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Application Note AN210401

Introduction

Scope

This document describes the contents of the Insight SiP AoA Demo kit and explains how it can be used to
make preliminary assessments of BLE 5.1 AoA functionality with ISP1907 modules.
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1. Documents

1.1. Bluetooth SiG

AoA is defined in the latest core specification that can be found on the Bluetooth SIG site. This includes
direction finding AoA and AoD options:
https://www.bluetooth.com/specifications/specs/core-specification/

A document describing AoA is also available:
https://www.bluetooth.com/wp-content/uploads/Files/developer/1903 RDF Technical Overview FINAL.pdf

1.2. Nordic Semiconductor

Device hardware specifications for nRF52811 and nRF52833 can be found on Nordic Infocenter:
https://infocenter.nordicsemi.com/index.jsp

The following White Paper addresses the fundamental issues of AoA/AoD:
nWP036 - Direction Finding

1.3. Insight SiP

AN210401 — This application Note
ISP1907 Module Datasheet
ISP1907-A0A Datasheet
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2. Development Status of AoA

Angle of Arrival and Angle of Departure techniques have been specified by the Bluetooth SiG in BLE 5.1.
Nordic Semiconductor has introduced several chipsets that support this feature of the BLE specification
from a hardware standpoint. These devices have the capability of generating the BLE constant tone
extension and are capable of measuring IQ values, and hence relative phase, of incoming BLE packets
with the constant tone extension.

Insight SiP has added 2 ultra-miniature SiP modules that use Nordic Semiconductor BLES5.1 chipsets to
its portfolio. These modules are ISP1907LL (nNRF52811 chipset) and ISP1907HT (nRF52833 chipset).
These modules are fully certified for Bluetooth SiG and for use in USA, Canada, Korea, Japan and Europe.

Currently the direction-finding attributes of these modules are not fully supported by BLE certified firmware
from Nordic Semiconductor. Release, by Nordic Semiconductor, of a BLE SIG compatible firmware release
with associated source codes is expected during the course of 2021. This will be based on nRFConnect
SDK running a custom Zephyr RTOS, and will become available to all customers.

In the interim period, prior to full release of NRFConnect SDK version with AoA capability, Insight SiP has
prepared an AoA demonstrator with proprietary firmware from Nordic Semiconductor. This demonstrator
is available with pre-programmed code that cannot be modified at present.

A soon as Nordic Semiconductor officially releases the nRFConnect SDK with AoA features the customer
will be able to create his own tag firmware and adapt the AoA anchor to his specific needs.
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3. Installation & Setup

To use the AoA Demonstrator the following software should be obtained and installed.

Nordic Semiconductor nRFConnect with AoA extension. The standard version of nRFConnect for desktop
should be downloaded and installed on a PC from Nordic Infocenter:
https://www.nordicsemi.com/Software-and-Tools/Development-Tools/nRF-Connect-for-desktop

In order to obtain the custom direction finder viewer add-on it is necessary to request the files from Nordic
Semiconductor Devzone by creating a private support ticket with the indication that the add-on is required
for use with ISP1907-AoA-DK. The devzone has the following address:

https://devzone.nordicsemi.com/

To access data from the AoA antenna a serial terminal should be available on the PC. A suitable terminal
is RealTerm that can be downloaded at the following address:
https://sourceforge.net/projects/realterm/

Insight SiP has a Python-based application that requires a Python IDE to be installed on the PC. A suitable
Python IDE “Spyder” can be obtained through Ananconda.

Anaconda can be downloaded at the following address:
https://www.anaconda.com/products/individual

Once Ananconda has been installed Spyder is available and can be launched directly from the Ananconda
interface.
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4. Hardware Description

The hardware consists of a custom receiving antenna array and a Sensor Board that sends regular BLE
packets with BLE5.1 Constant Tone Extension.

4.1. 1SP200802 AoA Antenna Array

The custom antenna array has 12 patch antennas placed around the periphery of a 200 x 200 mm PCB.
The antennas are connected via a 12-way switch to ISP1907-HT BLE module. The module is connected
sequentially to each of the antennas whilst the incoming signal from a BLE tag is transmitting the BLE5.1
Constant Tone Extension. The module decodes the IQ values of the incoming signal and computes the
phase differences between the 12 antennas. These phase differences are used to estimate the Angle of
Arrival of the incoming BLE packet.

For operation, the USB cable should be connected to the AoA Antenna and to a PC.

Rear side of AoA Antenna Front side of Antenna
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4.2. |1SP1980 Sensor Board

The custom sensor board uses an ISP1907-LL module to transmit advertising packets with the Constant
Tone Extension. These packets are used by the AoA Antenna to determine the angle of arrival. In order
to use the board a CR2032 Battery (not included in kit) should be inserted into the battery holder.

Oypeog  OSUSSTB1/81dS]
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5. Angle of Arrival Demonstration

5.1. nRF Connect Direction Finder Application

To use the nRF Connect Direction Viewer App (available from Nordic Semi through private ticket on Nordic
devzone) connect the AoA antenna to a PC and start nRFConnect.

12 nRF Connect v3.6.1 - m}

APPS SETTINGS

c’ General tool for development and testing with Bluetooth Update m E|
Low Energy

Direct Test Mode

RF PHY testing of Bluetooth Low Energy devices m E|

\
R

Direction Viewer

Visualises data provided by the Angle of Arrival sample application m E|
operating with the Nordic antenna array.

3]

Getting Started Assistant

Guide to set up the nRF Connect SDK Update m E|

)

Open the Direction Viewer

SELECT DEVICE

Default view

2002

© Top view
2428 ©
248 © sid
Frequency 0
Samgpling 0 ‘
Samgpling Ref 0
Switeh Time. 0
Azimuth: ©
Flesation 0
Azmuth Fitered: 0
Flevation Fiered: 0
©
«©
anivate arons © g
et eeveticn -
Snow fitered amow o
oo e o e
Saw snadone ©
o arsInes ©
Shomicks o

 Fitered
m Unfitered show angles 1120
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Select the device:

E nRF Connect v3.6.1 - Direction Viewer

SELECT DEVICE

n Unknown
— DEOAANVRE

Start Reading:

ﬂ nRF Connect v3.6.1 - Direction Viewer

H Unknown A

DEOAAVRF

Start Reading

FREQUEMNCIES

,r‘//
— 3 7 R —
/ N\
180° b
||
Top View Side View
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3D View

Various options may be selected to visualize data from one or more of the advertising channels, to see
the effect of filtering on results.

5.2. Insight SIP Python Application

The Python Application is provided on Insight SiP Github at the following address:
https://github.com/insightsip/Python-AocA-Demo

The Python application provides an alternative visualization of the AoA results. This application processes
the Angle of Arrival obtained by the antenna and estimates the position of the tag on a 2D grid assuming
that the antenna is a known height above the tag “plane”.

To run the python application the following python files should be opened using Spyder (or alternative
Python IDE):

e aoa_demo.py

e aoa_gui.py

e aoa_locator.py
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Anaconda interface to launch Spyder:

) ANACONDA NAVIGATOR En
]

Applications on | _ base (root V]

N Learnng

& Community

H P Type here to search

The following Python modules must be installed using Spyder for the first use of the program:
e  pyserial

e parse

e event-notifier

This can be done by the commands pip install pyserial, pip install parse, pip install event-notifier on the
command line of Spyder as indicated in this example:

pip install pyserial
Requirement already satisfied: pyserial in c:\usersichris\anaconda3\lib\site-packa

fa Ch
[(3.3)

Mote: you may need to restart the kernel to use updated packages.

If the module is already installed the message will indicate that this is the case.
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Open aoa_demo.py and launch:

Usage

Here you can get help of any object by pressing Ctrielin front.
‘o, eiher on e Edior or e Cansole.

Help can aiso be shown aufomaicatly afis wriing a ket
‘parenmesis next 1o an bject You can actvae s bebavior i
Preferences > Heip.

New to Spyder? Read our fulorial

Usage

Here you can get help of any bject by pressing Cirted in Font
of, &7her on e Editar or he Console.

Help can alsp be shown aulomatcally afier wriing a left
parenthesis next io:an object You can acivate this behavior in
Prefrences > Help.

New lo Spyder? Read our ulorial

Varisble explorer piep Flols Fiec

Ll O Type here to search 5 o m E = e @
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e Select the Com port that is in use and Open it (make sure that the port is not open in another
application such as nRF Connect Direction Viewer)
e Set the height of the anchor relative to the tag plane.

The X 'Y coordinates of the tag will be displayed both visually and as X,Y values. The angular coordinates
of the angle of arrival are also indicated in ¢, 8 format.

The python log also indicates the X Y coordinates as they vary over time.

5.3. Obtention of Raw Data using RealTerm

The data that is output from the AoA Antenna may be captured directly by connecting a serial monitor to
the appropriate COM PORT.

e Launch RealTerm and set Baud Rate to 115200

e Select Port
e Open Port

Raw Data from the antenna can be visualized directly or captured in a file for analysis.

Bl RealTerm: Serial Capture Program 2.0.0.70 - m} *

IDF _ENDLr IDF_ENDrLF

Display Port WCaptule] Ps | Send | EchoPart| 120 | 1202 | 12CMisc | Mise | An| Clear| Freeze| 7| Display | Port  Capture 1 Pins | Send | EchoPart| 120 | 1202 | 12CMisc | Misc | An| Clear| Freeze| 7|
Status Disgnostic Files Status
Boud [115200 <o [3 =] [pen S| [ Crenee |* | Discarmect o [t | | Do
_IRXDI2) - L [~ Tracel” hex R=D (2)
- R — r5°féﬁi§£°ﬁfn”3ﬁ2', - SR [ \Usess\Chis\Documents\ISP1307HT WWordic [ | im0
& Mone || & Ghits || & 1bit © Ztits BE Clear | Dump TS @
® g\fﬂ € 7585 | | Hordware Flow Corial I~ Transmit Xoff Char:[19 R File J _lpco (1)
Cibaik |[£AE0 | None - CHRTS/CTS Winsack i _IDsR ) _IDSR(E)
¢ Space | © Shits| | C DTA/DSAC AS4854ts  Raw _|Ring () ealombog _IRing(9)
& Telnel " IBREAK _IBREAK
_|Ewrar _|Enor
You can use ActiveX automation to control mel Char Count745790  [CPS:9170  |Port: 3115200 8N1 Non Char Count:24535  |CPSi8635  |Port: 3 115200 8N1 Non
Raw Data Capture to file
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The captured file is made up of data sections between DF_BEGIN and DF_END for each measurement
as shown below:

JF_BEGIN
10:0,0,11,-17, -204
1Q:1,8,11,-195,-32
1Q:2,16,11,-61,186 8 samples from ref Antenna
10:3,24,11,174,89 Used to measure frequency offset

1Q:4,32,11,128,-148
10:5,49,11, -125, -149 between tag and anchor

1Q:6,48,11,-170,95
1Q:7,56,11,64,174
1Q:8,72,12,245,-5
1Q:9,80,255,18,-217
1Q:10,88,1,-315,-125
1Q:11,96,255,-147,189
1Q:12,104,2,259,128
1Q:13,112,255,141, -187
1Q:14,120,18,-253,-215
1Q:15,128,255,-277,-72
10:16,136,3,-241,-333
1Q:17,144,255, -458,-221
1Q:18,152,9,-555,-149
1Q:19,160,255,-362,293 28 samples used to

[Q:26,168,4,12,230 calculate angle of
IQ:21,176,255,-44,57

10:22,184,8,-537,55 arrival
10:23,192,255,-255,178
1Q:24,200,7,-128,-349
1Q:25,208,255,-238,-118
10:26,216,6,9,-182
10:27,224,255,-33,118
10:28,232,5,2085,422
10:29,248,255,352,195
10:30,248,12,153,287
I1(:31,256,255,183,-94
10:32,264,1,-186,-314
10:33,272,255,-236,6
1(:34,280,2,69,287
1(:35,288,255,157,38
SW:2 switch spacind
RR:3 sample spacing ref system parameters
55:3 sample spacing
FR:2488 frequency
ME:16 Raw Elevation from this packet
MA:178 Raw Azimuth from this packet
KE:52 Filtered Elevation using prewvious packets
KA:280 Filtered Azimuth using previous packets
JF_END

I raw data

I filtered data

The calculations that have been used to estimate the angle of arrival are proprietary to Nordic
Semiconductor. The resulting angles (elevation and azimuth), both in filtered and raw format can be used
to create an alternative visualization scheme.
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5.4, ISP System Test

At Insight SiP tests were carried out in a large room with the anchor positioned in the place of a ceiling tile
as shown in the photo below:

The Insight SiP Python demo was used and results were compared to actual position of the tag in the
room.

The room was marked with yellow dots every 1m:

Comparisons between actual and measured results were made with the tag placed on the floor. The results

showed a positioning accuracy of better than 0.5m for positions in which the elevation angle was greater
than 45°.
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Due to the geometry and the relative angular precision for greater elevation angles the positional error
increases significantly with elevation angles less than 45°.

Multipath effects can be seen in certain situations in which a reflected signal gives rise to a false estimate
of the position:

e A metal floor will reflect the BLE signal and create an angle of arrival for part of the signal with a
greater elevation than the direct path:

AoA Antenna

Direct PW

Tag

Reflected path

Floor with metal layer
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e A wall will have the opposite effect and will reflect the BLE signal to create a lower elevation than that
of the direct path:

AoA Antenna

Reflected path

Direct Path
Wall

During deployment of a complete AoA system the position of the AoA Antenna is crucial in obtaining
optimum positional information. Combining two or more AoA Antennas will help to eliminate potential errors
indicated above.
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