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1. Preliminary

Please note, that this application note is a preliminary note. If you arestatene trying
this technology, you will need to order version 2.1 Firmware EmbedRF boards and
download the version 2.1 EmbedRF DesktopPro Software.

2. Tools used for this application note

We used the following items, some of which are included in the EmbedRF Development
Kit at www.embedrf.comand some which must be purchased separately
Seven EmbedRF Standard printed circuit boards. Note that the five EmbedRF
modules used as routers in this application note mustusas®n 2.1 firmware or
later.
One USB Interface Board
One USB cable
Six CR2032 3V lithium coin cell battery with battery attachment board
EmbedRF Desktop Pro Softwarersion 2.1 or latefCD or download from web
site)
Desktop Computer

EmbedRF Hub EmbedRF Tag EmbedRF Boards Routers

USB Interface Tag Battery
Board Adapter BoargdRouter Battery Adapter Boards

USB Cable
EmbedRF Desktop Pro Software
Version 2.1 or later

Figure 1. EmbedRF equipment needed to do positioh&racking
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3. Introduction

This application note will show you how to configure a network of EmbedRF
transceivers to do crude positional tracking a single EmbedRF transceiver.vé\toha

a preliminary tracking experiment whereby one EmbedRF Board (we Wiit aghg in

this application note) is tracked in a room by 5 EmbedRF Boards that are cahfgure
routers. The routers relay the received signal strength indicator (R&®ihation from

the tag to a hub which aggregates the information. The position estimatioouseexe
using the five RSSI measures between the tag and each router. As the taguntiozes f
from a router, the RSSI between the tag and that router decreases. Likewita)a
moves closer to a router, the RSSI between the tag and that router will increase. A
calibration is required to create a map between position and RSSI. The positional
estimation can be done using triangulation. However, the results shown in this
application were done using 4 Party’s prediction algorithm that was implemented

using a Bayesian based Kalman Filter. We do not show you how the Kalman &dter w
implemented in this application note as it is a proprietary methodology of'qar8/
affiliate. Rather, the purpose of this application note is to demonstrate how EmbedRF
may be used to relay RSSI positional information to a central hub so that users may
process this data using whatever positional estimation algorithm that tlyeshowse

(i.e. triangulation, Kalman filtering etc). The positional tracking in #piglication note

was done offline using Matlab, however there is no reason why a user cannot implement
this as a real-time positional estimation system.

In this application note, we will do the following:
- Configure an EmbedRF Board as a “tag” which will have its position tracked in a

room.
Calibrate the EmbedRF tag so that RSSI may be used as an indicator of position.
Place and configure 5 EmbedRF Boards as “routers” which will relay tlitéopos
of the “tag” to a “hub”
Configure an EmbedRF Board as a “hub” which will receive all information from
the routers, send the information to a laptop PC, and enable the EmbedRF
DesktopPro software to store the positional data to a text file where it can be
processed offline for positional tracking.
Determine the accuracy of the positional tracking by showing trackirgeaég
through two known pathways in a room. Tracking prediction was done using a
3 party Kalman Filter tracking algorithm

4. Set-Up

The rooms in which this test was conducted were at the Oregon Health & Sdrenmae
of-Care Laboratory (PoCL). The PoCL was constructed specificallyrfariaiing a
small studio apartment living space. The layout of the PoCL is shown in the figure
below.
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Figure 2: OHSU Point-of-Care Laboratory (PoCL) inwhich the tracking experiment was done.
EmbedRF boards are shown as blue circles. The EmtheF boards configured as routers were
mounted in the corners of the rooms. The EmbedRFdard configured as a hub was positioned near
the doorway in the center of the room. The EmbedRBoard configured as the tag was moving
throughout the space. Nine calibration points*) were done in each room.

Routers were placed in the corners of the room as shown — hung on the wall using small
paper envelopes and tape. The hub was connected to a PC near the doorway on the left.
The tag moved about the room during the tracking experiments.

The EmbedRF board designated as the tag was configured to repeatedly (every 250 ms
transmit a data packet to the 5 routers placed around the room as well as to the hub. The
routers were programmed to receive the packet from the tag, stuff therfRSi#d i

outgoing data buffer, and then transmit this buffer to the hub. The hub aggregates the
packets from each of the routers as well as the packet coming directlthidag. The

RSSI values received from the routers and from the tag, were sent by the huB@o the
running the EmbedRF Desktop Pro software. This software stored the data tola text fi

for later offline processing and analysis.

4.1. Calibration

There were a total of 9 calibration points throughout the rooms. These calibration points
are marked on the drawing)( Calibration was done by recording all of the RSSI

readings while a test subject rotated 360 degrees in a circle for 40 secorsis. The
calibration points were later used to construct an RSSI-to-positional map usssktiné

tag.
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4.2. Walking Estimation

Two pathways were chosen for a test subject to move throughout the PoCL environment.
The two pathways were selected to include movement throughout the entire space and to
require approximately 1 minute of time to complete. While the test subjdatdvallong

these pathways, the time was noted at the calibration points so that a “groundouidh” c

be made for estimating accuracy of the positional estimation. The dragsadf the two
walking pathways are shown in the results section of this application note.

5. Configuring the tag that will be tracked

To begin, we connected an EmbedRF Board that will be configured as thehadJtsB
Interface Board. The tag is the EmbedRF board that will be tracked.

Figure 3: We connected the USB Interface board (18fwith the EmbedRF tag (right). We made
sure as we were connecting the boards that the labdor each of the pins on the EmbedRF Board
match those on the USB Interface Board (i.e. Vdd stuld match Vdd and Gnd should match Gnd).

Next we connect the mini-USB end of the USB Interface Cable to the U&iBalre:
Board.
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Figure 4. Connect USB Interface Board to USB cable

Next we connected the other end of the USB cable to one of the USB connectors on the
PC computer.

USB Cabl

USB Interface Boal

|

A
EmbedRF Boat

Figure 5: Laptop computer connected to USB Interfae board which is connected to EmbedRF
Board.

The computer had the EmbedRF Desktop Pro Software installed as is shown in the
installation instructions in the “Getting Started with the EmbedRF Develupkie
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application note.Make sure you are running version 2.1 or later of the EmbedRF

DesktopPro Software for this application note.

We configured the tag to be in transmit only mode (i.e. it will not receive detaany
other EmbedRF Board, only transmit). In our application note, we configured the tag

with the following settings:

Router 1
Transmit ID 132
Receive ID N/A (set to 1)

Transmission Interval [s]

0.25

Transmit / Receive Status

Transmit only

Network Configuration

Point-to-point

Analog & Digital Settings Disabled
Power Settings [dBm] 5
Notification Settings Off
Router Configuration Off

Tx Delay [ms] 0

The Configure screen from the EmbedRF Desktop Pro software window for the tag

looked as shown below.
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Figure 6: Configuration window for the EmbedRF corfigured as the Tag.

We disconnected the tag from the USB Adapter board and connected it to a battery
adapter board as shown below.
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Figure 7: Connecting the EmbedRF Board configureds the tag to the battery adapter board.

6. Configuring the Routers

The routers are EmbedRF boards configured such that they wirelesshg itheedata

packet from the tag, stuff the data packet plus the RSSI into the outgoing trangenjt buf
and then transmit the data with a slight delay to the hub. The slight delay bafsraitr

is important to avoid data collisions arriving at the hub. Each router had a diffdegnt de
varying between 25 ms up to 125 ms in 25 ms increments. The EmbedRF DesktopPro

software was used to configure each of the routers with the following paramete

Router 1 Router 2 Router 3 Router 4 Router 5
Transmit ID 136 110 173 205 199
Receive ID 132 132 132 132 132
Transmission Interval [s] 0.25 0.25 0.25 0.25 0.25
Transmit / Receive Status Receive- Receive- Receive- Receive- Receive-
then- then- then- then- then-
Transmit Transmit Transmit Transmit Transmit
Network Configuration Point-to- Point-to- Point-to- Point-to- Point-to-
point point point point point
Analog & Digital Settings Disabled Disabled Disabled Disabled Disabled
Power Settings [dBm] 5 5 5 5 5
Notification Settings Off Off Off Off Off
Router Configuration On On On On On
Tx Delay [ms] 25 50 75 100 125

The configuration window in the EmbedRF DesktopPro application for configuring
router 110 is shown in the figure below:
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Figure 8: Configuration window for router EmbedRF board configured as a router with ID 110.

Each of the routers was configured using the USB Adapter board and the EmbedRF
Desktop Pro software. After configuration, each router was connected torg batte
adapter board and then mounted on the wall as shown in figure 1.

7. Configuring the Hub

The last step in configuring the tracking network was to set up the hub. The hub is an
EmbedRF board that we connected to the PC and configured to receive data packets fr
the tag and each of the 5 routers. In order to do this, the Network Configuration of the
hub needed to be set to set to be set to point-to-multi-point. Setting an EmbedRF board
to point-to-multi-point mode means that it will always be powered on and receiviang da
from any EmbedRF transmitters that share the hub’s network ID. You will fiairoe

the settings below, that the hub has notification turned on so that when data arhiees at t
hub from a router or the tag, it will be sent immediately to the DesktopPro software
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The hub was configured using the EmbedRF DesktopPro software and the configuration
settings are listed below.

Router 1
Transmit ID 16777215 (doesn’t matter since in receive only mode
Receive ID 16777215 (doesn’t matter since we're in multi-pdovpoint mode)

Transmission Interval [s] | 0.25

Transmit / Receive Status | Receive only

Network Configuration Point-to-multipoint
Analog & Digital Settings | Disabled

Power Settings [dBm] 5

Notification Settings On

Router Configuration Off

Tx Delay [ms] 0

The configuration screen for setting up the hub is shown below.

Figure 9: Configuration screen for setting up an EnbedRF module as a hub.
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8. Saving the incoming data to disk

Since the data is arriving rapidly, we must store the data to a teixisfigad of to the MS
Access database. The MS Access database access requires murevtieeto disk and
we didn’t want to miss data arriving from any of the routers. We set up data storage t
the text file by clicking on the Receive tab in the EmbedRF DesktopProeseftw
application as shown below.

Figure 10: EmbedRF DesktopPro Receive tab windowsed for storing incoming data.

It is important to uncheck the “Save all incoming data” checkbox. Since datasarrive
rapidly at the PC, we want to make sure that data that arrives via the Up&iABaard
is a valid data packet. By specifying which EmbedRF IDs we would like totsttine
text file, this provides an added check that the data arriving is corrects ¢higackbox is
not correct, and there is an error in the data arriving via the serial interfdeRC, the
invalid data would get stored regardless of whether it was valid or not.
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By pressing the Save Data to text file checkbox, we were prompted for anfieearal
folder location. The data packets from each of the routers and the tag werterbenos
this file until the checkbox was unchecked.

Data was saved as comma-delimited-text file and could then be imported inad» Matl
where the positional prediction analysis was done.

Time ID Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8 Byte 9 (Router RSSI) RSSI (tag)  Byte Count
14:6:32:89: 205 131 158 62
14:6:32:92: 136 126 142 87
14:6:33:33 132 0 163 61
14:6:33:63 199
14:6:33:11 173
14:6:33:14 205
14:6:33:18 136
14:6:33:29 132

153 153 12
126 158 252
129 157 63
125 143 88

0 163 62

Oooooooo
Oooooooo
oOocooocooo
oOocooocooo
Oooooooo
Oooooooo
oOocooocooo
oOocooocooo
Oooooooo

Notice in the above figure that the RSSI arriving from the tag is stored ifegedt

column than the RSSI from the routers. This is because the data sent from thhdag to t
router gets stuffed into Byte 9 of the router transmit packet. Whereas thaR8i8Y
directly from the tag has the RSSI placed in the RSSI position (column 13).

9. Results

A test subject placed the EmbedRF tag in his pocket and then walked on a pathway
through the rooms shown below. Two different routes were done. The time it took for

the subject to complete each route was approximately 1 minute. While the subject
walked along the route, the EmbedRF hub recorded the incoming RSSI data packets from
each of the routers as well as from the tag itself.

Offline, a Bayesian Kalman filter tracking algorithm was implemefde predicting the
location of the subject during the walking route. Other positional tracking thiigngri

could also be implemented such as triangulation. However, the group that we worked
with on this test (the machine learning group at OGI School of Science & Enggae
OHSU,) preferred to implement the tracking using a Kalman filter bedaissaore
accurate than standard triangulation.

Results of the positional tracking for both walking routes are shown below. The true

walking path is shown in red, and the predicted walking path using the EmbedRF RSSI
measurements and the Kalman filter prediction algorithm is shown in blue.
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Figure 11: Results of positional tracking using ErbedRF RSSI measurements plus Kalman filtering
prediction algorithm for walking route 1.

Figure 12: Positional tracking results using EmbéRF RSSI plus Kalman filtering prediction
algorithm for walking route 2.
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Results from the two figures above show that prediction using the EmbedRF RSSI
measures is possible, but the positional estimates are crude. This is génerafyany
positional tracking method that uses RSSI as the estimate of position [1]. afééne
primary reasons for this. First, signal strength from a transmaiterdff logarithmically.
This means that the majority of the RSSI drop occurs very close to the trans#ste
you move further away from the transmitter, the slope of the RSSI is sagrilfi more
gradual. Second, obstacles in the room cause distortion error in the RSSI readings.
Reflections from the radio waves off of the walls, floor, ceilings, and other tdxstac
within the room all lead to errors in the RSSI reading.

10. Summary and Future Directions

Despite the inherent problems we encounter in using RSSI as an estimateiaf,bsst
application note has demonstrated that a crude estimate of position is possibleeusing t
EmbedRF technology platform. In the future, look for improvements to the EmbedRF
DesktopPro software whereby tracking algorithms will be incorporated insoftweare
such that positional tracking may be realized in real time.
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