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2. Basics of the System

Here are examples of the Starter Sets:

2.1.  What's in the Box

2.1.1. Starter Set Super-MP-3D:

4 x Stationary Super-Beacons with different frequences (19kHz, 22kHz, 25kHz,

28kHz, 31kHz, 34kHz, 37kHz, 45kHz). It can be used as IA, NIA, and MF NIA. See
more in the architecture comparison.

- 1 x Mobile Super-Beacon

- 1 xModem HW v5.1 supporting up to 250 beacons

‘Q])Marvelmlnd

robotics


https://marvelmind.com/product/starter-set-super-nia-3d/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/modem-hw-v5-1/
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2.1.2. Starter Set |IA-04-2D-Badge:

- 2 x Super-Beacons — 915/868 MHz with different ultrasonic frequencies (f1 and f2 —
usually 25kHz and 31kHz).

- 1 x Marvelmind Badge — 915/868 MHz as mobile beacon

- 1 xModem HW v5.1 — 915/868 MHz as the central controller of the system

Q) marvelmind
robotics

*This is just an example of two starter sets.
You can see more options on our website: Products.

cm)Marvelmlnd
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https://marvelmind.com/product/starter-set-ia-04-2d-badge/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/badge/
https://marvelmind.com/product/modem-hw-v5-1/
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”). The scheme below
briefly describes the system's key elements.

IA and NIA SW differ
For IA, you should use stationary beacons with different frequencies.

Below, you can see 3 types of architectures: Non-Inverse (NIA), Inverse (IA), and Multi-
frequency NIA (MF NIA):

2.2.1. Inverse Architecture (IA)

o For IA, you should use stationary beacons with different frequencies.

Inverse Architecture (1A)

Stationary

Super-Beacon 1
19kHz

Stationary beacons:
= Mounted onwalls orce:llngs

— Measures distances to neighboring
beaconsand builds submaps automatically

— Communicate withthe router wirelessly in
an ISM band

rI

Stationary
Super-Beacon 2
25kHz

Key requirement for the system toworkwell:
unobstructed line of sight by 3 mobile beacon of 2
(2D) and 3 [3D) or more stationary beacons within
30 meters—very similarto visibility of GPSsatellites
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Stationary
Mobile f Super-Beacon

Super-Beacon 37kHz

Any frequency Submaps:

— Advanced featurethatsllows building independent
‘ » submaps/clusters/cells of beacons in separate
rooms or zones and thus building maps consisting of
multiple submaps and covering large buildings (with
area of thousands of m2) like the cellular network
coverage Dlstance between
' beacons-neighborsis

up to 30 meters.,

Mobile beacon: Indoor Positioning System in IA consists of:
Installed on robot/person/forklift and interacts — 2 or more Stationary Beacons (transmitting
with them via UART or SPl or12Cor USB (virtual ultrasoundon diffarent ultrasonic frequencias)
UART) — 1 ormore Mobile Beacons (receiving ultrasound on
— Calculateslocation updstes onboard upto40 Hz different ultrasonic frequencies atthe sametime)
— Location updaterate perbeacon dossn't directly — 1xRouter

depend on the number of mobileb
- ContalnsIMU[BDaccelerorneter+BDgyroscope) .
Stationary
Super-Beacon 3
31kHz

Router/modem:

— Centralcontrollerof the system
— Synchronizes thebeaconsup to 40 Hz —'9

Communicatesvia USB/virtual UART with Dashboard or robot
— Supports upto 250beacons and upto 250 submaps

QD Marvelmind

robotics
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Super-Beacon 2
Any frequency
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2.2.2. Non-Inverse Architecture (NIA)

on-Inverse Architecture (NIA)

Mobile Super-Beacon

Stationary
Super-Beacon 1
Any frequency

Stationary beacons:
- Mounted high onwallsorceilings

y ultrasonicfrequency, if

ascons HW S
— Measures distances to neighboring =
beaconsand buildssubmaps
automatically -
= Communicate withtherouter =
wirelessly in an|SM band

Stationary

Key requirement for the system toworkwell:
unobstructed line of sight by a mobile bescon of 2
(2D)and 3 (3D) or more stationary beacons within
30 meters—very similarto visibility of GPSsatellites

Mobile beacon:

Installed on robot/drone/forklift and interactswith itvia
UART or SPI or 12C or USB (virtual UART)
Receiveslocationupdatesfromthe router up to f=40 Hz

Location .

e permobile beacondependson the

obileb s{n

fin

ContainsIMU (3D accelerometer+3D gyroscope)

Router/modem:

Centralcontrollerof the system
Calculates position of mobile beaconsup to 40 Hz

Submaps

— Advanced festurethatallows building independent
submaps/clusters/cells of beacons in separate
rooms or zones and thus building maps consisting of
multiple submaps and covering large buildings [with
area of thousands of m2) likethecellularnetwork
coverage

Indoor Positioning System in NIA consists of:
— 2 or more Stationary Beacons (receiving ultrasound)
— 1 or more Mobile Beacons (transmitting ultrasound)
— 1central Router

Stationary
Super-Beacon 3
Any frequency

>

Communicatesvia USB/virtual UART with Dashboard or robot

Supports upto 250 beacons and upto 250 submaps

Stationary
Super-Beacon N
Any frequency

[

Distance between
beacons-neighborsis
up to 30 meters.

|
-

'Q)) Marvelmind

robotics
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2.2.3. Multi-

Frequency NIA (MF NIA)

License ¢ MMSW0004: MF NIA support is needed to use MF NIA

Multi-Frequency NIA (MF NIA)

tationary
Super-Beacon 1
Any frequency

Stationary beacons:

= Measures distances to neighboring
beaconsand builds submaps sutomatically

— Communicate withtherouter wirelessly in
an ISM band

Stationary =
Super-Beacon 2
Any frequency

Key requirement for the system toworkwell:
unobstructed line of sight by 3 mobile beacon of 2
(2D)and 3 (3D) or more stationary beacons within
30 meters—very similarto visibility of GPSsatellites

Mobile beacon:

1 )

Mobile

Super-Beacon
19/22/25/28/31/34/37 /45kHz

“ g&y
¥

Installed on robot/person/forklift and interacts -
with them via UART or SPl orl2Cor USB (virtual =
UART)
Receiveslocationupdatesfromtherouter up to =
40 Hz
Lo

times higher upgatarate

ContainsIMU (3D accelerometer+3D gyroscope)

Router/modem:
— Centrzlcontrollerof the system
— Calculates position of mobile beaconsup to 40 Hz

Stationary
Super-Beacon N
Any frequency

Submaps

Advanced featurethatsllows building independent
submaps/clusters/cells of beacons in separate
rooms or zones and thus building maps consisting of
multiple submaps and covering |arge buildings (with
area of thousands of m2) likethecellularnetwork
coverage

Indoor Navigation System in MF NIA :

2 or more Stationary Beacons (receiving ultrasound)
1 or more Mobile Beacons (transmitting ultrasound
on the different ultrasonicfrequencies)

1 central Router

Stationary
Super-Beacon 3
Any frequency

>

— Communicatasvia USB/virtual UART with Dashboard or robot

— Supports upto 250 beaconsand upto 250submaps

[

Distance between
beacons-neighborsis
up to 30 meters.

|
-

‘Q]) Marvelmind

robotics

°Q])Marvelmlnd

robotics


https://marvelmind.com/product/mmsw0004/
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2.2.4. Multi-modem Architecture for Very Large Networks

Multi-mmodem architecture for very large networks

Marvelmind
Helmet

Marvelmind
Headlight

Jacket

Tunnel safety example for underground tracking

Modem 1 radio coverage zone

Beacon ultrasonic
coverage zone

Station 1

Modem 2 radio

.!- coveragezone

Tunnel

ar:l

o -
Super-Super Modem RS ]
S N :
tatlon N & " Stationary
"""""" '~~..s$\?'\\,€§// < 60m o DEACONS
— !‘_' P Wy Kok ey e 7)) S R

Anl) U (‘?‘_'_“??.' )
<30m

xﬂSuper-Modem N

Industrial
% Super-Beacon

Modem N radio coverage zone

H Converter - H
L 220V-12V- IP67 .:

'Q]) Marvelmind
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2.2.5. Architectures Comparison Table

Architectures comparison

Multi-Frequency NIA (MF NIA)

Multi-modem architecture

Non-Inverse (NIA)

Typical usage

Not
recommended

Accuracy

Update rate

Range

Map building

25

1-4 autonomous robots/drones -
supports up to 250 beacons
(stationary+mobile )

When mobile beacon shall be
installed ona noisy drone/vehicle,
but stationary beaconsarein

rel atively quieter places

In applications, where emitting
ultrasound of mobile beacon is
undesirable

+2cm or better with more
averaging

Depends on the number of mobile
beacons (n) as f/n ~TDMA is used
Slightly depends onthe radio
profile

Depends on the sizes of submaps
IMU fusionis HW and SW
supported

Many mobile users (people, robots, VR) and when
update rate per mobile is important - supports up
to 250 beacons ( stationary+mobile combined)
When mobile beacons are in quieter places

For drones — because mobile beacons are
receiving ultrasound. The range may be limited to
just 2-5m. May be improved with future SW
releases

+2cm or better with more averaging

Does not depend on the number of mobile
beacons, because they are receiving ultrasound at
the same time

Slightly depends on the radio profile

(the same as NIA)

Depends on the sizes of submaps (the same as
NIA)

IMU fusionis HW supported. SW support is
coming

Can cover as large territory asyou wish using submaps

Up to 30m in real lifeand up to 50m in lab conditions within a single submap,

Can build submaps automatically
and manually

Here are the tutorial videos about architectures:

Can build submaps automatically and manually

5-16 autonomous robots/drones - supports up to
250 beacons ( stationary+mobile combined)
Effectively, MF NIA combines the best from both
1A and NIA. But it is still “more NIA than 1A”,
because the mobile beacons are emitting the
ultrasound

In applications, where emitting ultrasound of
mobile beacon is undesirable

+2cm or better with more averaging

Depends on the number of mobile beacons (n)
for n>8 ~-TDMA is used, i.e. can provide up to 8
times higher update rate than NIA with the same
number of mobiles. Up to 8 mobiles the update
rate per mobile is equal to IA

The rest — like NIA

i.e. stationary beacons shall be placed every 30m or closer (in 1D with horns

Can build submaps automatically and manually

Version 2023_06_26

Help: Inverse Architectures (IA) vs. Non-Inverse Architectures (NIA)

NIA vs. IA vs. MF NIA - how to choose?

All three previous architectures are supported
When distance from some of the beacons to the
modem is too big

+2cm or better with more averaging

Depends on the description for other
architectures

—upto 120m)

Can build submaps automatically and manually

'Ql) Marvelmind
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https://www.youtube.com/watch?v=dwEj1koHAdM
https://www.youtube.com/watch?v=Ui_8GPggn64

Service zone Submap0
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2.3. Architectures’ Elements

A map is a system unit that includes submaps, stationary beacons, and service zones.
Ultrasonic signals from the stationary beacons of this submap ensure the positioning of
mobile beacons.

Handover zone (marked blue)

/‘ Mobile beacon

| ——] Service zone Submap1

-2
-
B ' /s)A Stationary beacon
~ ‘
e ———— A SE——_——
Submap0 tab 0 oevee T oevie oy Devices [ Devest |[] Deves? | [] Devie a [ swemsp || Losamep
e | Bescon |7 Bescon ol [ Devcets |[] Devieste [ Devics =

Submap1 tab

L
o

70 tyftal, 2 failed (3%)

SubmapO0 (beacon 10 + 11) Submap1 (beacon 11 + 12)

The main parameters of a submap are its size, frequencies, and TDMA (Time Division
Multiple Access) positions of stationary beacons, by which mobile beacons can not
only be positioned but also determine in which submap the mobile beacon is located.

Here is the main tutorial video about maps:

- Help: submaps, service zones, handover zones

Detailed explanation of complex map building:

- Building submaps: Part 1

- Building submaps: Part 2

°Q])Marvelmlnd
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https://www.youtube.com/watch?v=kT2EotFT2I4
https://youtu.be/B5pPsCsZjB8
https://youtu.be/nCyp3wYZxak
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2.4. Indoor “GPS” System Close-up and Internal View

Here, you can see what system elements look like.

- Super-Beacon:

-  Modem HW v5.1:

- Super-Modem:

||

A Marvelmind
robotics
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https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/modem-hw-v5-1/
https://marvelmind.com/product/super-modem/
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Beacon Mini-RX:

Beacon Mini-TX:

QD Mmarvelmind
robotios
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https://marvelmind.com/product/mini-rx/
https://marvelmind.com/product/mini-tx/
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Beacon Industrial-RX:

Industrial Super-Beacon Metal-25kHz:

‘Q])Marvelmlnd
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https://marvelmind.com/product/industrial-rx/
https://marvelmind.com/product/beacon-industrial-super-beacon-metal-25/
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Industrial Super-Beacon-Plastic:

‘Q])Marvelmlnd
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https://marvelmind.com/product/industrial-super-beacon-plastic/

