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Abstract:

At the Berkdey Wirdess Research Center, the PicoRadio group is conducting
research into awireess network of smal, low-power nodes. The PicoRadio TestBed was
congiructed to provide areal world environment for evaluating PicoRadio dgorithms
The purpose of my project isto perform analyssin order to characterize the hardware
and software of the TestBed. Thisanalysiswill identify sources of error. In order to
profile the entire system, it is necessary to divide the data path into sections. Each
section is a checkpoint to pinpoint the error source. Many sources of error were
discovered in the process. Solutions to each error were offered. Graduate students and
faculty will be using the TestBed in the future, thusit isimportant for them to know
which errors are inherent to the sysem. Any additiond errors will be as aresult of the

agorithms under tet.



[.) Introduction:

The PicoRadio project is developing asmall, low-power wireless network of ad-
hoc, multi-hop nodes. Thereis no centra node in this configuration, as there may be
thousands of nodes smultaneoudy tranamitting data. The project in itssmplest formisa
system sending information between two or more nodes. Power dissipation in these
nodes is 0 smdl (less than 50 uW) that it may be possible to run each node on energy
scavenged from the environment, such as the energy from afoot-step. Some uses of this
gystem are in smart home environments, sensor networks, toys, and communications.

The TestBed is made from off-the-shelf components. In order to evauate
agorithms before asingle-chip PicoRadio is available, the PicoRadio TestBed was buiilt.
The gtrength of the TestBed is the ability to use this platform for experimentation of
applications, networking, MAC, and locationing agorithms. The TestBed isaso highly
configurable to any application. In the TestBed, the wireless network is composed of a
basestation and a corresponding sensor node.

A basic PicoNode consists of a power board, digital board, sensor board, and a
radio. Thedigital board consists of an ARM microprocessor and a Xilinx Feld
Programmable Gate Array (FPGA). These e ements process the information transmitted
from the sensors. The sensor board has specific sensors for temperature, humidity, and
light. Each sensor outputs a voltage, which is then converted into degrees Celsius,

percent humidity, or lux vaue, respectively. The radio used now isaProxim, a 800



Kbitg/sec. An Ericsson Bluetooth radio will be implemented shortly, with much lower

power disspation.

1) Teds:

a.) Sensor Board Side

Thefirg task isto check to see if what is being recorded at the sensorsiswhat is
being sent to the basestation. In order to accomplish this, you must bresk down the
sensor node into sections.

The firgt section is between the sensors and the ARM processor. Tests were done
to verify that the data taken by the sensors made sense a the ARM. Vaues were
compared in the tranamit buffersin the ARM after being logged at the sensor. These
vaues were verified usng aDigitd Andyss Sysem (DAS).

The second section is between the sensors and the ARM data bus. Tests were
doneto verify that the decima values produced by the sensors were not modified or
corrupted by the ARM (on the databus). Again, usng the DAS, you can accomplish this.

Thethird section is between the data bus and the radio. This section includesthe
FPGA. It was clear that the vaue on the data and address buses were the same as the
vaues tranamitted on the link of the radio. Thus, the analysis of the sensor node sending
what is recorded by the actua sensors is consistent, and there are no errors with the

processing of the information. Later tests will re-verify with larger data sample sets.



N

Sensor Board/ Sensor Board
ARM Tmp Lot Hum

DataBus/
Radio(Node)

(= | G

Each sensor on the board has a conversion associated with it. Temperature
Sensor:
Temp© = (Vout-0.378) / 0.04242
Humidity sensor:

Hum(%) = ((Vout/\Vsupply) — 0.16) / 0.0062



Light sensor:

Light(lux) = Vout / (Rfeedback * 1.1 nA/lux)

In order to determine if the sensors would be affected by a change in supply

voltage, | manualy adjusted the power supply voltage from 4.9 to 5.2 Volts (nomina

Vsaupply is5V). Itispossible for the supply voltage to be dightly different from one
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node to the next, and it is necessary to seeif thiswill affect the sensors. The light sensor

was unaffected. However, there were dight changesin the temperature and humidity

sensors. For the temperature sensor, the change was in the range of 15 decimad values

(onascde equivaent to 0> 100 degrees Cesusrelative to 0 2 4096 in decimal).

However, when andyzing this data further, it is seen that for room conditions, this only

amounts to 0.3 degrees Cesus. The same can be said for humidity: a change of tenths of




apercent. For the purpose of the temperature and humidity sensors, when measurements
are concerned with human comfort leves, thisis an acceptable change of output with a
change in supply voltage. In other gpplications this may be an issue.

While looking at the output of the light sensor on the oscilloscope, it was noticed
that there was some oscillation in the output voltage. Looking closer, it was found that
the fluorescent lighting system was actudly being interpreted asan AC signd. Thiscan
easly cause problems Since a one-hit error is Sgnificant in room ambient light levels,
which are very low with respect to the light sensors full range. In order to check, a
flashlight was shined into the light sensor. A DC sgnd was the result. Thus, ambient
room conditions with fluorescent lighting (such as the lighting used in BWRC) may
result in an oscillating Sgna and a possibility for error.

The robustness of each sensor was aso aconcern. Each sensor should be stable.
In order to check this, adynamic test for detecting the presence of bad values was
indaled. The program logged an initid GoodVadue. Then samplescamein a 5 samples
per second. These samples were compared with the GoodValue. A tolerance was set
(5%, 10%, 20%), and if the sample was outside of this tolerance, BadVaue was
incremented. It was found that the light sensor was gving bad vaues. However, these
vaues weren't outside the tolerance of 20%. Thiswould point to the fact that the room
light conditions changed during the test duration (tests were run no longer than 10
minutes). Anincreasein sunlight would cause this change since a skylight was nearby

the TestBed.



Sensor Board Conclusions:

The temperature sensor has been determined to be robust. Temperatureis
essentidly ratiometric with achange in Vsupply. Both the humidity and light sensor
have a tendency to be noisy, even if these noise values are not outside of a certain error
tolerance. Thisfact must be known by future researchers. The noise becomes apparent
when the sensors are tested for an extended period of time. A solution to thisis an analog
low passfilter or DSP filtering in the software. Findly, the light sensor will oscillatein
room ambient conditions due to the fluorescent lighting scheme in houses and offices.
The main problem with this oscillation isthet a norma room light, the binary vaue of
the sensor is very low, thus asmal change could produce an error of up to 25%
depending on the conditions. This can be fixed usng a non-linear scale (log graph) on

the light sensor.

b.) Basestation side:

The basestation receives data from the sensor node through the Proxim radio link.
The sensor node sends this data at arate of 5 samples/second in my testing phase. Both
the sensor node and the basestation log their datato file. The sensor Side logs asthe data
is measured, and the basestation sSde logs the data when it is received through the radio.
It isimportant to determine that what is transmitted from the sensor node isindeed

recelved at the basestation



The method used to compare this data was a batch compare. Both the basestation
and sensor node were run smultaneoudy. After a set duration in seconds for the tett, the
programs would dump the dataiinto files Using adiff command, the text files were
compared to each other, and the results examined for missng samples (a sample
transmitted by the sensor node wasn't received by the basestation) and corrupted data (a
sample trangmitted by the sensor node was dtered). These types of errors are inherent on

aradio link. The tests were run for up to 10 minutes at distances up to 40 feet.

Data
Time (min) Samples  Missing Samples % Missing Errors % Error

2 600 3 0.50 0 0.0

Baseline 5 1500 8 0.53 0 0.0
10 3000 31 1.03 0 0.0

2 600 15 2.5 1 0.17

20 FT 5 1500 40 2.7 3 0.20
10 3000 78 2.6 4 0.13

2 600 32 5.3 8 1.3

40 FT 5 1500 83 5.5 15 1.0
10 3000 173 5.8 32 1.1

This data concludes that at a basdine distance where the radio are next to each

other, less than 1% of the packets are missing and there are no data errors. The number



of missing samples and data errors increase as the radios are moved further apart. At 20
feet, gpproximately 2.6% of the samples are missng, with adata error rate of less than
0.25%. At adistance of 40 feet, approximately 6% of the samples are missing, with a
data error rate of 1%. These values are not unheard of asfar as radio transmisson error

is concerned.

Basestation Conclusions:

One concluson from andyzing the basestation Sde is that there may be inherent
error in the form of missing samples or corrupted data through theradio link. An
increase in distance with the radios will increase thisinherent error. Methods or solutions
to these problems come in the form of either correcting bad data, or making sureit is
properly sent. Error-correction codes in the software can adjust for changesin the data
Redundancy, or sending more samples than needed, can dso help: once the basestation
receives asampleit throws away al copies. Also, if the basestation does not receive a

sample, it can ask the node for re-transmisson.

[11.) Conclusions:

In conclusion, the entire TestBed system has been characterized for errors.
Correctable errors in the system are now understood and suggestions have been given in
order to correct these errors. Also, inherent errors with the system have been identified.
Correctable and inherent errors ranged from bad sensor outputs to missng samplesto

corrupted data. With the further use of the TestBed for research, users will now know

10



what errors are inherent to the system. Correctable errors will be fixed by TestBed

designer extraordinaire Fred Burghardit.
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