the default settings

1map

Distances only mode

Supply voltage, V

Supply voltage motors, W 0.00

Coordinates im), X ;Y 0.000 ; 0.000

Desired speed, % (0..100) 30

Speed base, cm/s 200.0

Cument speed, cm/'s 00

Height, m (-320.000..320.000) 0.000

Height, m (-320.000._320.000) 0.000 v
Rezet Sleep Wake up Time sync Fero IMU

|:| CTRL Deep sleep Default &

0 total, 0 failed (0%
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5.2.7

5.2.8

5.2.9

5.2.10

5211

5.2.12

5.2.13

5214

Write down the beacon’s address for future use or change the address

at your convenience as shown here

Heagenog moas enaoiea
Inverse system enabled
Distances only mode dizabled
Supply voltage, V 370
Desired speed, % (0..100) 30
Time from reset, homs 00:00:04 R
Measured temperature, “C 23
RS5I, dBm 74
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming.

After programming devices with the latest software, the modem and
beacons are ready for use.

Place the stationary beacons high on the walls vertically in a way that will
provide optimal ultrasonic coverage. \Write down the beacon’s height for
future change in the settings. The help video on installation can be found
here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed.

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected.

Wake up all beacons by clicking on the buttons in the Dashboard on the
panel.

It may take up to 7-10 seconds for the beacons to wake up

————

[ Devicet Beacon2 |7] Beacon3 k-] Beacond |kf] BeaconS |[] DewiceS
[ Devicett D Devicel2 [T] Deviceld [] Deviceld [ ] DevicelS [ ] Devicel6
Connected: COM3

Indoor GPS

X: -0.186, Y: 0.098
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https://youtu.be/vm-nCAJrmVU
https://youtu.be/vm-nCAJrmVU
https://youtu.be/WY0HkLzmjys
https://youtu.be/WY0HkLzmjys

5.2.15

5.2.16

5.2.17

5.2.18

5.2.19

o 5.2.20

5221

5.2.22
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Notice, that if the modem is not active and is not powered, the beacons
will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time you
are waking up the beacons. If this step does not work, disconnect the
modem and connect that beacon again via USB. Press the DEFAULT
button in the Dashboard and the Read All button to make sure that the
radio settings are the default ones

Check that the radio settings on the modem and the radio settings on the
beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the

panel on the right corner of the Dashboard
Supply vottage, V 395
Desired speed, % (0..100) 30

Height. m (-320.000..320.000) 0.000

Time from reset, hm:s 00:01:26 R
Measured temperature, T 23

RSS5I. dBm -28

Radio frequency band 915 MHz
Canier frequency, MHz $15.000
Device address (0..254) 30

Radio channel 0

Ultrasonic frequency. Hz (100..65000) 25000

Fiter selection 3 kHz

Enter the height of stationary beacons. Choose beacon in the list and
enter height value

Read all Write all

CPUID

Fimware version

013326
V6.192 Super-Beacon
enabled

Copy to clipboard

Power save functions

Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled

Supply vottage, V 395

Desire ==l
ht. m (-320.000..320.000) 0.000

Time from reset. hm's 00126 R
Measured temperature, T 23

RSS!, dBm 28

Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30

Radio channel 0

Uktrasonic frequency, Hz (100..65000) 25000

Filter selection 31 kHz

Enter the height for mobile beacon if you use 2D mode

In current version one modem supports 250 beacons (mobile + stationary
combined). If you do not see some of your connected beacons on the
map, you may need to scroll to find their addresses.

Only 4 stationary beacons may be in 1 submap. If you wake up
more beacons, create new submap for them. Or it won’t be
displayed on the map and in the table of distances.

Build the map:

Beacons with different frequencies are not able to build
the map automatically, so you have to build it manually

Step 1. Open the Dashboard. You will see the table of distances.
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Step 2. Use right mouse click on cell you want to enter the
distance. Additional menu will open. There you can
control the table of distances. Choose Enter distance
for pair to enter the value.

A0 e

Freeze distance for pair
Freeze average for pair

Don't use distance

Freeze all

Unfreeze all
Enter distance for pair

Clear cell

Step 3. Now, enter measured (measure it with laser distance
meter or so) value. That values would not change until
you unfreeze or clear it. Even if beacons had been
moved, distance would stay. Be careful with frozen cells
because a small mistake can cause a huge impact on

your tracking.

Step 4. Repeat for all cells.

5.2.23 Freeze submap and by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance from

the mobile beacon(s).

B

DI ERRR >
- [ |
-

2aYE Map load map

erage map

146 total, 1 failed (1%)

5.2.24 Turn on and wake up the mobile beacon following the same steps as with
the stationary beacon: https://youtu.be/Ad4aRsjH2- E

5.2.25 If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off or
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some ultrasonic or radio settings may be different. You can change the
settings for sensors manually by clicking on the panel on the upper right
corner of the Dashboard to change the cells from gray to green to turn
on sensor. Itis recommended that the default settings on all beacons and
the modem be used if this is your first time using the system.

5.2.26 After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable in 5-7 seconds.

NI ~
s

..... s+« + s+ s+ spm
—=

save map load map
E1a3e Map

146 total, 1 failed (1%)

5.2.27 The system is now fully operational.
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5.3 Starter Set |IA-02-3D

The steps below describe the very first time you set up of the system. Mini-RX-
beacon, HW v4.9 beacons and modem required.

This is

Inverse Architecture. Beacons HW v4.9 should have different
frequencies. Use |IA Software ONLY.

You can’t just switch HW v4.9 beacon to another frequency, it is HW depended

Ultrasonic can't be changed to default. You must check the frequency on the

white sticker

531

53.2

5.3.3

534
5.35

Unpack the system. Take a look at the similar unpacking video of HW
v4.9. They are different, but have some similar basics:
https://youtu.be/sOce7B2 6Sk

Charge all the beacons using USB cable. Full charging takes about 1-2
hours

Turn the beacons on (To turn Mini-RXs on, carefully disassemble its
housing and find DIP switches inside. It is necessary only for the first
start. You can also turn it off with switches for long-term storage): Place

DIP switches as shown on the picture below

Download SW Pack
Update all the beacons

- You need Inverse Architecture SW (go to
marvelmind_SW_xxx_xx_xx\Software_ia)
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https://marvelmind.com/product/starter-set-ia-02-3d/
https://youtu.be/sOce7B2_6Sk
https://marvelmind.com/pics/marvelmind_SW.zip

— Run the Dashboard and update the SW for all beacons and
modem using Dashboard => Firmware => Choose the file =>
Program
o
File Llanguage View Firmware Substrate Help

m] Marvelmind| ™ bea{%ﬂs available

robotics

1D Firmware update: beacon 25 V5.74.30 SLP - X

Select file with firnware
File of firmuare

\ Open file

Cancel
clear map

Dots timeout
300

save screenshot

fieeze scisen

— If you see the message “Not found modem connection to
computer through USB” in the Dashboard or your PC does not
recognize beacons/modem, it usually means that the STM32
driver is not installed. To install the driver, download it with link
at top window in the Dashboard and run the installation file, then
click on the link under and install the driver

Ensure that:

(k) You are programming the modem’s SW to the modem
and the beacon’s SW to the beacon

() You are using SW for 4.9, if you have HW v4.9; and you
have the SW from the same SW pack, i.e., the
Dashboard SW, modem SW, and beacon SW must be
from the same SW pack. Don’t mix SW releases

If SW flashed SUCESSUFLY, MOVE DIRECTLY TO 5.2.6. If you have
some problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in
the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

- After the DFU SW upgrade, futures SW upgrades can be done
in a regular manner via the Dashboard

- To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP
switch modes

- Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.4 or v3.0.5,
whichever works the best for your Windows: DfuSe v3.0.4 or
DfuSe v.3.0.5

DFU Programming:
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https://marvelmind.com/pics/marvelmind_SW.zip
http://www.marvelmind.com/downloads/Software.zip
http://www.marvelmind.com/downloads/DFU/DfuSe_Demo_V3.0.5_Setup.exe

- Put DIP switch into Power = ON, DFU = ON (DIP switch
in Mini-RX and situated inside the body. To switch it,
carefully disassemble the body).

- Connect the beacon via USB to your PC.
- Run DfuSe.
- Press the RESET button on your beacon.

- Inthe upper left corner of the DfuSe program, you will see
a device connected in the DFU mode.
- Choose the DFU driver (file) for the beacon.

& DfuSe Demo (v3.0.5) — *

Available DFU Devices
5TH Diavice in DFU Maode | Application Mode: DFL Maode:

- VendoriD: | | VendorD: [n4s3
Supports Upload I anifestation talerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 10; | DFT1
Can Detach . .
ersion: Verzsion: | 2200
Enter DFLI mode/HID detach Leave DFU mode I:I -
Actions
Select Target(s): ] .
Targetld  Mame Available Sectors [Double Click for maore]
an Internal Flagh B4 zectars...
m Option Bytes 1 sectars...
Upload Action Upagrade or erify Action
File: File:
Vendar D Targets in file:
Choosze... Upload Procuct ID-

Tranzferred data zize

0 KB[0 Bytes) of 0 KB[D Bytes)

Wersion:

ety after doverload

[ 0ptimize Uparade duration [Femove some FFs)
Operation duration

000000 Choose... Upgrade “Werify
|

Abort Cluit

- Click the UPGRADE button

- After a couple of seconds, the DFU will be uploaded to the
beacon. Make sure it takes 1-3 seconds and does not
happen instantly. Otherwise, the SW has not been
uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or
change the version of DfuSe SW you selected

- Move the DIP switch into Power = ON, DFU = OFF

- Start the Dashboard and press the RESET button on the
beacon

- Check SW on the beacon afterwards
- Everything should be OK with SW now. DFU programming
is complete
Follow the same scenario for the modem:

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming.
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http://www.marvelmind.com/forum/viewtopic.php?f=2&t=294

- After uploading DFU driver by DfuSe short circuit pins as
shown on the picture (for v4.9) and press Reset button

1358y

led1 I
led2 [

‘m)Marvelmmd

robotics

Modem e¢essss
N
SW2 ;2345678

- Modem will go to DFU mode. Press UPGRADE button in
the DfuSe program

- After a couple of seconds, the DFU will be uploaded to the
modem. Make sure it takes 1-3 seconds and does not
happen immediately. Otherwise, the SW has not uploaded
correctly. If the DFU appears to upload immediately, check
the "Choose" button you used or change the version of
DfuSe SW to a different one.

- Disconnect the short circuit.

- Start the Dashboard and press RESET button
If you have uploaded the latest firmware for all of the boards, you can start to activate
the system:

5.3.6  While the beacon or modem is connected to the Dashboard, click the
DEFAULT button on the Dashboard to upload the default settings

Distances only mode

Supply voltage, V

Supply voltage motors, V 0.00

Coordinates (m), X ;Y 0,000 ; 0000

Desired speed, % (0..100) 30

Speed base, cm/s 200.0

Cument speed, cm.s 00

Height, m {-320.000..320.000) 0.000

Height, m {-320.000..320.000) 0.000 W

1 map eset Sleep Wake up Time sync Zero IMU

R
D CTRL | @ Deep =leep Default &
0

0total, 0 failed (0%)
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5.3.7

5.3.8

5.3.9

5.3.10

53.11

5.3.12

5.3.13

5.3.14

Write down the beacon’s address for future use or change the address

at your convenience as shown here

Heagenog moas enaoiea
Inverse system enabled
Distances only mode dizabled
Supply voltage, V 370
Desired speed, % (0..100) 30
Time from reset, homs 00:00:04 R
Measured temperature, “C 23
RS5I, dBm 74
Radio frequency band 515 MHz
Camier frequency, MHz .
Device address (0..254) 154
Radio channel

Utrasonic frequency, Hz (100..65000) n/a
Fitter selection n/a

ML

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Real4ime player backward (0..127) 3
Realtime player forward (0..127) L

Press the RESET button on your beacons and modem after
programming.

After programming devices with the latest software, the modem and
beacons are ready for use.

Place the stationary beacons high on the walls vertically in a way that will
provide optimal ultrasonic coverage. \Write down the beacon’s height for
future change in the settings. The help video on installation can be found
here - https://youtu.be/WYOHKLzmjys

Connect the modem/router via USB to a Windows PC with the
Dashboard installed.

Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected.

Wake up all beacons by clicking on the buttons in the Dashboard on the
panel.

It may take up to 7-10 seconds for the beacons to wake up

————

[ Devicet Beacon2 |7] Beacon3 k-] Beacond |kf] BeaconS |[] DewiceS
[ Devicett D Devicel2 [T] Deviceld [] Deviceld [ ] DevicelS [ ] Devicel6
Connected: COM3

Indoor GPS

X: -0.186, Y: 0.098
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https://youtu.be/vm-nCAJrmVU
https://youtu.be/vm-nCAJrmVU
https://youtu.be/WY0HkLzmjys
https://youtu.be/WY0HkLzmjys
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5.3.15

5.3.16

5.3.17

5.3.18

5.3.19

o 5.3.20

5.3.21

5.3.22

Notice, that if the modem is not active and is not powered, the beacons
will go into sleep mode automatically after 1 minute

The system may run the frequency search, if it is the very first time you
are waking up the beacons. If this step does not work, disconnect the
modem and connect that beacon again via USB. Press the DEFAULT
button in the Dashboard and the Read All button to make sure that the
radio settings are the default ones

Check that the radio settings on the modem and the radio settings on the
beacon are the same

Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the

panel on the right corner of the Dashboard
Supply vottage, V 395
Desired speed, % (0..100) 30

Height. m (-320.000..320.000) 0.000

Time from reset, hm:s 00:01:26 R
Measured temperature, T 23

RSS5I. dBm -28

Radio frequency band 915 MHz
Canier frequency, MHz $15.000
Device address (0..254) 30

Radio channel 0

Ultrasonic frequency. Hz (100..65000) 25000

Fiter selection 3 kHz

Enter the height of stationary beacons. Choose beacon in the list and
enter height value

Read all Write all

CPUID

Fimware version

013326
V6.192 Super-Beacon
enabled

Copy to clipboard

Power save functions

Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled

Supply vottage, V 395

Desire ==l
ht. m (-320.000..320.000) 0.000

Time from reset. hm's 00126 R
Measured temperature, T 23

RSS!, dBm 28

Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30

Radio channel 0

Uktrasonic frequency, Hz (100..65000) 25000

Filter selection 31 kHz

Enter the height for mobile beacon if you use 2D mode

In current version one modem supports 250 beacons (mobile + stationary
combined). If you do not see some of your connected beacons on the
map, you may need to scroll to find their addresses.

Only 4 stationary beacons may be in 1 submap. If you wake up more
beacons, create new submap for them. Or it won’t be displayed on
the map and in the table of distances.

Build the map:

Beacons with different frequencies are not able to build the map
automatically, so you have to build it manually

Step 5. Open the Dashboard. You will see the table of
distances.
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Step 6. Use right mouse click on cell you want to enter the
distance. Additional menu will open. There you can
control the table of distances. Choose Enter
distance for pair to enter the value.

A0 e

Freeze distance for pair

Freeze average for pair

Don't use distance

Freeze all

Unfreeze all
Enter distance for pair

Clear cell

Step 7. Now, enter measured (measure it with laser distance
meter or so) value. That values would not change until
you unfreeze or clear it. Even if beacons had been
moved, distance would stay. Be careful with frozen
cells because a small mistake can cause a huge
impact on your tracking.

Step 8. Repeat for all cells.

5.3.23 Freeze submap and by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance from
the mobile beacon(s).

DI ERRR >
- [ |
-

2aYE Map load map

erage map

146 total, 1 failed (1%)

];ﬂ 5.3.24 Turn on and wake up the mobile beacon following the same steps as with
the stationary beacon: https://youtu.be/Ad4aRsjH2- E

5.3.25 If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the
settings between beacons. For example, some sensors may be off or
114
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some ultrasonic or radio settings may be different. You can change the
settings for sensors manually by clicking on the panel on the upper right
corner of the Dashboard to change the cells from gray to green to turn
on sensor. It is recommended that the default settings on all beacons and
the modem be used if this is your first time using the system.

5.3.26 After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable in 5-7 seconds.

NI ~
s

..... s+« + s+ s+ spm
—=

save map load map
E1a3e Map

146 total, 1 failed (1%)

5.3.27 The system is now fully operational.
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6. Dashboard menu and parameters

6.1 Dashboard general view

- This picture shows the Dashboard’s general interface and items’ positions

Table of Visualization Modem/beacon’s
distances window settings bar

Er N —
Visualization Ceiling and
settings mirroring buttons
Modem
Devices list Modem/beacon’s
Map settings quick control panel
116
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6.2 Table of distances

Table of distances shows the measured distance between all beacons. The map and its graphical
visualization depend on distances, which is a very important part of the system.

There are two ways of measuring:

1) Measuring by ultrasound (automatic)
2) Measuring by user (manual)

*Measuring by ultrasound is impossible for Mini-RX and Industrial-RX beacons

*In noisy cases and cases with long distances it is better to use manual input

1) Measuring by ultrasound:

- In most cases, the system builds the table of distances automatically. If everything is
good, there would be figures in cells, they would be changing a little; the color of each
cell would be white

- If color differs, check the colors’ definitions (next page) and solve the problem

- Freeze the map only if cells are white

2) Measuring by user (necessary for Mini-RX beacons and noisy cases):

- Use manual input if table of distances didn’t build. It may happen if environment is
very noisy, or distances are very huge

- Inthat case, cells’ color would be green
- Be careful with figures because a small mistake in the values will cause mistakes in
location
How to freeze/enter distance manually:

Step 1. Open the Dashboard. You will see the table of distances

Step 2. Use right mouse click on cell you want to freeze/enter. Additional
menu will open. There you can control the table of distances.
Choose Freeze distance for pair to freeze it

in 404

Freeze distance for pair

Freeze average for pair

Dont use distance

Freeze all

Unfreeze all
Enter distance for pair

Clear cell
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Step 3. Now, cells are frozen. That values would not change until you
unfreeze it. Even if beacons had been moved, distance would
stay. Be careful with frozen cells because a small mistake can
cause a huge impact on your tracking

Step 4. Repeat for all cells

White means that everything is good, you can freeze the map

- Yellow means that something seems to be wrong, check distances and sensors before freezing

- - Red means some critical misses, DO NOT freeze the map. Manually measure and enter distances

Green means frozen distance, you can freeze the map, but be careful with values
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6.3 Devices list

Devices list contains information about all the beacons in the system. It also allows to search, add
and delete it.

[[] Devicess |[] DevicesT |[] DeviceSs [] Device60 |[] Devices1 |[] Dewice62 |[] DewiceS3 |[] Device84 | [] DeviceS | [] Devicegb
[] Devices? [[] Devicess D Device72 Device73 | [] Device74  [] DeviceTs Device7T6 [ ]| Devicel7

Connected: COM3 X:0.195, ¥: -0.151 0 75 total, O failed (0%)

Devices in this section are divided into two types:
1) Stationary beacon (beacon)
2) Mobile beacon (hedge)

- Devices list allows user to manage devices
- Use doubile click to put beacon into sleep mode

1) Stationary beacon (beacon)
- Press right mouse button and additional menu will open

- There you can:

- Remove beacon from current submap
- Remove beacon from the whole network
- Manually setup coordinates (X, Y, z)

Remove from current submap
Remowve from network
Manual setup coordinates

beacon 77 CrorTTTT———
¥h.92a.30 ¥5.92a.30

2) Mobile beacon (hedge)
- Press right mouse button and additional menu will open
- There you can:

- Remove beacon from the network
- Setup movement path

- Upload zones (allowed and denied)
- Manually setup coordinates (X, Yy, z)

Remowve from netweork
Setup movernent path
Upload zones

Manual setup coordinates

hedoe 94 TG
¥5.92a.31 ¥5.92a.31
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6.4 Visualization settings

Visualization settings window has some functions to control visualization process:
- Clear map — clear all movement path

- Dots timeout — time of path’s existence (Video: Help: Dots timeout)

- Dots size mode — size of dots
- Save screenshot — files save to Dashboard’s folder/screenshots

- Freeze screen — The map freeze, no updates of the path

Clear rmap

Dots timeout, sec
5 :

-

Dotz size mode
defauilt W

Save goreenshot

Freeze zcreen
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https://www.youtube.com/watch?v=KIMO5vvnBEU

6.5 Map Settings

Map Settings offer some helpful tools:

- Save map — saves map as .ini file into Dashboard folder/maps
- Load map — loads map from .ini format file

- Erase map — erases map and clears it

Save map Load map

Eraze map
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6.6 Modem/beacon’s quick control panel

Control panel allows user to interact with devices. It can work with one device, or with all devices in

the system.

List of functions:

Reset — Resets device

Sleep — Send device asleep (battery economy mode)

Wake up — Wakes up device (from sleeping mode)

Default — Drops all device’s settings to factory default

Time sync — Sends time from your PC to hedgehog (for stream it out via UART)

R ezet Sleep Wake up Time sync Fero IMU

I:I CTRL Deep zleep Default Reset IMLI

Additional Ctrl feature:

To apply action to all beacons in the system, use Ctrl + left mouse click on button.

Applicable only for buttons that turn bold while Ctrl is pressed.

Time sync Zero IMLU

I:I CTRL Dieep zleep Default Reset IMLI

c{mMarvelmlnd
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6.7 CEILLING and MIRRORING buttons on the Dashboard

- The MIRRORING button allows the map to be display as a mirror reflection - -

- The CEILING button shows where the mobile beacon is located with respect to
the stationary beacons

- When the arrow points up, it means that the mobile beacon is below the stationary -
beacons

- When the arrow points down, it means that the mobile beacon is above the
stationary beacons
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Q 6.8 Detailed settings

This bar allows user to adjust devices very precisely. It contains a lot of parameters for advanced usage

Modem Settings

CPUID
Location update rate

Copy to clipboard

|pdate rate speedup

Maximum speed. mss (0.1..60.00

143643

16 Hz /
naone

\

s

Power save functions disabled ~
Window of averaging (0..16) 4
Distance fitter (0..16) 0
Advanced settings
High resolution mode (mm} enabled
Accept new/woken devices enabled
Inverse system enabled
Distances only mode disabled  \\
Supply votage. V s3 N
High votage. V v
Time from reset, hums 00:01:09 R
Temperature of air, °C (-20..60) 23
RS5I. dBm 69
Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..99) 1
Channel 0
Parameters of radio
Interfaces
Georeferencing
Stationary beacons visible enabled
Service zones visible enabled
Service zones active enabled
124

Unique processor ID for each device (beacon or modem)

Location update rate settings: 1/20Hz — 16Hz+.
Notice that real update rate may be limited by distances
between beacons or radio profile

TBD

Internal filter. More — faster objects can be tracked. Less —
better filtering against location jumps

Set of power saving features. May not work in all settings or
all SW releases. Keep disabled, if unsure

Averaging between location update measurements. More
value — less location jitter, but higher latency

Filter of distances (as opposed to filter of locations). More —
better filtering, but may be too conservative and “kill” good
measurements

Keep Enabled normally. Switch to cm for backward

compatibility

If map is frozen, new beacons will be accepted in the map,
if enabled

TBD
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TBD

If enabled, beacons will be seen as green dots on the map.
If disabled, they won’t be seen at all

CPUID | Copytoclipboard || 143843

Location update rate 16 Hz

Update rate speedup none Power supply voltage of the device 5V+-0.2V is OK
Maximum speed, m/s (0.1..60.0) 50

Power save functions disabled /

Window of averaging (0..16) 4 / N/A

Distance fitter (0..16) 0

Advanced settings

High lution mode {mm) snabled Time from the latest reset

et disabled // / Measured temperature of the processor’s crystal
Supply voltage, V h13

High voltage, ¥ n/a o

w0109 | ghortn ot e s o o o b
Temperature of air, “C {-20..60) 23 90dBm. Higher value - may overload. Lower — lost packets
RSS!, dBm 59 /

e 9I5MHe —— || Chesenworking band

Camier frequency, MHz 519000 \

Device address (0..59) 1 ! —~— Exact working frequency

Channel L

Parameters of radio

—E i \ Logical address of the device. Keep 2..255 for beacons.
Georeferencing Address

Stationany beacons visible enabled \

e enabled k Pre-selected channel — one of the radio channels for
Service zones active enabled \ communication between modem and beacons

Enable or disable visibility of Service Areas (Zones)

Make Service Zones active or not active
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Advanced settings

Advanced settings

Movement fittering

|Ise pairs of beacons

Analyze signal quality

Minimum signal quality (0..100)

Track with low signal

disabled
dizabled
enabled
10

blue

N

126

TBD
Enabling will allow direction along with location:
TBD
TBD

TBD
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Parameters of radio
Real carrier frequency

Selected radio profile with a set of profile settings.

Choose between 38kbps (better range and interference
immunity, but slower); 153kbps — balanced; and 500kbps —
the fastest, but the lowest radio range and least immune to

interference
Farameters of radio Logical address of the device. Distinguish of beacon from
Base frequency, MHz 515.000 another
Radio profile 38 Kbps
Device address (0..53) 77 One of a predefined radio frequency channels
Channel 1
Modulation GFSK
Power of TX 5 dBm Modulation — a part of the radio profile. Only for advanced
Channel spacing. KHz (25.391..405.457) 49.190 users
Intemmediate frequency (I0), KHz (0..787) 152
Offset frequency, KHz (-203.13..201.54) 76.16 Only for advanced users

Deviation frequency, KHz (1.587..380.859) 20628
Channel bandwidth, KHz (58.036..812.500) 101,553

Only for advanced users

CCA mode always
DC blocking fitter enabled
Manchester disabled
Only for advanced users
Whitening enabled
FEC enabled
127
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Parameters of radio

Base frequency, MHz 919.000

Radio profile 38 Kbps

Device address (0..99) FL

Channel 1

Modulation GFSK

Power of TX 9dBm

Channel spacing, KHz (25.391..405.457) 45.150

Intermediate frequency (ID). KHz {0..787) 152 /

Offset frequency, KHz (-203.13..201.54) 76.16 //

Deviation frequency. KHz (1.587..380.359) 20628

Channel bandwidth, KHz (58.0:36..812.500) 101.553

CCA mode always

DC blocking fitter enabled

Manchester digabled

Whitening enabled

FEC enabled \
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Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

No need to change manually. Only
No need to change manually. Only
No need to change manually. Only

No need to change manually. Only

No need to change manually. Only

No need to change manually. Only
No need to change manually. Only

No need to change manually. Only
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Beacon’s settings
Unique CPU ID

Enable for mobile beacon and disable for stationary beacon

TBD
CPUID  Copytoclipboard || 17242/ /
Hedgehog mode o
Inverse system enabled e TBD
Distances only mode disabled
Supply voltage, ¥ 3596
Measured voltage of internal battery
High voltage, W n/a
Height. m (-320.000..320.000) 0.000 L
Time from reset, h:m:s 00:00:13 R NA

Height — must be set for stationary beacons.
Must also be set for mobile beacons in 1D or 2D modes

Time from the latest reset
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Processor’s crystal’s temperature

Strength of the radio signal from this beacon to the modem,
i.e. how the modem “hears” the beacon over radio. Keep
below -25dBm and above -80..90dBm to avoid losses of
packets. Lower end depends on radio profile and interference

Select radio frequency band according to your HW:
433MHz or 915MHz

Real carrier frequency

Selected device’s address

Selected radio channel

TBD
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IMU

Calibration settings of embedded IMU: X shift

/ Calibration settings of embedded IMU: Y shift

/ Calibration settings of embedded IMU: Z shift

| calibration settings of embedded IMU: X scale

IMU
Ax zero -10 /
Ay zem 8
Az zero 22 —
Ax K 0.982 |
Ay K 0.973
Az K 0.982 \\
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\ Calibration settings of embedded IMU: Y scale

Calibration settings of embedded IMU: Z scale
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Parameters of radio
Real carrier frequency

Radio profile that is linked with many radio settings below.
Helps to set them at once by choosing the profile. See
similar in modem for more info

Device address — shall be set for each beacon different
under one modem
Parameters of radio

Base frequency, MHz 919000
Radio profile 38 Kbps One of the pre-selected frequency channels
Device address (0..59) 7
Channel 1 ) ) .
Radio profile settings. No need to change manually. Only
Modulation GFSK for advanced users
Power of TX 5 dBm
Channel spacing. KHz (25.391..405.457) 43.130 Radio profile settings. No need to change manually. Only
Intermediate frequency (10, KHz (0..787) 152 \ for advanced users
(Offset frequency, KHz (-203.13..201.54) 76.16

Deviation frequency, KHz (1.587..380.859) 20628
Channel bandwidth, KHz (58.036..812.500) 101.553

Radio profile settings. No need to change manually. Only
for advanced users

CCAmode always
DC blocking fitter enabled Radio profile settings. No need to change manually. Only
disabled for advanced users
Whitening enabled
FEC enabled
132
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Parameters of radio

Base frequency, MHz 519,000

Radio profile 38 Kbps

Device address (0..95) T

Channel 1

Madulation GFSK

Power of TX 9 dBm

Channel spacing, KHz (25.391..405.457) 49.150

Intermediate frequency (ID), KHz (0..787) 152 /

Offset frequency, KHz (-203.13..201.54) 76.16 //

Deviation frequency. KHz (1.587..380.359) 20628

Channel bandwidth, KHz (58.036..812.500) 101.553

CCA mode always

DC blocking fitter enabled

Manchester digabled

Whitening enabled

FEC enabled \\
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Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

No need to change manually. Only
No need to change manually. Only
No need to change manually. Only
No need to change manually. Only
No need to change manually. Only

No need to change manually. Only

No need to change manually. Only

No need to change manually. Only
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Ultrasound

TX-RX — regular mode. Use it. The rest - internal

TBD

Power saving features. If not sure, keep default

|trasound Power saving features. If not sure, keep default
Mode of vt
High voltage TX settings
Analog power in sleep disabled TBD
Power after transmission not tum off
Transmitter mode: PWM
Frequency, Hz (100..65000) 21000 Frequency of ultrasonic pulses — set according to your HW
Duty, % (1..99) 50
Number of periods (1.100) ° 50% - default. 1% ... 99% lower strength of ultrasonic.
Amplifier imitation (calibrated) 4000 Keep default
Amplification

Number of ultrasonic pulses the TX beacon emits. More —
stronger, but longer echo. For small distances — 1-10
periods. 20-30 — for 10-20 meters. For 20+ m — 50 periods

Internal settings

Automatic or manual gain control.
Manual can be useful in special conditions: too high
external audio noise, for example
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TBD

AGC settings. For advanced users only

AGC settings. For advanced users only

AGC settings. For advanced users only

AGC settings. For advanced users only

Time gain control

AGC desired level -1800..0) -500

AGC hysteresis (10..2000) 130 Deep ultrasonic trigger settings. For special cases only
AGC step, dB (1..20) 3

Mode of threshold automatic

Mirimum threshald (-10..-2000) )] Deep ultrasonic trigger settings. For special cases only
Threshold to noise. B (3.100) 3

Signal detection by ADC —_—

Periods for detector (3.50) 5 Keep ADC

Deep ultrasonic trigger settings. For special cases only

Deep ultrasonic trigger settings. For special cases only
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Min. over raise for new front (0. 200)

Coef. of estimated front quality (0..200) g
Maximum line gradient down, % (0..200) 0
Maximum triple deviation, % (0..250) 150
Maximum points to skip (0..5) 2
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Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

. For special cases only
. For special cases only
. For special cases only

. For special cases only

. For special cases only
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AGC low threshold, raise speed (1.10) 15 //
Speed of amplfication increase (1..200) 10 /
AGC high threshold, raise speed (1..100) 100 / /
Speed of ampification decrease (1.200) 5 7
Receive window low, m (0..255) 0 -
Receive window high, m {0..255) 255 —
Minimum distance limitation enabled —
Auto measurements when radio gaps enabled

Fiter selection 19kHz N
RX1 nomal disabled \]
RX2 nomal disabled N
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Deep AGC settings. For special cases only

Deep AGC settings. For special cases only

Deep AGC settings. For special cases only

Deep AGC settings. For special cases only

TBD

TBD

TBD

TBD

TBD

Enable/disable sensor RX1 in map building mode

Enable/disable sensor RX2 in map building mode
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R¥3 nomal

disabled

R¥4 nomal disabled
R¥5 nomal disabled
R¥1frozen disabled
R¥2 frozen disabled
R¥3 frozen disabled
R¥4 frozen disabled
RX5 frozen disabled
Additional parameters

Obstacles probe

File of dump for DAC

138

Enable/disable sensor RX3 in map building mode
Enable/disable sensor RX4 in map building mode
Enable/disable sensor RX5 in map building mode

Enable/disable sensor RX1 in map frozen/regular work
mode

Enable/disable sensor RX2 in map frozen/regular work
mode

Enable/disable sensor RX3 in map frozen/regular work
mode

Enable/disable sensor RX4 in map frozen/regular work
mode

Enable/disable sensor RX5 in map frozen/regular work
mode
TBD

TBD

TBD
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Interfaces

Speed of UART in hedgehog mode

IiacEs Type of protocol
UART speed. bps S00000 /
Protocol on UART/USE output Marvelmind 18D
PA15 pin function 5Pl slave CS —
Raw inertial sensors data disabled |
Processed IMU data disabled \ |~ Enable or disable receiving raw IMU data with IMU update
rate (100Hz)
Enable or disable receiving IMU+ultrasonic sensor fusion
data with IMU update rate (100Hz)
Georeferencing
The same as with modem
Georeferencing
Latitude NO.0000000
Longitude EQ.0O00000 —

Misc. settings

Misc. settings

Sleep with external power

| &0 sec no connection

ﬁ The same as with modem

/I/‘ Timeout sleep settings

Hedgehogs pairing

@ Hedgehogs pairing
Pairing mode

| no painng

Enable for Paired Beacons feature:
https://youtu.be/aBWUALT3WTQ
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6.9 Radio frequency band and Carrier frequency

- For devices with HW 433 MHz allowable Radio bands 315 and 433,

- For devices with HW 915 MHz allowable Radio bands 868 and 915, but when using
antennas at 433 MHz it is possible to use both 315 and 433 MHz

*Mini-RX beacons and Super-Beacons are 868/915MHz only.

It is possible to change the frequency of radio, but radio performance can be severely
degraded. It may be enough for smaller distances, up to 10-20 meters, but not more.

Radio frequency band

433 MHz
Camier frequency, MHz 433.400
Radio frequency band 315 MHz
Camier frequency, MHz 315.000
Radio frequency band 515 MHz
Camier frequency, MHz 519.000
Radio frequency band 868 MHz
Camier frequency, MHz 869504
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6.10 Different hedgehog colors in the Dashboard

You can choose any color for your hedge, but it still has some permanent colors, which inform you
about some tracking issues:

- Blue - normal mode and confident tracking

- Orange - system provides the best location data possible, but confidence is
lower than blue

- Transparent Blue - lost radio packets

- Transparent Orange — weak ultrasonic coverage
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6.11 Different stationary beacons’ colors in the Dashboard

Stationary beacons v4.9 can have different ultrasonic frequency. Because of that, they have
different colors to make it easy to distinguish it:

19KHz beacon

25KHz beacon

31KHz beacon

37KHz beacon

45KHz beacon
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7. SW feature/settings descriptions

7.1 Licenses

We added the licenses system. Now, you can order some additional features. It is not
available in the basic Dashboard version, but you can easily purchase it if necessary. You
can see the list on Marvelmind.com -> Products

To order:

- Go to Marvelmind.com -> Products
- Choose features which you want to get (e.g. MMSWO0001: 100Hz NMEAQ183)

Q])Marvelmmd Watch demo Products Downloads Customers Help Contacts 9 =
robotics Shop T
Q

Distributors Manual Presentation  FAQ Search

Home > Product > MMSWO001: 100Hz NMEAQ183

MMSWO0001: 100Hz NMEAO183
SW License 0001: $19

Streaming out coordinates

in NMEA0183 format with

100Hz update rate based [ £2 nopenmeca | [r——

Ultrasonic+MU fusion —
emulation of super-fast GPS
for drones. Description

Price per modem Technical Details
Questions and Answers

Recommended

View History

Description

- Make an order.
- Pay for the feature (via PayPal or other methods).
- Order the feature via the Dashboard by providing modem's CPU ID or send us
email with the modem's CPU ID:
- Open Dashboard SW
- Connect modem to the Dashboard via USB
- Goto Licenses — View/activate licenses

A Marvelmind licenses had — O
CPUID License list
¥ 0001: Up to 100 Hz NMEAQ183 cutput by IMU fusion iaation Press order ~
r
Order licenses r
-
Open license key [l
r
r
-
-
r
r
r
-
r
r
r
Close F -

- Choose the licenses which you have purchased.
- Press Order licenses.
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Dashboard will generate a text
@ Rad

Please send following text to info@marvelmind.com to order licenses
Dear Marvelmind team!

| want to erder licenses for following features:
0001: Up to 100 Hz NMEAD183 output by IMU fusion lecation

CPU ID of device for licensing: JKKKK

Order code (used internally in Marvelmind's order handling):
CPUID:KHXKKKR_0001:1

Thank you

Copy to clipboard Close

Send generated text to info@marvelmind.com

We will generate the license key and send to you via email
Place the license key into Dashboard/Licenses folder:

Connect modem to the Dashboard via USB

Goto Licenses — View/activate licenses

Choose "Open license key"

Choose the license file (be careful if you have licenses for multiple devices,
check CPU ID carefully)

The features become activated in the Dashboard.
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7.2 Dashboard Monitoring Mode

Dashboard Monitoring Mode is a mode which allows you to observe tracking without any
ability to control and modify the system.

Now, you can divide permissions between users for avoidance of accidental change of any
settings and corrupting the system. That is something like safety button.

This is the first version of Dashboard Monitoring Mode. New functionality and appearance
may come with future SW updates

How to enable Dashboard Monitoring Mode:

- Click on the “Stream capture” button (It will be renamed in future updates into
“Dashboard Monitoring Mode”)

D Dashboard - robots management V6210 ultimate — (] X
File Language View Firmware Licenses Help
Q) marvelmind Read al Write all
robotics
cPUID Copy to cipboard || 000000
AT
1 A Fimware version V6.210i Modem HW v4.9
T A Location update rate 8Hz
@ Update raie speedup none
Maximum speed. m/s (0.1..60.0) 50
Jitter mode: disabled
- Jiter granularty, ms (1..16) 3
X . . ) . . . ) . . . . ) . . Jitter area, % (0..50) 35
Clearmep | | B _ TDMA mode TDMA
Dots fmeout, soc A ] i - Long tme sleep Gsabled
500 . s : : : H Window of averaging (0..16) n/a
.
Dots size mode e ! ptu ] i ! . Distance fiker (0..16) n/a
] d 1l
oo .. gem | Streamcapture : | Stream capture | Foveor e
]
Save screenshot g - i 1 | I High resolution mode {mm) enabled
T mmmmmmsmssssssss s Detect new devices in frozen mode disabled
) ""i"/ Inverse system enabled
[ Reak-timg Player Distances only mode disabled
BackwagdForward e e
e
RSSItrust level, % (0..100) 0
Stream capture
_________ Temperature of air, “C (-20..60) 23
RSSI. dBm
Radio frequency band
Carier frequency. MHz
/\ Device address (0..254)
L X Radio channel
B Yoo Parsmeters of rado
L S terfaces
Georeferencing
Al >> Stationary beacons visible enabled
None: Service zones visible enabled
Service zones active enabled
- Grfresze map | | Mo vietle enabled
Map axes visible enabled
| L[ E. N . =TT =
@ Device1 Device2 Device3 Doved S Devices Device? Devices Devices | [ savemop | [ Load map Reset Skeep Wakeup | [ Timeaync | [BZSHMU
Indoor GPS [ Devicel0 [ Devicelt [ Devicel2 |[] Deviceld [ Devicel4 [ Devicels | [ Device'6 [ Devicel7 |[] Devicels v Erase map I:\ CTRL | | Deep slesp Default
No plug X:8.875, Y: 2.848 1] 0 total, 0 failed (0%) F
- If you try to change settings while Dashboard Monitoring Mode is on, the notification
window will appear
Confirmation s
- - = . " L
. Operation is not possible in "Stream capture” mode.,
Disable this mode?
No
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7.3 Geofencing zones

Geofencing zones is a subset of zones which can be created to prevent people crossing
dangerous zones. Zones violations leads to alarm and will be written into CSV-file.

How to create geofencing zone:

- Unfreeze map, submap may be frozen

ted

Hix
2

oo
-
s
=
=
o
oo
op
oo
s

- Choose submap (Left mouse click on its icon) and Right mouse button click on the
map -> Zones setup

=3
5 196 k4

ki,
B

oo
-

&
.
-k
e
oo
oo
oo
s
.
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Create a zone using Shift+Left mouse click and clicking on map, click on point

-
=
= B - .
;:g, - - 1.
| fh o
) A o »
= B

[ = =)
T i o o i e e ) e e e e e e Ee En e S e e e e e e
TSR] (O] 2 seeccras [ RN [ TIIR ) ooscerar [) omkads | <ecgmie [| Dwwect [ Omece:z [ Oewos | Oeeted [ ] Desceds (] Oeos | Dewed [ Deord [ ek [ Omeiedt [ oewss || Devkeds ([ ] Onscent [ Cenknse SET EEE
= it TR e

You can tune zone with entering distance and entering time. If zone created, press
Save and close to save zone

1D Zones setup

Name

[snap ta grid

| Save | (1: Save and close jD | Close

- Freeze map

Zone created and ready to work. If mobile beacon crosses zone for tuned distance and
tuned time, that violation will be recorded to CSV-file, and hedgehog will be colored red
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in the Dashboard
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7.4 Floors feature (FNOO11)

The general view

Floor feature allows to build complicated multi-level maps. Every submap

correspond some height, height corresponds to floors.

Floors

All

Maone

Full -

040 -

\

TANN

List of layers (floors)

Show all layers (floors)

Show no layers (floors)

Show all objects (even if they are out of floors’ coordinates)

Beacons’ counter (in chosen floors/all)
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Floor Settings

- Every floor has its own adjustable height and its own floor plan

Floor height: 3.500 meters (14.000..17.300)

- Use right mouse button on the floor area to see an additional menu. There
you can change floor’s height. You can also insert your floorplan for that

floor (.png, .jpeg, .bmp, .tiff)

-

M

-

Floor settings

Load floorplan
Save floorplan as ...
Remove floorplan
Loom to fit

Lock floorplan
.

Floor 4 and 5 are enabled:

nnnnn

o

i

«

BlHIE

O == g WS g

O tekels [ deksTs [ dekel [ deiedl [ dweR [ deeBd [ deisdt

sl wlln wnp SRR s

b wemslp wahlp Vo v S
e g e | e ey [y

D et [ deweld [ dewels [ dneeld

D R [ R [ deeD [ e , [mems]

[r———] 550, 152

RewdsHe 2 29l 2aied (%)
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Floor 5 is enabled:

QA marveimind
mpotc

+
i

o

[ |
o @
R iy =
<«

R S ) S S Sy S S S s

[ deels [ deels [ el [ dekell [ dekeR [ deked [ dwed [ deme

D kel [ dekeld [ kel [ deeels [ deel? O [ [t

O weE @ ¥ [ deiel [ el [ deke® [ dekedl [ dekeT [ deke® [ deed , o]

pr——— 3404 1 36378 Raedsre 3 Hisroul | faied 0%

Floor 4 is enabled:

Q) marvelimind
,,,,,
i e _
il I A
=
&
= .
== ®
£ ol
Dot e e
e |l @
[Beramenniet .
[—
wl C &K
==
= . o o . . . . S S
S nip ermilp emdlp wsnilp enndlp wenilp eEndlp wenilp mellp wenllp wa k| S DS D O i B ==
O s |G wens | s [ e b sea g ses [ e [ sws | ees g e | ees | ses ([ oeen [ e [ osez [ oses [ s . mene
ConmcteiCOMI s v 3657 T T

Loading the Floorplan (Substrate)
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- Right mouse button click on the floor -> Load floorplan -> Choose file

(-png, .jpeg, .bmp, tiff).

Floor settings

Lead floorplan
Save floorplan as ...
Remove floorplan
Zoom to fit

Lock floorplan

B =

- When the picture is loaded, you can drag the beacons to the points where

they are actually located. After dragging two beacons, the picture with
beacons will be combined in scale

- Help video: https://www.youtube.com/watch?v=NHUNCtJIYXc
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7.5

Submap Settings

Every submap has its own settings. To correspond your submap to a certain floor you
need to adjust the height:

To open that settings, use left mouse button on the submap icon - [Sibmap0]

Change Submap Z shift value

Fead all “Wwirite all

Starting beacon trilateration (0. 255)

Starting set of beacons

3D navigation

Only for £ coordinate

Limitation distances

Maximum distance, m (1..100)

Submap X shift, m (-320.00..320.00)

Submap ¥ shift, m (-320.00..320.00)

Submap £ shift, m {(-320.00..320.00)

Submap rotation, degrees (-360.00..360.00)

Flane rotation X, degrees (-360.00..360.00)

Plane rotation Y, degrees (-360.00..360.00)

Plane rotation Z, degrees (-360.00..360.00)

Service zone thickness, m (-320.00..320.00)

Hedges height in 20 mode, m (-320.00. .320.00)

Feset Sleep “Wwake up

I:' CTRL Deep sleep Default

0

0; 0:0:0
enabled
disabled
manual
a0

0.00
0.00
16.00
0.00
0.00
0.00
0.00
0.00
1.85

Time sync

Zero MU
Reset ML
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7.6 Axis rotation feature (FN0002)

General view

Axis extension allows user to rotate the map. There are 90° gaps between
views. It helps in case of multifloor tracking, when it is important to have a side
view.

There are 3 directions of view:

- To change view, click on the icon

Example of views:

Y, X
)] Marvelvvgmg\ - g
. =
= [S)]
=
= $5-1
Akt
i 1
o v"~
.
« =2
. N = X
=
X, Y
9 J z
W marveimind . . ¥
1
- [ |
=
®
B
- «
'
Comedted COM3 V19434, 2 22658 Rote12He 3 A7) total Ofaled %)
0]) Marvelmind
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7.7

Vertical submaps feature (FN0O0OO3)

Vertical submap is a new feature for drone flights or some other specific cases. It

gives the user an opportunity to get solid Z data for vertical movement

Example: The drone flight

»
-
= =
c“;’"x
<.'-7- _____ .
» e
B faisi
-
[ )
L
- b
=
e s (.
» \ '\.
How to build vertical submap for stable Z:
8.5.1 For this configuration you need 6 stationary beacons

&

«

«

<«

ﬂ :

«

»|_

«

“?

{mMarvelmlnd

robotics



8.5.2

8.5.3
8.5.4

8.55
8.5.6

8.5.7

8.5.8

8.5.9

8.5.10
8.5.11

8.5.12
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Place 4 beacons on the ground, facing each other. (make a square,
where the edge points are beacons, looking in the center)

Place two beacons high on a wall

Turn on RX4 only for beacons on the ground and RX4 and RX2 for
beacons on the wall

Build the first submap (horizontal) consisting of all ground beacons

Change Limitation distance to manual and input the value in the
submap’s settings

Read all Write all
Starting beacon trl ion (0..255) i}
Starting set of beacons 6 7.00
3D navigation enabled
Only for Z coordinate disabled

ion distances manual
distance, m (1..100) 12

Submap X shift, m (-320.00..320.00) 0.00
Submap Y shift, m (-320.00..320.00) 0.00
Submap Z shift, m (-320.00..320.00) 0.00
Submap rotation. degrees (-360.00..360.00) 0.00
Plane rotation X, degrees {-360.00..360.00) 0.00
Plane rotation Y, degrees {-360.00..360.00) 0.00
Plane rotation Z, degrees (-360.00..360.00) 0.00
Service zone thickness, m (-320.00..320.00) 0.00

Hedges height in 20 mode. m (-320.00..320.00) | 0.00

Freeze and lock it

|' | freeze submap . unfreeze submap

Build the second submap (vertical) horizontally consisting of two wall
beacons and two ground beacons (neighboring with wall beacons)

Now, freeze it

_'.r‘_“-\.
Press axis rotation button Ao

Click on the axis you want to rotate your submap along (when you
point the cursor on the axis, it became visible and pink-colored)

®
1he

Enter the corner value (90° usually)

Enter rotation angle

QK Cancel
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8.5.13

8.5.14

8.5.15
8.5.16
8.5.17

Choose submap 2 and enable “Only for Z coordinates” mode

Read all Write all
Starting beacaon tril ion (0..255) 0
Starting set of beacons 0; 0:0:0
30 navigation enabled
Cnly for Z coordinate enabled
Limitation distances manual
Maximum distance, m (1..100) 25
Submap X shift, m (-320.00..320.00) 0.00
Submap Y shift, m (-320.00..320.00) 0.00
Submap Z shift, m (-320.00..320.00) 0.00
Submap rotation, degrees (-360.00..360.00) 0.00
Plane rotation X, degrees (-360.00..360.00) -88.24
Plane rotation ', degrees (-360.00..360.00) 15
Plane rotation Z, degrees (-360.00..360.00) 057
Service zone thickness, m (-320.00..320.00) 0.00
Hedges height in 20 mode, m (-320.00..320.00) | 0.00

Change Limitation distance value

Read all Write all
Starting beacon trlateration (0..255) 0
Starting set of beacons & 7.00
3D navigation enabled
Only for £ coordinate enabled
Limitation distances manual
Maximum distance, m (1..100)
Submap X shift, m {-320.00..320.00) 0.00
Submap Y shift, m (-320.00..320.00) 0.00
Submap £ shift, m {-320.00..320.00) 0.00
Submap rotation, degrees (-360.00..360.00) 0.00
Flane rotation X, degrees (-360.00..360.00) 0.00
Plane rotation Y, degrees (-360.00..360.00) 0.00
Plane rotation Z, degrees (-360.00..360.00) 0.00
Service zone thickness, m (-320.00..320.00) 0.00
Hedges height in 20 mode, m (-320.00..320.00) | 0.00

Change views and check the map

Wake up mobile beacon

Track

{mMarvelmlnd

robotics



7.8 Handover Zones Setting

User must setup handover zones between submaps to guarantee handover
quality for complex maps with multi-floor and similar.
How to setup handover zones:

— Choose any submap

File language View Firmware Help

<
s e e
] @
Ez=)
- |
|
]
» _
&
pun _ ] 5
7- =0 | —— A =
— Use Alt + Left mouse click on the other submap’s service zone
border (neighboring)
— Now, neighboring service zones are colored with green (dark
green for chosen submap and light green for neighboring
submaps)
1
¢
= ®
-— ®
[Ze]
- |
|
]
»
«
L

Connected: COM3 X: 23750, Y: 12.859

= ¢ A
0 60 total, O failed (0%)

Alt + Left mouse click

158
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7.9

Submaps feature (FNO004)

- Nose shows direction of the -
_ tracking zone

B =
=0 000 *=0.000
MU

2D submap example

Submaps is a very powerful feature that allows building large maps (full business
center, factory, warehouse with total area of 10,000..300,000 or more) based on
smaller submaps (30..1000m2).

A submap

is a part of the map. It includes a subset of used beacons covering part

of the navigation area. Current version of Marvelmind system can include up to 10
submaps. Please also check our help video.

Follow these steps:

Step 1.
Step 2.
Step 3.

Step 4.
Step 5.

Step 6.
Step 7.

Step 8.

Step 9.

Step 10.

Step 11.
Step 12.

Choose the beacons which will be added to certain submap0...submapN
Connect the modem and put all the beacons into sleeping mode

Click “erase map” button for removing some current settings of beacons
and submaps

Wake up all the beacons which should be served by submap0

Wait a little for map will automatically build. If needed use mirroring
function

Freeze the submap

Add the new submap by clicking “+” button. New submap is automatically
chosen as active

Wake up the beacons which should be served by submapl. By default,
all the beacons are served by the last unfrozen submap

If the new submap should include beacons which are at the moment
served by previous submaps (intersected submaps) click on each
beacon, then right-mouse-click=>Add to current submap

If the new submap has 1 or 2 common beacons with previous submaps,
it will settle as a part of the already built map. Two common beacons give
a tight binding. If there is only one common beacon it's possible to drag
and drop the submap. If submaps do not have common beacons it is
needed to drag and drop the selected submap using the mouse and
holding down the CTRL button. Rotation of submap can be executed by
using the mouse wheel

Align submaps using M1/M2 parameter

Set Service Zones for each submap

c{mMarvelmlnd
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https://www.youtube.com/watch?v=FXvlDZkxkUU
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Starting submaps

- Hedgehogs do not belong to any submap and can move between sub-map areas.
Hedgehogs can be served by multiple submaps at the same time. By default, the

map consists of a single submap (Submap0)

- After adding new beacons to the system (waking them up), they appear in the first

not frozen submap or in SubmapO if all beacons are frozen

- Pressing the “+” button will add a new empty submap to the system

°C|]) Marvelmind

robotics

4

10231

6.593
10.530

X=1.554 : :
Y=10.718 ¥=4.735
ETE =10.365
Z=1.850
clear map +
Dots timeout
300 =
zave screenshot
freeze screen
X=2.915
Y=3.327

>

.

X=0/000 . X=6.528
=0 000 =0.000
JEZ=1BS0. . . . . Z=1.850 .

K-

[ & IR Y, [Smepo] [ + ]
W
beacon 22 beacon 23 beacon 24 beacon 25 hedae 26 . .
V5 74.30 V5 74.30 V5 74.30 V5 74.30 Vh74 3 |[] devies2l | [ deviee 28

Y

O device 29 O device 30 O device 31 O device 32 O device 33 O device 34 O device 35

Connected: COM3 X 16,205, Y:-3.870 Rate: 6 Hz

- Press the button with the submap number (Submap0, Submapl etc.) -
select the corresponding submap

- Inthis state, if the modem button is pushed, the list of parameters on the
right side represents some of the parameters of the selected submap, for
example, “Starting beacon trilateration,” “Starting set of beacons,” etc.
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The system after adding beacons to the Submap0, adding new submap

and the selection of Submap0

I Dashboard - robots management V5.54 ultimate

File Language View Firmware Substrate Help

R
Q) marvelmind
robotics
4 Y A
‘ A
3178
5797| 8822 4971
10018 14681] 4970 .
clear map ]
Dots timeout
300 ¥
save screenshot x "
X=3179 X=0, X=4.569
freeze screen ;:’5?; : . ;-‘:g ‘z’-‘v’ _ﬁ’goi E "
. . . . freeze map |
wnn ET=T e »
beacon 36 beacon 37 - beapen 39 beacon 40 8 o (g
V5.79.30 V5.79.30 [] deveed E Vi$530| Ve 7930 [ devesd [ — savemap  loadmap
D device 4 D device 44 D device 45 D device 46 D device 4 D device 4 D de erase map

Now we have 4 beacons, all in Submap0 (it can be seen near the table of

distances)

When the submap selected, the context menu of beacons buttons
(available by right clicking the mouse) have the functions of adding and
removing the beacons from the submap. In the picture above, we are
removing beacon 3 from Submap0.” Then we switch to Submap1 and add

this beacon to the submap

Q) Dashboard - robots management V5.54 ultimate

»

File Language View Firmware Substrate Help
5
Q) marvelmind|
robotics |
m Y
| 3178 |
5797| 882 497 ‘
10018 14681| 4970
clear map ‘
Dots timeout ‘
300 $
save screenshot x .
=R e
A
freeze scieen 2=1.8% 2=18%0
[
e Y [T '
T a0 i o

beacon 36 beacon 37 — bea
V5.79.30 V57930 [ E R raioue fotin ciiert subrien

[:,],, device 4 [ devieedd | devicedt 0

Remove from network

[ deviced
0 device 49

7 E z

¥i1
4

A HE

[eemes |

™

save map load map

erase map

When the submap is selected, the beacons that do not belong to the
submap are colored gray. In the same way, continue with removing

beacon 10 from Submap0 and adding it to Submapl

Now there are two beacons in Submapl, so this submap is built.
“Submap 0” is built as well. Now we can freeze both submaps

{mMarvelmlnd
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Pressing the “freeze map” button when the submap is selected will only
freeze the selected submap. Pressing the “freeze map” button when the
modem button is selected will freeze all submaps.

Now we have two good submaps, but they are not correctly located
relative to each other. On the right side exist the parameters of shift and
rotation for the selected submap; they can be filled in by hands. But a
more user friendly way is to drag and drop the selected submap using the
mouse and holding down the CTRL button.

Rotation of submap can be executed by using the mouse wheel. The
mirroring button can also be used; it affects only submaps that are
selected

D Dashboard - robots management V5.54 ultimate

file Language View Firmware Substrate Help

1) Marvelmind
robotics
G4 A i A
|| «sm] =
[
8 .*
clear map ;
lots timeout
100
o &)
freeze screen .
X=5.240
s a 2%0 Y=8.288 ; "
gy 0 Zise0
w()E \ X A i unfreeze map

Y =]

nnnnn

beacon 3 -

6 beacon 37 e beacon 39 b 40 4 .
4 V57930 V5.79.30 ke V5.79.30 v5:79.30 | [] S m o savemap  load map

[ deveeds erase map
v

o deviced [ feveedd [ devisd O o 46 [ devied m

After some movement, rotation, and mirroring of submaps, we can locate
the submaps close to their real relative location

Now the system is ready to use; we can wake up and track the mobile
hedgehog

In some cases, the hedgehog can be lost between the submaps if this
area is not covered by any of the submaps.

!
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- Submaps can be removed from the system by using the context menu of
the submap selection button (available with a right mouse click) M1/M2
parameter used for precise superposing submaps which do not have
common beacons. This means that submaps cannot be aligned
automatically

D Dashboard - robots management V5.54 ultimate
File Language View Firmware Substrate Help
;
Q) marvelmind
robotics
o ¥
o | a
[
= C -’
|
clear map
Dots timeout
300 <
save screenshot .
freeze screen
oA} . . : . : . S : g . .
Y=2.705
24185 °
-
Y=4292 > .
ze1.8%
Y250 Y8288
Z=18% Z=18%
unfreeze map
iz, I ¥ e ”
A" 4 E——
beacon 36 beacon 37 hedae 38 beacon 39 beacon 40 41 " 9 <
MM v57930 4 V57930 1 v5.79.31 V57930 (4 V57930 [J *° [ eweas savemap | load map
D device 4 D > e 44 D Jevice 45 D;;‘Vi} D ol; ‘7 D de e d D de s 49 % elasen:ap
Cannected: COM3 X- 4270 V-2 S0 Rate A H> 2 308 total D failed (15)

To align submaps:

1. Build the system like in previous instruction

2. Put M2 in mode on by clicking the icon. Place the hedgehog near
the boundary between two submaps. You will see 2 orange
hedgehogs blinking, this is how the hedge is seen in two submaps

3. To align submaps correctly (CTRL + scroll/drag) against each
other, until the orange mobile beacons are fully overlapped

4. Replace hedgehog to 1 or 2 points and repeat replacing submap
for better superposing

U Dashboard - robots management V5.54 ultimate

File Language View Firmware Substrate Help
Q) marvelmind|
robotics |
|
| |
o+ Y A
(500w A
clear map X X
Dots timeout d 3 1
300 5 4 e 4
save screenshot IR .
freeze screen SR SR
|
R e
I8 RN TEaTT . S R . . . . . .|unfreeze map |
b 36 b 37 hedge 38 b 39 by 40 device 41 Jevice 4 2
5 79.30 V579,30 V5.79.31 V5 79,30 V5 79.30 | [] oevieedl | M deviced savemap| | loadmap
Q j e 4 D device 44 ;] device 45 D device 46 D device 47 D davice 4 EL device 43 v erase map -
Wwm Imind

robotics



The next step is to set Service zones, which are zones where tracking is
possible. If a mobile beacon is out of a service zone it cannot be tracked.
If you built a complicated map, you have to make service zones correctly.
Service zones must be crossing in order to provide correct and glide

tracking.

How to create a service zone:

Choose submap (click on the submap icon)

Use SHIFT + Left mouse button on the map to create point.

J—I

Use SHIFT + Left mouse button on the point to delete it.

Put points around submap, move them to provide service area for current
submap. Service areas will cross each other. If hedgehogs get lost

between two submaps expand the service area.

Y
Y=2430
x .X
s L@ . . .
X=2.284
Y=4073 . »
Z=1.8% .
e . o ER BR[O
i \ i v e
o=
we) b
oy e ] e
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7.10 Paired beacons (FNOOO5)

- Two hedgehogs can be paired and work together as a single beacon without
update rate reduction.

- Moreover, each beacon streams out in this mode not only its own location, but
direction where the pair is facing. This feature hugely simplifies autonomous
driving and flight. Here is an updated protocol with the changes.

];E[ - Please, also check our help video.

Follow these steps:
1. Wake up stationary beacons and freeze the map
Wake up two hedgehogs which were pre-installed on robot/copter/drone

2

3. Choose one beacon and go to “Pairing mode” parameter and activate

4. Write the “Address of paired beacon” , means number of the beacon,
current selected hedgehog is paired with

5. Now choose location against center in parameters relatively the second
beacon

6. Goto “Base of the pair” parameter and write actual distance between
paired hedgehogs. Do the same for 2" hedgehog.

|| 1) Dashboard - robots management ¥5.44 ultimate =] x|
File lsnousos  Wiew Firmware  Substrate  Help

ﬂ read al wite al

Hedgehog mode enzbled
A Suppl voltage, Y 44
A Height. m (-10.000.10.000] 0509
| [ 45| ees
o oo Time fiom rese, s w0343 R
Measured temperslure, °C 21
sose] rorz] ] ASSI. dBm k]
Carier requency, MHz 433400
clear map
e Device adeess (0.98) i
= Channel i
=l
Minimum threshoid (-10..2000) 50
save screenshot
_ Patameters of adio
fieeze scieen Ulasound

Interfaces

Mise. seftings

Hedgehogs paiing

>

oon 64 =B850

oi0 ., -p'o00

50 & 21850
Z08%8

Paiing mode pai
Addiess of paired hedge [1..255) 64
Location againist center left—]

Base of the pair, cm [1..255) 30
Hedgehog pairing settings
Distance between pair of hedges

Location of this hedge againist center of pair

2

Address of second hedge in pair ———

Pairing mede enabled

; »»
wr <> E unfreeze map
§
|, HE v E o
pair 64/70 device B5 deyice BB device 67 device BB device B3 poi 707en =l save may
F p| loadmap
F__Vs2ai | C C C C v D] st | skep | wekew | imesne

H —
[ devieedil | devic=2 | = devic= 78| device 74 | devic=7E = devib= B | = devicer 77 |L| erase map l_ CTRL HEEDS\Eebl defaull |

|Connected: coma : 5.866, Y:-1.941 [ [ [Rate: 4 Hz & [210tatal, 2 Failed (1%) [
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https://www.marvelmind.com/pics/marvelmind_beacon_interfaces_v2017_09_13.pdf
https://www.youtube.com/watch?v=aBWUALT3WTQ

7.11 Map settings

Map Settings offer some helpful tools:

- Save map — saves map as .ini file into Dashboard folder/maps
- Load map — loads map from .ini format file

- Erase map — erases map and clears it

Save map Load map

Eraze map
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7.12 Background color

Starting from v6.200 Dashboard supports background color change.

This is a small feature that helps make tracking look better. If you uploaded a floorplan and it
is white, you can tune Dashboard’s background color to make it suit.

How to choose background color:

- Load floorplan

TRERE L .
= B B B ‘ : : 2
= ! =

‘ ;
:
|
|
L 1 !
. = . Sl :
o e nd e Q])Marvelmlnd D «
& : i : robotics =y
- Right mouse button click on the background
= : | —
g 1| | e
: I | .
| =
0 8 ¢ )
SIS
L
| Sy ik
Zl
p—r .T‘\ X 1 |
il /e *! A0 !
3 "’—"'7— = % Lol '
b : ol Wmarvelmind .
E : i : robotics sy
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- Choose color and press “OK”

«

goan

1% HeeH

i

de

» i Fied WmMarvelmind <

robotics =

- Color applied. Now, background matches floorplan

i
Ly
«

i
1 Heem

T i ey

e, ‘ % | " Y SR . ‘
= ' Tt I

v ! i {- AL iy
e — :

i3 48
- — 2 :

: s | “. .

5

Q) marvelmind o &

[ - L b ;150 § robotics
R i [ | i s [ s | i [t it ey’ || L

A=
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7.13

Hedge color change (FNOOO6)

If you have multiple mobile beacons you can give each one its own color to make them

recognizable on the map

File Longuoge View Firmware Help

& H2 (V5.79) - 100 old. Update firmware. a Read al Write all
m Marvelmind H5 (V/5.79) - too old. Update firmware.
. robotics|
114 (V5.79) -t00 old. Update firmware. vlcruin Copy to cipboard _|f 000000 Py
-
4 A Max. deviation for case, cm (0. 20000) 0
A Ma. conditional deviation, cm (0.20000) 100
C M. rangle dewiaton, om (0.20000) E)
Location update rate 16 Hz
Update rate speedup none
Maximum speed. m/s (0.1..60.0) 50
Power save functions disabled
— Window of averaging (0.16) 0
Distance fiter {0..16) 8
Advanced settings.
vats sz mze | rours| NN . Hedgshog oo
default - High resolution mode (mm) disabled
e — Accept new/wcken devices disabled
Inverss systsm
TR Distances orfy mode
eak-time Player Supply votage, V
Backward Forward High vottage. V'
‘Supply voltage motors, V 0.00
Desired speed. % (0..100) £
Speed base. cm/s 2000
2 Current speed, em/e 00
w22
Y=0.00 Height. m (-320.000..320.000) 0.000
ki Height, m (-320 000. 320.000) 0.000
Peak cument, A 0.000
Peak curent of motors. A 0.000
ez rotection by motors cursnt
T4V battery ==> USB enabled
Al >> Ukized energy. AT 00
[Nonc| Time to discharge, h 0.0
. . . Time from reset. hom's
b - 2018.09.12, 15:24:53 517 Temperature of ar, C (20 60) )
Measured temperature, “C
device ¥ | e
[ N ¥ e
| Radio frequency band v
device 1 et device 3 device 4 =20 device & device T deviee 8 device device 10 Savemap| | Loadmap
- e Reset /| [ “Sleep | | Wake up | | Tmesync © | Zer MU
device 1 device 12 device 13 Teegs device 15 devies 18 device 17 device 18 device 19 device 20 Erase map Wi Roset IMU
No plug X 1763, V: -5.62 0 Ototal, 0 failed (0%)
Fie Language View Fimeare Help
2 2 (V.13 oo ald. Update firmears. ~| [T [
U Marveimn b o e .
o W14 (V5.79) - 100 ol Update firmwar ~ [crom ooyt clip
— A Max_ deviaton for case. cm (0. 20000}
- A M condiionsl devistion. cm (0. 20000)
@ o v sron.cn B.2000___|
Locsmon updse te
LUpdate rats speedup. none.
Maamum speed_m/s {0.1.600) 50
Powe: save frcions dusbied
Window of aversging 10.16) ]
Q= :
Advanced settings
S | @ s
st I g e )
Sove scscensnot - Accsl pamwokin divcss dastisd
=
Freeze screen — | =
[IReakiime Payer Supply vokage. V.
Backward Forward B
¢ d Supply votage meton. V am
Desiwd speed. % (0.100) 0
Spoedbase. cuis ma
& e X Cunert e em/s (1]
m T T T — )
=w Heght,m (320,000, 320.000) o000
Peak curent. A 0000
Pesk curert of mton. A o0m
<< APt ko et
74V battary ==> USE anabled
Wbized erey, A oo
Time to dacharge. h oo
FRemove from network . . . Tine from reset, hms
Setup movement path 2018.00.12, 15:24:34.705 T df s CE20.60 n
Uplosd zones . . - [ ——
Manual setup coordinates W —% | RsSl.dbm
Satup color Rad requency band v
: ne hedae s
devies dovies devie? oot | deees devis 10 swamo| | Losamip
=] e B vems |G =] =] =) Reset Sieop [ Wakiup | Twmaic'] | Zam M
oevice 1 device 12 evice 13 hedas 14 javice 15 evice 16 sevica 17 owvice 1 davice 19 device 20 D
= ] = =0 B won [ SEE g SEE g = ) =) n e, WiE S T Flese MU
No plug X -640,¥i-675 0 totsl Ofeled (%)
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Choose any color which suits you and press OK

Fie_Langusge View Finmware _Help

u
u
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1
u
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L)
FEErEEET
Orpsnsndre et 33

o] “omea
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LN ==
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Now, the hedgehog and its tracking path will be colored
File language View Firwaare Help
A Marvelmind T B | I
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= = T
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7.14

Payload streaming (FNOOQ7)

Mobile beacon streaming user payload to modem. See the table with speed

vs. payload

Dashboard - robots management ¥5.47 ultimate

File Lanousoe | Wiew Firmeare  Substrabe  Help

m) Marve

Diats timeaut
e ——

User paylo.

v Ultrasound sand
clearmap v Symbolic dashboard

Table of distances
Ostilloscope
n-channel osciloscope

5-channel self-oscilloscope
Scan channels pairs
Ultrasound self calibration
Beacons docks calibration
Accelerometer data
Accelerometer calibration
Gyroscops data

Compass data (%,¥ axis)

Obstacles on map
Extrapolate hedgehog position

. A
A

Open window for view payload data

=0l x| '
] @

”»

=101 x|
read all write all
Hedgehaog mode enabled
Supply voltage, V 398
Height, m [-10.000..10.000) 0.000
Time from reset, homis O0:01:58 R
Measured temperature, “C 37
RSSI, dBm -41
Carrier frequency, MHz 433 400
Device addiess (0.99] B4
Channel a
Minimunn threshaold (-10..-2000) A0
Parameters of radio
Ultrasound
Interfaces
UART speed. bps s00000
Protocol on UART/USE output Marvelmind
Estemal device Enn_lml No contral
PA15 pin function USART Rix ]
Fiaw inertial sensars data dizabled \
User papload data size [0..32)

Misc. seftings

Hedgshogs pafing

—_—

Close | Pause | Clear | 1 tm
i)
| deviceBil [ ceviceB2 |- devies 6D F‘, o 2 savamap [ load map
P |
[ devicefs |- deviesBE | deviecE7 | deviesEB | ol e

reset | sleep |

User payload data size {coming
with system update rate)

UART receiver function should
be enabled to receive payload
data from user device

wake up | time spnc |

[ crre| despstesn |
I 15 lacr

default |

P ———=rY

[ TS [

All measurements were made with update rate setting 16 Hz. Real update rate

is limited by distance, radio profile and payload data size.

System configuration

Radio profile, kbps

data

User payload

cycle, bytes

Real
update
rate, Hz

per

User
payload
maximum
data rate
(bytes per
second)

2 stationary beacons,
3 meters maximum distance

500 (FEC)

0

32

512

153 (FEC)

0

32

512

38.4 (FEC)

0

32

256

38.4 (no FEC)

0

32

416

4 stationary beacons,
11 meters distance

500 (FEC)

0

32

448

153 (FEC)

0

32

384

38.4 (FEC)

0

32

192

38.4 (no FEC)

0

32

288
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7.15 IMU feature (FNOOO8)

This function allows to increase data update rate received from ultrasound beacon
with IMU due to sensor fusion up to 100 Hz, using inertial sensors (accelerometer,

gyroscope).

Required:

Starter set
- Hedgehog with IMU

- SW and firmware version 5.85 or newer

Ultrasound Update rate 4Hz or higher

Setup IMU feature:
Accelerometer calibration

- Before you start use the feature check
whether accelerometer has been
calibrated

- Check if hedge was not calibrated
before. Was damaged or fall down

- Put hedgehog on a flat surface
(antenna directs up) and connect to
your PC. Run the Dashboard

Go to view => Accelerometer calibration in
open window click autofill and clear table.

After all values will refresh. Next, click Pause
(shift + space)

D Dashboard - robots management V5.62 ultimate

File Language

Q) marvel
|

| clear map

Dots timeout

ann

-

View Firmware Substrate Help

Table of distances
Oscilloscope

n-channel oscilloscope
5-channel self-oscilloscope
Scan channels pairs
Ultrasound self-calibration
Devices multitest

Beacons clocks calibration
Accelerometer data
Accelerometer calibration %
Gyroscope data

10 Accelerometer calibration

P ¥ z
Ma 24 23 913
hin 24 23 313
Delta 0 I} 0
Zemn 24 2 913
4

1 -24 ] 913

Clage

- O X

Reset

Calibrate

Save

Load

Clear table
save line

pauze_button

() manual fill
(®) auta fill

Mumber of averages
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Then take the beacon (hedgehog) and tilt it to

. X m Accelerometer calibration
each side towards the ground (about 6 times).

. . b Ay Z

Rotate a little. You need to achieve x y z o 03 03 o
values: Min -1008 995 140
. Delta 2021 2me 2091
- When antenna directs down z = - 1000 —__ 5 W 14
=> antenna directs up z = 1000 3 0.930 0,991 0.975
181 -44 39 1126
- So, one of the axis values always will be 18 1 5 128
- + 1000. Others < 10 (preferably less 1;: '28 122 112:
10, but 25 is also permissible) 177 2 n 124
176 44 129 1114
- Every time before calibrating the |17 g 40 113
hedgehog click Pause 174 83 4 120
173 -45 146 12
- Accelerometer calibrator will choose the 1;2 1?33 ;: H;}
best value for each axe. At the end click |7, - e 110
Calibrate and close the window 169 7 3 1120
168 -4a 15 1124

- Calibration is needed to determine g

value for each accelerometer axe Clisz

Start the system:

Setup the system as usual. It is described in paragraph Setting up the system.

After the ultrasound tracking has started, select the hedgehog in the
Dashboard, go to menu Interfaces (on the right) and enable Processed IMU
data. After that, it is recommended to bring the hedgehog to real estate and
press the ZERO IMU button (right-bottom) for additional sub-calibration of the
gyro. After 5 seconds the hedgehog will begin streaming the processed IMU
data.

Using Data in the Python Library Example:
Description of the protocol for streaming data: (link)

To work with data, you need to use some ready-made library, or develop your
own software tools that can work with the described protocol.

Our company provides ready-made libraries for working with IMU in the
following languages:

- python (link)
- ¢ ++ (link)
- java (link)

An example with 3D imaging of a path on IMU with a frequency of 100Hz in real
time, here: https://marvelmind.com/pics/marvelmind-imu-tracker.zip.

- O X

Reset

Calibrate

Save

Load

Clear table

zave line

PAUSE OM

() marual fill
(® auto fill

Murnber of averages
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https://marvelmind.com/pics/marvelmind-imu-tracker.zip

7.16 IMU axis positioning

Super-Beacon IMU axis positions

HW v4.9 IMU axis positions

174
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Mini-TX IMU axis positions

Mini-RX beacon IMU axis positions

175
{mMarvelmlnd

robotics



176

7.17

Player feature (FNOOQ09)

This function is used to view the distance passed, the flight of the copter, etc. The
player displays statistics on the maximum and average speed, the path traveled

1.

Go to File=>player

Dashboard - robots management ¥5.62 ultimate

File Language  Wiew Firmware Substrate  Help

Parameters
Hedgehogs logging

Hedgehog buttons actions

d run installation file:

Logs Falder

Substrates folder
Screenshots folder
Oscilloscope folder
Mowvement programs folder

1.3.1_Setup.exe - for 32-bit version of “indows:
1.3.1_Setup_x64.exe - for 64-bit version of Windows.

und modem connection to computer through USE. IF modem is connected, may be, the diiver is not installed. To install driver, download it

Exit

clear map I |

This is how the starting player menu looks like

Select log — opens save log file

Play — launch the player

RAW - if clicked, player shows raw data

Smooth - if clicked, player shows smooth data

Dashboard - robots management ¥5.62_ultimate:

Fle Laousge View Frmware Substrate Help

A Marvelmind wadal | wrtesl ‘
robotic:
| || Starting beacon tilateration (0. 255 0 =
ﬂ x| Starting set of beacons 0: 0:0.0
Selectlog blas, devialionfor case, cm (0. 20000) 0
Maw. condtional devistion, em (0..20000) 100
M. tiangle deviation, cm (0..20000) 30
2018.01.30, 115857 Location update rate 16Hz
KN | Update rate spsedup none
. blasimum speed, m/s [01..60.0) 50
re— 3D navigation ensbied
- oy [ [owm . Wk thees atiod
= Power save functions disabled
[ ]| . Window of averaging (0.16) 0
P ;I Advanced settings
. High resoliion mode (i) disabled
X Accept new/woken devices disabled
Mawspesd i G000 II [T L
Aversge speed, km/h  [0.000 Supply voltage,
Totalpath passed, k[0 80000 Supply valtage motors, ¥ 00
Dsied speed, % (0.100) El
Sigma interval, 0.000 Mar. smacth forward 20 Spesd base, cds 2000
Sigmamovement,m  [A000  Smoohbackwad 5 Curent speed, oms 00
e« st ,n— Srnoothing threshold ,‘ET Height, m [-10.000..10,000)
Peak curent, & 0.000
P& [Pesk cuentof ot & 0,000
Exo I¥ Protection by motors curent.
7.4V battery == USE enabled
Utiized energy, & 00
- | 0/0 Vv - o | Time o dschage, b 00
¥ == |[Time fiom reset, s
i device 1 i device 2. i device 3. i device 4 i device 5 i device ' I device 7. ﬂ save map Ioad map I 2 L‘ ‘
e | s | wsew | twegne |
I3 device B I3 device 5. I3 device 10 i device 1 i device 12 i device 13 | device 14 L‘ erase map l_ CTAL [FE—— | default |
o plug X1 2.68. ¥:Z.14 [ [ [ lo o total, 0 Failed (0%) [ |
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3. Now log is loaded. Important: for recording log file click Save map for saving
all the beacons locations and attaching all the beacons to the log

Plaver x|

Select log
Ihedgehogs_201 7_11_16_h15.log . |

2071115, 10:23:15 20171115, 15:44:45 271116, 15:23:41
4 ‘J 2
&

2017.11.15, 15:40:06 2017.11.15, 15:51:00

At the top of the player you can see 5 outputs:

Currently Playing

I
Select log

Starting Lo
gLog \Ihedgehogs_201?_11_18_h15.Iog ‘ _| End of Log
2017.11.16, 15:23:41

2017.11.15,10:23:15 2017.11.15, 15:44:43

Start of g 5
P|ayback \J H ‘ J End Of Playback
20171115, 15:40:06 2071115, 15:51:00

Limited area distance between black triangles under slider. You can move
triangles and zoom, place cursor on the slider + mouse wheel. Triangles limit the
area in which player works and the statistics is calculated

Dashboard - robots management ¥5.62 ultimate =@ x|
File Language Yiew Frmware Substrate Help
)] Marvelmind N43 [V5.77) - too old Update firmware. =
robotics N45 [V5.77) - too old. Update firmware. L Selectiog
o = [hedpehops_2017_11_16_hi5 o
i) A
A M7INIG 102315 20171115, 16:4443 2071116, 15:23.01
j »
20171115, 15:40.06 20171115, 165100

Raw Smooth

- Pl
T O O O O O O O O O O O O O O T T I C al
p— ~

,
- ol
Dats timeout - - ¥ hedgs 71
=l []Illllll]IlII]II]IIII]lIIIIIHlI]II‘[[Il]]lllllI[Lllllll[lllll%llll
save soreenshaot J
hedge 45

fresze screen

Man spesd bt [518T
Aversgespesd kmh  [T823
Total path passed, km  [033119
Sigma interval, s W Max. smooth forward |zu—
p Sigma movement,m  [0.000 Smooth backward I
et [ smootingtheshod 7500

=30 887 3
Y=-18.508 l Close

Mazimum distance. m [1.100) 40
Stationany beacans visble enabled

6,408

DR e}

Service areas visible enabled

(SRR [an] (e (Busmns] [URae] [unireeze map | [Suoe se i enti
j wt | ebmen 2 shit m 100.00.100 00) 066
Submap'Y shift, m 100.00..100.00) 1575

e

—
o s s s e e s 3 o Submap ratation, degrees (-360.00..360.00) 1002 =l
| dees e | dedes [ dees deies e | dedes savemap | load map
reset sleep wake up time sync
erase may
| dedeed | deieed o dedeedll |G devieedl |G devieed2 | devicedS | deviee i 2 P [ om deepsleepl gt |

Mo plua ; 53,088, 1:25 539 [ [ [ f [0 tatal, 0 Failed (0%} [
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4. In play mode: grey points — RAW data, -

Smooth

Choose the hedgehog will be displayed

In the main Dashboard window, you can turn off
displaying service areas and stationary beacons

by clicking Serv
beacons visible.

ice areas visible, Stationary

Statistics displayed depends on the chosen
hedgehog in the list

Max smooth forward, smooth backward -

depth smoothing

Smooth threshold - smoothing ratio.

Dashboard - robots management ¥5.62 _ultimate
File Language Wiew Firmware Substrabs Help

) Marvelmind

robotic:

hedge 45

Service areas visible | enabled

Service areas achive | enabled

[V hedgs 67
[ hedge 71

hedge 45
Max. speed, km/h

IS 19
fiverage speed, km/h |1 530
Total path passed, km ID 38278

0119 Max. smaoth forward
IU 10 Smooth backward
|5— Smoothing threshald

Sigma interval, =
Sigma movement, m

Smooth fonsard

—
—
[Ew

N43 (V5.77) - tae old. Update fimware.

N1 (V5.77) - too old. Update firmware.
N45 (V5.79) - tao old. Update fimware.

=l T —————

Select log

L T m‘f INSBERNSAEE

: . 2017_11_16_h15log

2017.11.15,10:23:18 20171115, 15:42:34

ISEERNASARENENAN] !"41 LI

i dearman
Dats timeout

100 =
save scresnshot

freeze screen

&l

1 20171115, 15:39.06

Pause Raw Smooth

=
W hedge 67
W hedge 71

2017.11.16,15:23:41

2M7.11.15,1551:00

>

hedge 45
9 1~ Max. speed. kmvh
e

IBER

| Average speed. kmsh W

—:Tula\ path passed, km m

[0T78 Max. smoolh farward
[AT07 " Smooih backuward
[F Smookhngthieshald

( Signa interval s
1! Sigma movement. m

1 Smooth fomward

—
—
a0

Close.

o

Masimum distance. m (1..100) 40

Stationam beacons visible enabled
Service areas visible enabled
Service areas active enabled

Submap < shift, m (10000100 00) 0B

. Submap Y skift, m (-100.00.100,00) 1676
- Submap rotation, degrees [-350,00.. 360,001 0.0z -
B deveel | deice2 o deveed o deicedt | deviees | o deviceBl | device :I savemap | losd map ’ e d =
reset slesp. wake up fime sync |
e o R S O | e e e e (s e e

Mo gug [%: 35,049, V;3.713

[ [ [ lo

[0 tatal, O Failed (0% [
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7.18

Real-time player feature (FN0O010)

Real-time player is a feature, which makes the tracking path smoother. As far as it looks
backward and forward it certain latency based on the selected parameters.

File Lengusge View Fimmare Help

m Marvelmine
rgotic

T A
-3
Y
8 [ eie7 |[] deees [ aeiees [ seeenn
o O [ sweets [ awiests [ eweenm

Reaa ot virts ot
[ Copytochgbossd ]j103328 |
— e
[T rere
‘‘‘‘‘‘ [re——— T 50
Power save hcons desbied
X Widow of sverageg 11160 e
- Ditarce fher 0. 16) ¢
Advonced s e
p Hgh reschion mode ) eratied
. KontaNaitsr s
e e =
. Distances onky mods e
Suopy voage. V ==
Fioh votage. V =
.
Tempersure o . T (20.60) =
RSSI.dém 3
e — £33 MHe
= = 433400
Davcs adcrees 0,991 1
0
e o ko
)
Gerefmmnzng
EEmsea——" eratied
‘Service zones visble | sratled
Servee e scie enetied
R4
< e,
Swvemap|  Loatmap
— e akeip [ Tene 1y
erase mag) (] e [Dempmeen] | Deima

Connected COM3 3010, Y: 005

1 dtotal Ofailed [0%)

Real-time Player
Backward Forward

S

You can turn it off

[ ]Real-time Player
Backward Forward

]

3

Real-time player turned on by default

if you need less delay

You can tune it whether you need:

smooth tracking

smooth tracking

Tracking example:

Real-time player turned off

Backward — amount of dots which player ‘looks’ backward to provide

Forward — amount of dots which player ‘looks’ forward to provide

Fle Lingusge View Finmware Help
Q) marvelmind Readal Wrke 3l
robotics| T
CPUD Copyto clipboard | 183328
A B e [
- A © | e mewesde none
. . . Meimum speed, m/s (0.1 60.0) 50
.| Power save funcions | dsabied
. .| Wandow o averagng (0.16) []
Distance fiter (0..16) 0
Advanced setinge o
23 ; .. -
Goarmap VR Pl Hch eschcn e bm) enabled
=14 SATY
Dote timeout sec Y 270.000 Accept new/woken devices. enabled
5 it Ch [ s, e
. etod
Dotsszerode | . ‘ dssbied
setmat | . o 5 o aw
Sevescrvonha | e 5 2 v
. > i 000721 R
feceseen N L . . .. . . . . . |Tempemurecfar'C(20.60) 2
[[) Resk.time Pisyer . & RSSI. dBm 2
SactwarsForwera v & i |
R | S S S S e Bty e
S S Devios asdress 0.99) I
..................................... e e —
.« . e
20w Parameters of rado
-g-®. Intefaces.
e Geowierencing
* . x| Retonary beacons vable nbled
En
................ 1.3 . ".’“m 2 X332 = a4 Service mnes vable Snabied
bt = Yoo Sorin s wive ancbled
W c e 59
= | [fosze g |
S | BRI SRS e i Eaae
=) <
st cavess devic P « « P o Sevenas| | Losamap
o D = o 0 o o o Reset Siesp Wake up Time sync oro 1M
RSN (7 0 0 0 CTRSSESIEN (RSt [TRse . O e [Bes) [ owea st
Connected: COM3 X: 15565, ¥: -1.923 Rate: 6.0 Hz 3 691 total, 2 failed (0%)
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Real-time player turned on

File Lsnguage View Firmware Help

"y
L ymie
205

| Ressa Virte st
cruD Conyto chpboard
| Locaton pdate rate
| Upéste e specdip

| Maamum speed.m/s 01 60.0)

Conteeiemon |
N

Y =
O Semet | dewee2 | dewced | ) Geveed | [ dewesS | ) dewkeS | ) dewcel | ] devesd | [ deviesd | [ devce 0 Savemsp  Loadmap ‘ T TR R T TR T s AT A
P ] e [ e’ 2R
O st [ etz [ st [ Gvests [ dekets [ Sveeds [ Gl [ Sweets ([ cewets [ sz | [Ewsensp [ [erac]| [ossssies| | owae et I
Connected: COM3 X: 14682, Y: -1.442 Rate: 6.0 Hz 1 708 total, 2 failed (0%)
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7.19 CSV format

Current Dashboard version supports additional timestamp. See the attached
screenshot, the UNIX time in milliseconds is the first value.

In each line comma separated values, CSV:

- UNIX time in milliseconds (time since 1970.01.01)

- time from previous record in milliseconds

- time from running dashboard in milliseconds

- address of hedgehog

- X coordinate of hedgehog, meters

- Y coordinate of hedgehog, meters

- Z coordinate of hedgehog, meters

- address of stationary beacon

- raw distance from hedgehog to stationary beacon, meters

The last pair (beacon address, distance) is repeated n times equal stationary
beacons quantity in the system.

1494780417562 ,16,12287484,10,5.643,-0.553,0.453,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417609 ,47 ,12287531,10,5.643,-0.553,0.453,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417625 ,16,12287547,10,5.643,-0.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417687 ,62,12287609,10,5.643,-0.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417703,16,12287625,18,5.643,-0.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417703,0,12287625,108,5.643,-08.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417750,47 ,12287672,108,5.646,-06.550,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417812,62,12287734,108,5.646,-06.550,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417812,0,12287734,108,5.646,-0.550,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417843,31,12287765,10,5.646,-0.550,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417875,32,12287797,10,5.642,-0.553,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417875,0,12287797,108,5.642,-0.553,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417937 ,62,12287859,10,5.642,-0.553,0.466,12,6.347,13,3.172,14,9.813,15,5.837,
1494780417968,31,12287890,108,5.642,-06.553,0.466,12,6.347,13,3.172,14,9.813,15,5.837,
1494780418031,63,12287953,108,5.649,-06.551,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418078 ,47,12288000,10,5.649,-06.551,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418140,62,122880862,108,5.642,-0.553,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418140,0,122880862,10,5.642,-0.553,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418171,31,12288093,10,5.642,-0.553,0.466,12,6.463,13,3.169,14,9.813,15,5.837,
14947804182083,32,12288125,10,5.642,-0.553,0.466,12,6.463,13,3.169,14,9.813,15,5.837,
1494780418265,62,12288187,10,5.648,-0.551,0.459,12,6.463,13,3.169,14,9.813,15,5.837,
1494780418312,47,12288234,10,5.648,-0.551,0.459,12,6.345,13,3.172,14,9.813,15,5.844,
1494780418375,63,12288297,18,5.651,-0.549,0.459,12,6.345,13,3.172,14,9.813,15,5.844,
1494780418375,0,12288297,108,5.651,-0.549,0.459,12,6.345,13,3.172,14,9.813,15,5.844,
1494780418390,15,12288312,108,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418421,31,12288343,10,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418468 ,47 ,12288390,10,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418468,0,12288390,108,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418546 ,78 ,12288468,10,5.651,-0.552,0.459,12,6.346,13,3.175,14,9.812,15,5.846,
1494780418546,0,12288468,10,5.651,-0.552,0.459,12,6.346,13,3.175,14,9.812,15,5.846,
1494780418593 ,47,12288515,10,5.651,-0.552,0.459,12,6.346,13,3.175,14,9.812,15,5.846,

Unix time {time

< Heggehog N10 Raw distances to stationary beacons:
since 19700101 fTime from X= 5.651 m N12: 6.346 m !
in milliseconds), running Y= 0552 m N13: 3.175 m
dashboard Z=0459m N14:9.812 m
Time from (milliseconds) N15: 5.846 m

previous record,
milliseconds

181
c{mMarvelmlnd

robotics



182

8. Interfaces

Indoor “GPS” system supports many external interfaces that can feed measured
location data to an external system (robot, copter, VR, etc.).

There are two different ways to obtain the mobile beacons’ location data from the
system:

1. From the mobile beacons

- Each mobile beacon knows its own position and does not know
the positions of the other mobile beacons

2. From modem/router
- Knows position of every mobile beacon in the system

Data from the mobile beacons and from the modem can be obtained at the same
time, if necessary

A list of the supported interfaces is shown below.

More information on the interfaces can be found here:
http://marvelmind.com/#Interfaces.

Supported interfaces

Mobile beacon: ¢ Integrated with: * Sample code:
— UART — Windows (PC & tablets) - C

— SPI — Linux — Python

— Virtual UART via USB = MacO0S

— NMEA — Android (beacon)

Modem: — ROS (beacon)

— UART — Raspberry (beacon)

— opl — Arduino (beacon)

. . — PixHawk (beacon)
— Virtual UART via USB

{mMarvelmlnd
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http://marvelmind.com/#Interfaces

8.1 Super-beacon external interface pinout top view

Super-beacon external interface 4x4 pinout

. - External pins

@ - Internal solderable contacts

spi1_scK1 SEED:
SPI1_MOSI1
. USART2_RX1

VCCA
(€]\[p

USART2_TX1

MIC4D MIC1C

MIC2 data

NIC2D~VCC.

12C1_SCL1

MIC3 data /
PPS

GND

e
)
O
)
O

MIC_ clock

DAC

183
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8.2 Beacon HW v4.9 external interface 4x4 pinout top view

Beacon HW v4.9 external interface 4x4 pinout

-

°Q])Marvelmmd

robotics
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8.3 Modem HW v4.9 external interface pinout top view

LLLRRRRRRILL
o

GPIO 1

o
=

12C1_SCL

Ground

Reset
Ground the pin

USART2_RX

USART2_TX

GPIO 2

DFU MODE

To turninto DFU mode
circuit these two pins

Not connect

Not connect

Not connect

SYNC_OUT

°imMarvelmlnd
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Q 8.4 Mini-RX internal solderable pinouts (for experienced users
only)

Use it only if you sure that you can solder it correctly
Do not forget to turn off the beacon with DIP-switches

If you solder bad and kill the beacon, Marvelmind team won’t be responsible for it

To get UART data streaming from beacon Mini-RX, you must solder to the pins on the board.

Mini-RX internal solderable pinouts

@ - Internal solderable contacts

il S

*BAT - you can disconnect internal battery and supply here an external power source of
3.5V-5.2V to the point with current up to 50mA

186
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@ 9.Advanced system settings and optimization

187

Start using advanced settings only when you are confident with the system.

If you run into trouble, connect the beacon or modem to the PC via USB and use the
DEFAULT button. It will upload “factory settings” to the board while keeping the
device address untracked.

Camier frequency, MHz 433.400
Device address (0. 59) 1
Channel 0
Parameters of radio
Intefaces
Georeferencing
Limitation distances auto
Service areas visible enabled
Service areas active enabled
Submap X shift, m (-100.00..100.00) 0.00
Submap Y shift, m (-100.00..100.00) 0.00
Submap rotation, degrees (-360.00..360.00) 0.00
reset | :.hap wake up tima ayne
l:l CTRL deep sleep default
|
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@ 9.1 Building big maps in Inverse Architecture (1A)

o This chapter is applicable only for Inverse Architecture
9.1.1. Introduction

In this chapter we described building big maps in IA. It has differences from
classic NIA map building because we have more than 1 ultrasonic frequency, and
we need to make sure that they do not interfere with each other. Please, read
carefully.

A map is a system unit that includes submaps, stationary beacons and service
zones within which positioning of mobile beacons is ensured by ultrasonic
signals from the stationary beacons of this submap.

Handover zone (marked blue)

roos | [

Service zone Submap0

/I Mobile beacon

| ——] Service zone Submap1

¢ - - - - - N e R /{\ Stationary beacon
Al i X | ) i :
None | | i l________A_ ________ 17 Vi E— ﬁ

)|
r’?‘!- s
Submap0 tab S e | o e e | Al | Mo
#€Gcon | Beacon |[ Beacon A tHedge |[] Devicet 0 =

Submap1 tab

X: 1323, Y: 2410 70 tyftal, 2 failed (3%)

Submap0 (beacon 10 + 11) Submapl (beacon 11 + 12)

The main parameters of a submap are its size, frequencies, jitter codes and
TDMA position of stationary beacons, by which mobile beacons can not only be
positioned, but also determine in which submap the mobile beacon is located.
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9.1.2. Map

Map — the biggest unit in Marvelmind Indoor GPS. It consists of submaps and
form full map of all stationary devices you have. After you build and tune all the
submaps, waked up mobile beacon, you have to click on Modem icon and Freeze
the map. It is the final stage of building the system. After you freeze map, tracking
will appear.

You can Save, Load, Erase map:

Map Settings offer some helpful tools, it is situated in the right bottom corner of the
Dashboard:

- Save map — saves map as .ini file into Dashboard folder/maps
- Load map — loads map from .ini format file

- Erase map — erases map and clears it

Save map Load map

Eraze map
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9.1.3. Submaps

Submap is a logical unit. A part of the map. It unites beacons to work together in
the system. Submap can contain from 1 to 4 beacons. It can be 1D, 2D, and 3D.

Different types of submaps can be used together. Mix 1D, 2D, 3D as you wish.
Map of the office floor, for example, may contain 1D submap for corridor, 2D/3D
submaps for office rooms. All that submaps will form a big map with coverage
you heed.

Submaps can contain the same beacons. It makes possible to use 3 beacons
instead 4. It is very helpful in the 1A because we are limited with 5 ultrasonic
frequencies.

Example 1. Used 3 beacons for 2 2D submaps. Beacon 11 — neighboring. It
belongs to Submap 0 and Submap 1 at the same time. 2 vacant frequencies left:

)
P~

« @éA_,m_Ai

»

Example 2. Used 4 beacons for 2 2D submaps. Submap 0 and Submap 1 are
independent. 1 vacant frequency left:
Y A
A

« © A 0 o A

»

Different configurations suit different cases. You can also have submaps with
neighboring beacons and submaps without it on the one map.
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9.1.4. Submaps’ service zones

Service zone (or service area) is an area which serve submap. Service zone must
be drawn for any submap you build. It helps to divide tracking between different
submaps and outline the area of responsibility of every submap.

How to create a service zone:

Choose submap (click on the submap icon)

Use SHIFT + Left mouse button on the map to create point.

]

Use SHIFT + Left mouse button on the point to delete it.

Put points around submap, move them to provide service area for current
submap. Service areas will cross each other. If hedgehogs get lost

between two submaps expand the service area

i A
_.._.._T.__.A_
X=3810
Y=2420
221850
=
Xs'-37H S o \
e ,
s ® 2
X=2.284
Y=4073
Z=18%
of X=2080 . 4 K?EZ‘}?‘.
. o wE
y L )
Al
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9.1.5. Handover zones

Handover zone is an area which creates when service zones cross. It serves to
make a smooth transfer of mobile beacon from service zone of one submap to
another

Handover zone (marked blue)

How to create Handover zone correctly

Size of a Handover zone may be different and depends on the mobile beacon’s
speed and system’s update rate. We recommend testing it with the speed of your
mobile beacon mounted on a person/robot/copter. General recommendation is —
to make handover smooth and correct, make sure that your mobile beacon makes
at least 4 refreshes in a handover zone.

Look at the following examples:

Example 1: Normal handover zone:

/\ Hedge made 4-5 updates -

e e oD
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Example 2: Small handover zone:

A

:I’ 'III:IIQ

A

.

Example 3: Very small handover zone:

; 8 A P
/EEEEEN

A

_

o

.

p—~

Example 4: No handover zone:

'II:III:IIQ

1

Hedge made 2-3 updates —

Hedge made 1-2 updates — NOT ENOUGH

Service zones not cross — NO HANDOVER ZONE
CREATED, NO HANDOVER BETWEEN SUBMAPS
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9.1.6. Beacons’ ultrasonic frequencies

Beacons must have different ultrasonic frequencies in IA. It can be used for
different aims and different cases.

Please notice that is hardware defined and cannot be just changed via settings in
the Dashboard

Different frequencies can be used:

- InlA as a basic rule of Inverse Architecture’s functionality
- In NIA (Multi-frequency NIA) to increase update rate for multiple mobile
beacons

To make it easy to distinguish, stationary beacons with different frequencies in
the Dashboard colored in different colors:

. - 19KHz beacon
- 25KHz beacon
. - 31KHz beacon
- 37KHz beacon

- 45KHz beacon
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9.1.7. Beacons’ jitter codes

In order for the beacon to be able to move between submaps, the service zones
of these submaps must intersect, the intersection area of the service zones of
neighboring submaps forms a handover zone, when the beacon enters the
handover, it becomes possible for it to go to the neighboring submap. This
ensures the positioning of the beacon on the entire area of the map.

Jitter is a code corresponding to a stationary beacon, depending on the code, a
stationary beacon introduces a delay before emission and, accordingly, the
received signal will be delayed by this value, the mobile beacon knows this delay
by the emission cycle number and makes the appropriate distance adjustment.

Jitter codes, sets of ultrasonic frequencies and TDMA makes every submap
unique and let mobile beacon displays in correct submap.
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9.1.8. Examples of map building and beacons’ placement

To make it possible for beacon to switch from the current submap to the
neighboring one, the unigueness condition for the frequencies of neighboring
submaps is required, i.e. for any submap, all adjacent submaps must not have
repeating sets of frequencies + jitter codes + TDMA sequence, it should be
unique set for every submap.

How to decipher the notation below:

19kHz(jo, T1) 19kHz beacon, jitter=0, TDMA 1

Sets of frequencies:

Example 1:
19(j0, TL)kHz 25kHz(j0, T1)  31kHz(j0, T1) 45KkHZ(0, T1)  19kHZ(j0, T1) 25KHZ(j0, T1)
O €~ S oy VY
> i [ \
Submap0 : : Submap2 :
1 1

...................................................
The same frequency sets
The same jitter codes for beacons

The same TDMA sequence

Submaps the same - INCORRECT

In this example, submapl has two adjacent submaps with the same
frequencies (19-25kHz) — It is INCORRECT.

Example 2:
19KHz(j0, T1) 31kHz(j0, T1) 45kHz(jo, T1) 19kHz(j0, T1)
O- D . Y,
( 1 i
Submap0 : : Submap2
1 1

—

__________________________________________________

Different frequency sets
The same jitter codes for beacons
The same TDMA sequence

>

In this example, sets of frequencies are: 19-31kHz, 31-45kHz and 45-19kHz,
while there are no repetitions in adjacent submaps, while further construction
of submaps using the same frequencies is allowed, i.e. 19-31kHz, 31-45kHz,
45-19kHz, 19-31kHz, 31-45kHz, 45-19kHz, because in this case, repetition
does not occur — It is

{mMarvelmlnd



Jitter codes:

To make it possible for beacon to determine which submap it is located, it is
necessary to fulfill the uniqueness condition for the set of frequencies and jitter
in the submap with respect to the entire map. It allows to use the same sets
of frequencies.

For instance:

Example 1:

19kHz(jo, T1) 31kHz(jo, T1) 45kHz(jo, T1) 19kHz(jo, T1) 31kHz(j1, T1) 45kHz(jo, T1) 19kHz(j1, T1)

31KHz(j0, T1) N 45kHz(j0, T1) 31KHz(j1, T1) X 45kHz(j0, T1)

The same frequency sets

Different jitter codes for beacons
The same TDMA sequence

In this example, frequency sets are: 19kHz(jO, T1)-31kHz(jO, T1), 31kHz(jO,
T1)-45kHz(jO, T1), 45kHz(jO, T1)-19kHz(jO, T1), 19kHz(jO, T1)-31kHz(j1,
T1), 31kHz(j1, T1)-45kHz(jO, T1), 45kHz(jO, T1)-19kHz(j1, T1), while there
are no repetitions within the entire map — It is map building

The following particular qualities must apply to handovers, within one
submaps, the handover zones of other submaps cannot overlap, switching to
a neighboring submap is possible only from a handover between these
submaps.
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TDMA sequence:

As far as we have only 5 ultrasonic frequencies, when we build big maps and
when ultrasonic signals may interrupt each other, we must use TDMA. In this
case submaps that cannot be used together will work alternately. Please
notice that update rate falls by a multiple of TDMA sequence. If you have 8Hz
basic update rate without using TDMA, 3 TDMA sequences will make it 8/3Hz.

TDMA is the mode of sequential radiation, when for each stationary beacon the
number of the cycle in which it should emit and the number of cycles of radiation

after which these numbers are repeated is set
We have 3 TDMA types:

- Type 1 - TDMA as NIA multiple beacons’ working algorithm

- Type 2 - Full-overlapping TDMA (For better coverage in 2D). See more
on TDMA chapter

- Type 3 - TDMA for huge IA maps building (described below)

For building huge maps in I1A, we need TDMA Type 3.

Example 1:
19kHz(jo, T1) 31kHz(jo, T1) 45kHz(jo, T1) 19kHz(j0, T2) 31kHz(j0, T2) 45kHz(jo, T2) 19kHz(jo, T2)
( i { (3 i { i
: Submap0 : : Submap2 : : Submap3 : : Submap5 :
Ly ) " [ 1 1 " A
....................... < e e e e e s e St - e e e e e e e o
N\ 4
N 4
N 7
N 7
N\ 4
31kHz(j0, T1) N 45KHZ(j0, T1) 31kHz(j0, T2) 7 45KHZ(j0, T2)
g :
The same frequency sets
The same jitter codes for beacons
Different TDMA seauence
AWM I d
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Example 2:

For example, a 100x100 meter map in open-spaced area consists of 55 submaps,
the vertical rows of submaps are the same, but operate in different TDMA loops using
TDMA type 3. In this example we used different colors for every TDMA position in
sequence. TDMA 1(red) submaps emit first, TDMA 2(green) submaps emit second,
TDMA 3(blue) submaps emit third:

TDMA 1 TDMA 2 TDMA 3 TDMA 1 TDMA 2 TDMA 3 TDMA 1 TDMA 2 TDMA 3 TDMA 1 TDMA 2
Tokrz N @ 10krz N @ 1okAz - W@ Tokrz N @ 1okAz Ny @ 1okHZ TS @) Tokrz Y 0k W@ k2 W@ 0k Q)T 10Kz
1 1 1 1 1
i i 1 H i 1 i 1 i
i 1 1 H 1 1 1 1 1
A ! P ! | ! |
SMO0 : SM5 : SM10 : SM15 : SM20 : SM25 : SM30 SM35 : SM40 : SM45 SM50 :
H i 1 H i 1 1 1 i
i 1 1 H 1 1 1 1 1
H 1 1 i 1 1 1 1 1
i i 1 i i 1 i 1 i
__________ 1 ————— i ———— —————t o, _————— ————— [ _————
GLZTER- (U IRE 2 (AR (L3Ta7 1> (U3t > GUatdi > (U3Taz - (L3t QLafn _ (Ualen X QLatd Y

SM1 SM26

%)
=
=

1
1
1
1
1
smiz 11 swie
1
1
1
1
1

2]
<
N
=

1 1 1
1 1 1
1 1 1
i i i
SM31 SM36 : SM41 : SM46 SM51 :
1 1 1
1 1 1
1 1 1
1 1 1
| 1 |

U387 Q4507 % Lok QL5 4 QU askiz, % R A50 RLaskz A QL350 QLo A (RLa5kmr, 4 (A a5k 4

£

1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
' : ' : : :
SM2 sm7 | SM12 1 SM17 sm22 | SM27 1} SM32 SM37 i SM42 SM47 SM52 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
............ [ NN iy S B QY B WY Jy R USRS 5 TR I —— R
QUISHETN QrIgdz X QUIFIZ - QUIgEz X QUiskiz N QUIXEZ - QLIXEZ X QUIdbz X QIEkG N QRUISEZ X (TIS0z -
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
SV} sme | sM13 |} SMm18 sm23 | sm28 | SM33 smss | sm43 | sSMm48 sMs3 |
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
' : : : : : :
............ Ly op—— SRy SR - S = e SR S —— PR y— - e
L30dz - X (L3002 X GeLakar X (L30dz - X (L3kbz - X (L3KEz - X (PL30Ez - X (L30kbz 2 (LK Z X (C3&Ez 2 X (WI30Ez X
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
' : ' : : : :
sm4 sMo | SM14 1} SM19 sm24 | SM29 1} SM34 SM39 i SM44 1| SM49 SM54 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1) 25kHz D) 2skHz  } (1) 25kHz  J(1) 25kHz 1) 25kHz  } () 25kHz (1) 25kHz 1) 25kHz  J()2skHz  J(1) 25kHz @) 25kHz )
— - - - ¥ L4 AR — - ST - - L4 - - - ’ ¥ L4 o ’ " e ’

Moreover, the map consists of 6x11 = 66 stationary beacons, i.e. 11 beacons of each
of the frequencies combined into submaps: 19-31kHz, 31-45kHz, 45-19kHz, 19-
37kHz, 37-25kHz.
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9.1.9. Map building

Before building a map, you need to determine the need to use jitter and if it is
necessary to select a mode, the modes differ in information capacity and
transmission speed, i.e. for how many cycles the jitter code is transmitted:

- Jitter Model - information capacity = 6 bits, and transmitted in 2 cycles.
- Jitter Mode2 - 8 hits, 4 cycles.
- Jitter Mode3 - 4 hits, 8 cycles.

The beacon movement introduces distortions in the definition of jitter code,
therefore for objects moving fast, the most suitable mode is 1. So using 5
frequencies you can build 10 unique sub-maps in a set of frequencies, without
using jitter, if this number is insufficient or not in the presence of a complete set
of frequencies or you cannot use them because of the requirement of uniqueness
of neighboring sub-maps, use jitter.

For example, when using Jitter Model and only two codes 0 and 1 for each
stationary beacon, from 10 initial combinations, you can get 40 submaps,
because each submap contains two beacons and, accordingly, 4 combinations,
however this number may turn out to be slightly less when one stationary beacon
enters into more than one submap, because the number of combinations is

reduced. You can select a mode in the Dashboard menu.

You also need to select Jitter granularity, each ms is 0.343m i.e. 3ms

corresponds to 1.03m, which is enough for most cases.

You also need to select the Jitter area, this parameter indicates the
neighborhood around the jitter value, which is considered a valid deviation of the
jitter value, if this deviation is exceeded, the accepted jitter value is considered

incorrect and does not take part in determining the submap.

Read all

CPUID

Copy to clipboard

Fimware version

Location update rate
Update rate speedup

0F233%6
Modem HW v4 S

8 Hz

Shr graseduly. s (1. 10)

Jitter area(O 50)

Select and set the Code of jitter in the menu of the emitting beacon

Mumber ot penods (1. TULU)

Code for jitter TX (0..63)

TNMA made

BL
1
THMA mode 1
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Next, you need to choose submap 0, add the beacons included in submap 0, and
set the jitter code for them.

None:

-

I - ]

_ [0 Device? |[] DeviceB [] Device3 [] Deviceld [] Dewicell [
Indoor GPS Beacon13 | [] Deviceld [ Devicets [ Devicete [ Devicetz | [

If the distance is determined correctly in the automatic measurement mode, you
can leave it in the distance table unchanged.

m) Marvelmind 20 mede (two beacons)
robotics

._'f_
Floors

If you need to change it, you can do this through the context menu. See detailed
description of manual map building in the Operating Manual — Table of
Distances chapter

an P
Floors

Freeze distance for pair

Freeze average for pair

Don't use distance

Clear map ot Freeze all
Dots timeout, sec ol Unfreeze all
1
—— Enter distance for pail
Dots size mode o) e
default i _ 1 Clear cell
Save screenshot xxB

And set the required distance manually.
Enter distance 002==>013 X |

Enter distance 002==>013 (meters)

= |
¢ Cancel

Then you need to move the submap to the desired coordinates, using the settings
of the submap (click on the submap’s tab icon and settings tab will appear in the
right side of the Dashboard), to specify its displacement and rotation

Submap X shift, m (-320.00..320.00) 0.00
Submap Y shift, m (-320.00..320.00) 0.00
Submap Z shift, m (-320.00..320.00) 0.00
Submap rotation, degrees (-360.00..360.00) 0.00
Plane rotation X. degrees (-360.00..360.00) 0.00
Plane rotation Y, degrees (-360.00..360.00) 0.00
Plane rotation Z, degrees (-360.00..360.00) 0.00
Service zone thickness, m (-320.00..320.00) 0.00
Hedges height in 2D mode. m (-320.00..320.00) | 0.00
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robotics


https://marvelmind.com/pics/marvelmind_navigation_system_manual.pdf

202

After that, you need to freeze the selected submap, create the next one by
pressing the “+” button, make it active and repeat the operations starting from
adding beacons to the new submap.

+

When all the submaps are installed and frozen, you need to turn on all mobile
beacons, add them to the card and freeze the map.

After freezing, the parameters of stationary beacons and submaps are transferred
to the beacons and stored in flash. Further, to change the parameters of the map,
you will need to unfreeze it and freeze it again in order to repeat the transfer of
parameters to the beacons.
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9.1.10. Testing

The ability of a beacon to correctly position itself and determine the submap in
which it is located completely depends on the correct measurement of the
distance to each stationary beacon

Stationary beacons in a submap emit at different frequencies. It is important to
ensure the same reception conditions from different stationary beacons and
frequencies, respectively, because the emission spectrum at one frequency has
limited suppression at a neighboring frequency.

The signals can flow into adjacent frequency channels, this is reflected in the
appearance of false triggers and incorrect determination of the distance, as a
result of incorrect positioning, incorrect jitter detection and, accordingly, incorrect
determination of the submap.

To find the causes of such problems, the dashboard has a digital oscilloscope
mode, it displays the envelope of the received signal and trigger triggers. It is
necessary to verify that the main candidate corresponds to the actual distance
and that there are no other candidates that could interfere with the correct
measurement.

D Oscilloscope — O X
Signal from beacon 13 |Shift.om _ Scale Speed of raise
0 ? 0 1 0.0 max 00 K 10(77,4,3)
only selected transmitter T » cleat min: 0.0
400 013==002
Ftz= 31000 Hz
200 e
o
RX amplifier
o 1 o
-4004
-600+
8004 - -
10004 - -
1200+ --
1400 - -
16004 -+
NOD2=-63dBm
e 7| No13-46Bm
-20004
meters
Show signal Show trigger

_ Save Save and close Close Freeze Capture Clear
s Show captures

As a rule, false candidates preceding the correct one are a consequence of the
penetration of a different frequency, you can check this by turning on the “only
selected transmitter” option, and only the selected beacon on one frequency will
emit, if the false candidate disappears, then this is penetration of a different
frequency and you need to check whether the restrictions are met described
above.

Another case is re-reflection, when the signal reflected from neighboring objects
and turns out to be higher than the main candidate. As a rule, in this case the
false candidate is further than the main candidate, but it cannot be much further
due to attenuation. In this case, you can use the “Min. over raise for new front”
beacon’s setting.

v - T
Min. over raise for new front (0..200) | 0

This parameter prefers the candidate who is closer.

When positioning is done correctly, you need to make sure that the given jitter is
correctly estimated, the stationary beacon emits a signal without delay and with
a delay equal to the jitter code multiplied by granularity, in an oscilloscope this
looks like a shift of the main candidate by jitter.

Map built, tested and ready to use.
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9.2

Stationary Beacon v4.9 1

ones

,,,,,,, = p‘l T h
g 1 ir RS D
Fully crossing service | %} ) | L

Obstacles —

Listening TDMA submap 1| -

Bad because of obstacles

Mini-RX beacon (mobile)

Listening TDMA submap 2 |____

Good for tracking

Stationary Beacon v4.9 19KHz |\
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TDMA Type 2 - Full-overlapping TDMA

The steps below describe how to run 1A with TDMA feature, which helps to improve
the tracking quality in complex situations.

9KHz Submap 1’s service zone | Submap 1 (blue)
\ : /| (19KHz+31KHz)

F
ol

S ™ submap 2 (red) (19KHz+31KHz)
Submap 2’'s service zone ¢

Suitable for IA only. Use IA Software

Beacons HW v4.9 should have different frequencies

When you work with two TDMA submaps, update rate reduces twice.

10.1.1. Mount stationary beacons in according to the TDMA chapters in
Placement manual.

10.1.2. Wake up beacons included in Submap0. Enter the values in the table
“distance between beacons”, Freeze it. If necessary, set the shift,
rotation, height, etc. Draw a service zone (More info: Submaps feature
description).

10.1.3. Wake up beacons included in Submapl. If the submap uses beacons
from other submaps, you must add them to the current one. Draw a
service zone, fully crossing with SubmapQ’s service zone.

10.1.4. If submaps with the same set of frequencies intersect, it is necessary to
use TDMA. (This is the mode of sequential radiation, when for each
stationary beacon the number of the cycle in which it should emit and
the number of cycles of radiation after which these numbers are
repeated is set)

For example, in the room there are beacons 19kHz, 45kHz and two
31kHz and submaps respectively 19kHz+31kHz and 31kHz+45kHz
both include beacon 31kHz, therefore for all beacons the length of the
TDMA sequence is set to 2, while the position in the TDMA sequence
for beacons in 19kHz+31kHz submap is set to 0, and for beacons in
31kHz+45kHz submap is set to 1. As a result, the radiation of beacons
in submaps occurs sequentially, first 19kHz+31kHz submap, then
31kHz+45kHz submap. You can also use absolutely the same set of
frequencies in submaps (Submap0 = 19kHz+31kHz, Submapl =

/| Stationary Beacon v4.9 31KHz
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19KHz+31KHz)

Duty, % (1..99) 50
1 00
ooy
TDMA sequence length (1..8) 1
TOMA position in sequence (0..7) 0
Amplifier limitation (calibrated] 4000
Amplification AGC

10.1.5. Activate mobile beacons.

10.1.6. Freeze the entire map. Now, you can work with it.

10.1.7. If you have any jumps, that can mean that you have wrong submaps’
positions. Unfreeze all and try to move it until you get their correct

positions.

TDMA modes:
System supports two modes of TDMA:

— Mode 1 (Adaptive): Hedge determines which submap sees it better at
the moment, and tracks in it. It can give better tracking, but in bad

conditions, it may cause mistracking

— Mode 2 (Classic): Hedge tracks in two submaps one by one. It can give
solid 50/50 tracking in conditions where one submap can’t see the
hedge at all. After measurements, Real-Time Player makes tracking

smooth, filtering out mistracking

Each mode has its pros and cons. Try them both and choose the best suiting

for your case.

How to change modes:

— Choose hedge

— Go to Ultrasound -> TDMA mode

— Left mouse button click to change

Utrasound
Mode of work Marmal
Analog power in sleep enabled
Power after transmission tum off
Transmitter mode PWM
Frequency. Hz (100..65000) 31000
Duty, % (1..55) 55
Mumber of perods {1..100) 33
TDMA mods @
Amplification manual
Receiver amplfier (0. 40G5) 200
Time gain control disabled
Mode of threshold automatic
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9.3 Increasing update rate

The update frequency is affected by 2 main parameters:
1) Radio profiles
2) Room dimensions (tracking areas)
If you need to tune the update rate of tracking, do the following:
1) Radio profiles:
There are 3 radio profiles available: 38kbps, 153kbps, 500kbps:

— 38kbps is the slowest, but is able to cover a greater distance
— 153kbps - average speed, overcomes the average distance (default)
— 500kbps is the fastest, but works at a shorter distance

Accordingly, to raise the update rate, we recommend switching to 500kbps.

How to:
In the settings bar of each device in the system (including modem),
change the Radio profile parameter to 500kbps (or any you need). It is
situated in the Dashboard, on the right side of the Dashboard screen.

Tip: Change the beacons’ profile before modem’s, in order not to lose
your beacons. It allows you to do it remotely
2) Room dimensions (tracking areas)

Update rate is also having linear dependence with tracking distance (distance
between stationary and mobile beacon):

Longer distance — lower update rate
Smaller distance — higher update rate

If you have room 10x10m, change maximum distance setting. This will limit
the system to the maximum measurement distance.

How to:
— Go to the submap settings (click on the submap icon)
— Change maximum distance value in meters (20 is a default)

Tip: Do not enter very small value, use 1-2 meter’s margin. Also, do not
use 20 meters if you have small tracking area. Tune carefully
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9.4 Reducing location update latency

Exact latency depends on many factors:

— IlAorNIA
—  From modem or from the beacon
— IMU sensor fusion or regular ultrasonic only
— Radio profile
— Realized update rate
— Any sort averaging or Real-time player enabled or not
The range is:
~ 12ms for data from a mobile beacon via USB with IMU fusion enabled and not
averaging at all
~ 150ms with 30m-submap and update rate in ultrasonic of 7Hz and not
averaging
~ 2 seconds with the same settings as in (b), but Real-Time Player with settings

16, i.e. it takes into account up to 16 previous readings before giving out the new
one

9.4.1. What affects delay:

9.4.1.1. Real Time Player in the Dashboard (For NIA)

Real-time Player
Backward Forward

s |

9.4.1.2. Real Time Player in hedge (For 1A)

Realtime player disabled
Realtime player backward (0..127) 3
Realtime player forward (0..127) 5

9.4.1.3. Window of averaging and Distance filter settings in modem (For NIA)
Window of averaging (0..16) 4
Distance filter (0..16) 3

9.4.1.4. Prefiltration coefficient and Ultrasonic filtering settings in hedge (For 1A)
Prefiltration coefficient (0..127) 0

Utrasonic fitering (0..255) | 40

9.4.2. How to decrease latency:

9.4.2.1. Turn off the Real-Time Player (works for IA and NIA)

[ ] Reaktime Flayer
Backward Forward

€

9.4.2.2. Change the Window of averaging and Distance filter settings value to 0
(For NIA):

— Choose Modem ->Window of averaging (in the right tab) -> Enter
0 value

— Choose Modem -> Distance filter (in the right tab) -> Enter 0
value
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9.4.2.3. Change the Prefiltration coefficient and Ultrasonic filtering settings value
to 0 (For IA):

— Choose your mobile beacon. Go to Ultrasound -> Prefiltration
coefficient -> Enter 0 value

— Choose your mobile beacon. Go to Ultrasound -> Ultrasonic
filtering -> Enter 0 value

9.4.2.4. Complete. Latency reduced
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9.5 How to Place Beacons

Avoid placing beacons on long sound-conducting objects
This is very rare but may happen under some special circumstances.

The best practice is to place beacons (stationary and mobile) in places that would
not result in the transfer of ultrasound energy from the beacon’s board/case directly
to the place it is attached via a medium other than air. For example, solid attachment
of a beacon to a long horizontal metal tube may result in the following:

- Sound emitted from the beacon propagates directly to the metal tube.

- Propagation losses inside metal are much smaller than in the air
Moreover, the tube may act as a low-loss waveguide.

- If the tube is solid enough and long enough, there may be an unusual
effect where the receiving beacon receives the signal sooner than
expected, i.e., sooner than the distance divided by the speed of sound in
air. That happens because the speed of sound in metal is much higher
than the speed of sound in the air. The ultrasound signal may even look
stronger than the real signal propagated through the air due to the lower
amount of losses of ultrasonic in metal than in the air.

- It is good practice to place beacons on something relatively soft or
something that does not conduct sound.

Place beacons in a way that provides the proper ultrasonic coverage. It must
be one beacon in the line of sight of minimum 2 beacons. Try to locate them
under ceilings to avoid shadows, walls etc.

- Optimal settings for stationary beacons in small and big rooms.

- Use 30-50 ultrasonic pulses for larger places and the default 5 pulses for
smaller places.

- Optimal settings for noisy environment.

There are several ways to reduce impact:

- Mobile beacons can be placed very close to the source of noise without
harm, but stationary beacons should be placed further from the noise
because they are receiving the ultrasound, whereas the mobile beacon is
emitting the ultrasound.
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9.6 Using the Oscilloscope

Monitor the ultrasonic signal from one beacon to another

Use Dashboard => View => Oscilloscope to monitor ultrasonic signals from

one beacon to another

It is a very powerful tool, because it also gives information on the background
noise, level of the signal, echo, etc. With this tool, it is easy to set up the proper
ultrasonic threshold on the Dashboard.

Echo

External noises look

similarly. Thus,

choose the

ultrasonic threshold
below this value, for
example, -500 to -

2000

number and
Enter

Type the reference beacon

press

Ultrasonic signal
front

Trigger (red line)

Emittion counter
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9.7 Proper Ultrasonic Signal Detection

This chapter mostly related to HW v4.9 beacons. Super-Beacons, Industrial Super-Beacons have
high-power digital microphones for noise filtering and proper signal detection. Anyway, if you have
problems with signal detection, read this chapter no matter which beacons do you use

These recommendations suitable only for NIA

Marvelmind Indoor Navigation System uses proprietary multi-frequency for ultrasonic signal and
employs additional filtering to combat external noise. This also makes the system rather immune
against the “usual suspects.” However, if the external noise is too strong, its source is too close,
or it's emitting a strong signal on frequencies close to 19, 25, 31, 37, 45kHz or white noise, the
system functionality can be affected.

When external noise is high, identify the source. Usual sources include:

- Ultrasonic-based volume or movement detection alarm systems

- Other robots using ultrasonic

- Parktronics

- Sources of very strong white or impulse noise (air guns, air press,
cutters, vacuum cleaner, etc.)

- Rotors of drones/copters

The best things to do in this case:

- ldentify the beacons that are affected. Usually, they are those that are
the closest to the source of noise. Try to reposition them

- Manually reduce the gain of the affected stationary beacons so that the
signal from the mobile beacon would have a 1000-1800 amplitude. That
would give the best signal-to-noise ratio. Don’t make the gain too high.
The noise will be amplified, but the desired signal will be saturated and
signal-to-noise ratio will be poor

- Input distances between beacons manually. More information — Table of
distances

The gain settings may be very non-linear. There is almost no change at 4000 to 3000. But
around 2500, the gain starts reducing very quickly (1200 — for some HW versions). By setting
the gain manually, it is possible to find the optimal gain to obtain the highest signal to noise
ratio so the system can work even in very challenging external conditions.

When the map is formed, only the mobile beacon is emitting, whereas stationary beacons are
not. Thus, it does not matter how close the mobile beacon is to the source of the noise.
However, it matters how close the stationary beacons are to those sources. Select the
positions of the stationary beacons accordingly - place them further away from the noise
sources.
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9.8 Using hedgehog.log file

- The system automatically records all measured positions in the hedgehog.log
file that is stored in the same folder as the Dashboard.exe file

- The data is written in csv format; each line describes the position of one of the
hedgehogs at a certain moment

- The line format is described here.
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9.9 System Accuracy Evaluation

Accuracy of distance measurement.

Marvelmind navigation system can measure distances between beacons
with accuracy of +/- 2cm if correct ultrasound speed is used.

The ultrasound speed depends on several factors: temperature, pressure,
and humidity. Other factors have an insignificant effect.

The main factor is temperature. In temperature range of -20...+50 °C the
speed of ultrasound changes on about 0.6 m/ (s* °C). It gives distance
error about (0.6 / 340) *100% ~ 0.17%/ °C. So caused by incorrect
temperature setting absolute error of distance measurement is 0.17% of
real distance between beacons. For example, with distance 30 meters and
5 °C error, this gives 0.85%*30 ~ 0.25 meters’ error. Marvelmind system
allows to setup temperature of air in the system settings.

Accuracy of position measurement.

Marvelmind system uses trilateration algorithm to calculate position by
distances. The inaccuracy of position calculation is related to inaccuracy
of distances measurement and to geometry of relative location of
stationary and mobile beacons

Basic trilateration formulas are given in this article:
https://en.wikipedia.org/wiki/Trilateration

As you see, the position of mobile beacons X, Y, Z is calculated from
positions of 3 stationary beacons which are set by values of d, i, j. One
of the beacons was shifted to (0,0) position to simplify formulas in the
article. In formulas for X, Y we see d and j in denominators. This means
that with low values of d and j small error of this value can cause
significant position error

Please see the picture of the beacons in the article - in more simple words,
in means that if one of three beacons is close to line connecting other two
beacons, it gives increased inaccuracy of locating mobile beacon

For example:
- assume d=10,i=5,j=0.1,r1=7,r2=7,r3=4.8
- Wegetx=5,y=2.4375,z=4.25
- Ifwe suppose that j=0.101 (0.1 cm error), we receive x= 5, y=-0.06,
z=4.89
- You see very large Y error

Another example for Z. Assume mobile beacon is relative close to plane
of stationary beacons:

- d=8,i=4,j=6,r1=5.02, r2=5.02, r3= 3.01

- This gives X=4, Y= 3.01169, Z=0.36

- If we suppose r3=3.0 (1 cm error), we receive X=4, Y= 3.016, Z=
0.44. Error on Z is about 8 cm

Also, with r1=5, r2= 5, r3= 3, Z will be 0. As you see, low change of
distances causes large change of Z value near the plane.
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9.10 Calibration of the accelerometer

To calibrate an accelerometer on your beacon with IMU, you can do the following steps:

214

Connect the mobile beacon via USB to the Dashboard

Make sure that the beacon has IMU on board: open View / Accelerometer menu
and view / gyro data. In the presence of IMU graphics in these windows should
display the angular velocity and acceleration when moving the mobile beacon
(turn it in hands).

Close the window of the accelerometer and gyro data

Open the calibration window: View / calibrate the accelerometer

When calibrating, it measures the data of the free fall (gravity of the Earth)
corresponding to each of the three axes X, Y, Z. The initial ones from these
calculations remember the correction shifts indicated in the table as "Zero" and the
correction factors indicated as "K"

The switch at the right bottom of the window should be in the AutoFill position

Before starting the calibration, click the Reset button at the top of the window -
zeroing the current calibration results

To calibrate: slowly, without jerking, manually turn the beacon in each of the 6
positions and keep it still for 1-2 seconds:

- The starting position - the beacon lies on the table; the antenna is pointing
upwards (calibration Z +)

- The beacon is turned upside down, the antenna pointing down (calibration
Z-)

- The beacon is on the end, the sensor RX1 is pointing towards the table
(calibration Y +)

- The beacon rests on the end, the RX3 sensor points toward the table
(calibration Y-)

- The beacon rests on the end, the RX2 sensor is directed towards the table
(calibration X +). In order not to interfere with the USB connector, the
beacon can be placed on the edge of the table, so that the cable hangs
down

- The beacon rests on the end, the RX5 sensor points toward the table
(calibration X-)

In each measurement, the readings of the accelerometer are corrected by Zero
and K.

At the end of the measurement of 6 points 7.1 ... 7.6, in the serviceable
accelerometer Zero should be close to zero, and K close to 1, see the screenshot.
If not - check if you forgot any of the points 7.1 ... 7.6.

To save the results, click Calibrate.
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9.11

- In some cases, it is necessary to obtain a correct north orientation of the map
for NMEA output from Marvelmind system. For example, when using a
Marvelmind mobile beacon as the navigation data source for Pixhawk installed
on a copter, correct north is required for correct yaw control of the copter. The
Marvelmind system cannot determine north automatically, so the user should
make corrections after building and freezing the map. It can be done in one of

two ways:

Settings to obtain correct north direction

1. Rotate the Marvelmind map using the dashboard, as shown on the
attached screenshot

2.

- Enter the angle correction (the angle shown on screenshot) on the Pixhawk side

You can also view the video:

https://www.youtube.com/watch?v=AsYXrtg7aVU&feature=youtu.be

from the Mission Planner of APM Planner

- Refer to the parameter "BCN_ORIENT_YAW":
http://ardupilot.org/copter/docs/parameters.html?highlight=bcn_orient_yaw
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- Beacons may issue raw sensor data. To learn how to obtain this data, please
check this protocol:
https://marvelmind.com/pics/marvelmind beacon_interfaces.pdf

- You can receive the data byte-by-byte and check for the required packet header

- See an example here:
http://www.marvelmind.com/downloads/2017 02 08 C example.zip.
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9.12 Communication of Pixhawk with Marvelmind mobile beacon

The Marvelmind mobile beacon can be connected to Pixhawk (and to any other
hardware or software that inputs GPS according to the NMEA0183 protocol).
The mobile beacon can send GPS data via UART and USB (virtual UART)
interfaces. For further explanation, please check out this document.
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9.13 Sending path to robot

1. The dashboard sends request to modem via USB.

Procedure of sending these requests in dashboard is shown on second screenshot.
This format of request is described in section 8 of modem protocol:
https://marvelmind.com/pics/modem_usb_protocol.pdf

Sequence of sending path to robot
PC
Dashboard
4 modem_ush_protocoel_2017_01_27.puf,
I.usB section 8
Moden
2. Radio

Hedgehog

3. UART 1 marvelmind_beacon_interfaces_v2017_09_13.pdf,
’ section 2.3.1

Robot

Modem transmits data to the hedgehog via radio, using our proprietary protocol
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2.

the hedgehog communicates with robot via UART. Hedgehog sends data according to
section 2.3.1 of this protocol:
https://marvelmind.com/pics/marvelmind _beacon_interfaces.pdf

The robot should confirm receiving data by response packet shown in section 2.3

This communication on the robot side is implemented in the Arduino example on our
site. As you can see in the protocol, robot should not request the waypoints, the
hedgehog will send the waypoints when they will be transmitted from dashboard.
But robot should confirm receiving each waypoint by this packet:
[0x03,0x47,0x01,0x02,0x00, <2 bytes of checksum>]
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How to send a path:

—  Choose mobile beacon in the dashboard
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Right mouse button on it -> Set movement path
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Shift+Left mouse click on point, to remove that point
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9.14 Proper ultrasonic coverage

The single most important requirement for the system to work well is to have

proper ultrasonic coverage

Each sensor has an ultrasonic beam of ~90 degrees. Outside of that range, the
emitting power and sensitivity drops quite rapidly. From the left, right, or back of
the ultrasonic sensor, the signal is highly attenuated. Thus, it is crucial to provide
proper ultrasonic coverage for the area where the robot will be moving.

- ltis also very important to provide proper ultrasonic coverage to the stationary

beacons when the map is being formed

- Mobile beacon (“hedgehog” or “hedge”) is designed to be placed horizontally

- The mobile beacon has four horizontal and one vertical sensor, each covering its own
sector. Together, they cover 360 degrees horizontally and 180 degrees in the upper
hemisphere. The lower hemisphere is highly attenuated, so don’t expect ultrasonic

coverage in that area

- Itis advised that the mobile beacon be placed as high as possible on the robot if the
stationary beacons are above the mobile beacon. This minimizes shadows from other

objects, people, etc.
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Example of proper positioning of the mobile beacon can be found here:

https://youtu.be/PFgNPKLGCDK

The beacon is placed horizontally and above other objects that can cast a shadow on

the stationary beacons

Keep the radio signal’s strength under control

The RSSI (Dashboard => right menu) of any beacon/modem must not be higher than
-25dBm. Otherwise, the system may malfunction

It is recommended the distance between the modem and beacons
be no less than 0.5—-1m. Beacons can be placed as close to each
other as needed. If a beacon is extremely close to the modem,
disconnect the antenna from the beacon. Monitor the Received
Signal Strength Indicator (RSSI). It must be in the range of -25 to -
70dBm. An RSSI of less than -70dBm will work too, but packet
losses may start occurring. The quality of the radio connection very
much depends on external interference as well because the used
band is ISM (either 915MHz or 433MHz) and there are numerous

co-existing systems.

Use 30 - 50 periods (pulses) in settings instead of the default 5.

Select:

Ultrasound settings => Number of periods
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When you have large errors in position estimation (more than a 1m
inaccuracy), use the embedded Oscilloscope on Dashboard =>
View to determine which stationary beacon is jammed

Reduce the gain of the ultrasonic manually depending on your

system
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9.15 Sensors settings: example for 2D and mobile beacon

Beacon

Hedgehog

Beacon 2

RX1 and RX4 emit ultrasound in normal mode
for better ultrasonic signal exchange with
Beacon 3. In frozen mode RX2 added as
working sensor. The rest sensors are turned off

Changing sensors’ settings could be found in
the panel in the upper right corner of the
Dashboard during your beacon is connected to

the computer
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RX4

RX3

2D

Beacon 3

RX3 and RX4 emit ultrasound in normal mode
for better ultrasonic signal exchange with
Beacon 2. In frozen mode RX2 added as
working sensor. The rest sensors are turned off
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9.16 Powering beacons

Depending on the type of beacon, may be internal battery, or external USB power supply, for
more details check comparison table

Battery lifetime totally depends on the mode of operation and can be varied between several days
to several months (or more for special applications)

225
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https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf

10.  Frequently Asked Questions

Please check this forum for more information. Here we will answer the most
common questions

1 What is the proper way to place the beacons?
- The actual distance between beacons must be < 30m. Provide the line
of sight from one beacon to minimum two others
2 How far can beacons be located from modem?
- Inthe open space the distance from the modem to the beacon can reach

several hundred meters

3 What if hedgehog shown as orange circle or fransparent inside
in the Dashboard?

- Blue - normal mode and confident tracking

- Orange - system provides the best location data possible, but
confidence is lower, than blue

- {ramsparent - lost radio packets or no ultrasound coverage

4 \What is the obstacle for ultrasound?

- The real obstacles for ultrasound are walls (concrete), glass, metal. If
you need to cover a multiple-floor territory you can use our Submap
feature in which case the tracking will not be interrupted

5 How the system works in very low and very high temperatures?
- System is designed for normal office-like conditions and temperatures 0
°C -40°C

- You can see some other types of beacon (outdoor, explosion safe, etc.)
in the comparison table

- We also possible to produce some special versions, which will suit your
case. Please write to info@marvelmind.com

6 Are beacons resistant to explosions, dust, dirt, water, noise?

- - Low-frequency noise (motor noise, industrial equipment) does not
interfere with the normal operation of the system

- You can see some other types of beacon (outdoor, explosion safe, etc.)
in the comparison table

7 What is the time of delay between positioning the object and
respond?

- The delay is directly proportional to the update rate. For example, if
update rate is 16 Hz delay is 1.2:1.5x60ms

- The limit is 1.5x times the maximum distance between the stationary
beacons. To expand the service area, please follow the instructions
shown in the attached screenshot. Notice that positioning the mobile

226

{mMarvelmlnd

robotics


https://www.marvelmind.com/forum/viewforum.php?f=2
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf
mailto:info@marvelmind.com
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf

227

beacon far from stationary beacons and close to their plane may result
in increased positioning error because of bad geometry of measurement

8 How to define IMU or not IMU beacon?

- Check white sticker on the box and on the beacon's bottom /IMU - with
IMU

- Connect beacon via USB: Dashboard => View => Accelerometer data

9 Can we use none-IMU beacon as mobile beacon or not?

- Yes, you can (https://www.youtube.com/watch?v=A4aRsjH2- E)

10 What is the reason to choose 915Mhz vs 433Mhz?

- The 915MHz version is designed for the US, Canada and Americas in
general. The ISM band (license-free band for industrial, science and
medical applications) in those countries is 915MHz

- In Europe, it is 433MHz

11 Device do not connect via USB?

- Use USB cable with long metal part. If you have any problems with USB
connection, change the cable first. One cable can work for one device
and do not work for other

12 Does the orientation of the beacon matter?

- Yes, it is. Place and orientate it in positions, where sensors can “hear”
each other. v4.9 beacon has =90° per sensor coverage(illustration),
Mini-RX and Industrial-RX have =180° coverage(illustration)

13 Why Dashboard do not see more than 4 beacons

- System has a limitation of 4 beacons per submap. If you have more than
4 beacons, just create another submap, and beacons will appear
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11. Troubleshooting checklist

If you have any problems with the system, follow these simple steps:

- Update SW on modem and beacons
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Checklist before starting the system:

IA and NIA SW differs
For 1A you should use stationary beacons with different frequencies

Make sure that you use correct SW. Inverse Architecture(IA) SW for Inverse

system, Non-Inverse Architecture(NIA) SW for Non-Inverse system (Architectures

comparison)

Make sure that your beacons are 3.5V and higher before using. If not, charge it
for 2-3 hours.

Keep modem 1-2m away from beacons. if closer, the beacons radio may be
overloaded

Antenna’s recommendations:
— The antenna must be kept as straight as possible. Otherwise it will
reduce the effective range
— The antennas must be kept away from conductive materials, such as
metal and carbon by at least a half inch
— Keep the antennas away from the motors and other noise sources as
much as possible

Use USB cable with long metal part. If you have any problems with USB
connection, change the cable first. One cable can work for one beacon and do
not work for other

Be sure that you use SW from the same pack

When updating the SW, please, press Default button to make sure that beacons
really have default settings. Otherwise, modem may be calling on a wrong
channel or something

Start with simple configuration (10x10m square, 4 stationary beacons)
Do not obstruct line of sight between beacons
Build the map first, freeze it, then wake up the “hedge”

Number of periods. By default — 5; For longer distances, you shall put it 10-50

Mini-RX beacon may be over discharged. In that case do the following:

Turn off the beacon with DIP switches
Charge it for 1 hour

Turn the beacon on, flash the latest SW via DFU Programming and charge it for 1
hour again
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12. Contacts

For additional support, please send your questions to info@marvelmind.com
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