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Abstract

A high altitude helium balloon was sent up approximately 30 kmtie@@tmosphere and
tracked usingsPS. The balloon was made tiftex and designed to expand as the

altitude increased and eventually burst at the design altitude of 30 km. After bursting, the
balloon releas#a parachute which guidihe payload safely to the groun@he purpose

of the balloon was to take photograpnd take atmospheric measurements. Systems to
measure the pressure, temperature, and cosmic ray activity as a function of altitude were
designed and constructed, however, due to weight restrictions and last minute failures, no
measurements were takefll of the instrumentation was powered by two 3.BV00

mAh lithium polymer batteries and fully controlled by three PIC microchips. The

balloon launch took place on March 30, 2008 near Maynooth, ON. Thédsinukhg

location of the payload was deeptive Adirondacks ParkThe payload was suessfuly

tracked and recovered with all instrumentation still intact, includsigMB worth of

good qualitypictures. Pictures up to 153 minutes of flight time were recorded and were
used in calculating the ditide of the balloon.
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Purpose

The purpose of this project was to construct a payload that wonkist of
instrumentatiorcarried by a helium filled ballooto altitudes of approximately 30km

which wouldtake pressure, temperature and cosmic ray activity measurements during the
duration of the flight A digital camera would also be attached to the payload exterior in
order to capture aerial photos of the flight. The payload would be tracked throughout th
flight and, upon landing, retrieved for data analysis.

Goals

The goals of the project were as follows:

To o

To oo Do

Achieve an altitude of 30 km
Take photographs
T servomotor contrdio achieve photographs taken at various angles of
depression
Design and constructioof temperature, pressure, cosmic ray activity
i Obtain data
Tracking of the balloon in flight
Safe recovery of payload and instrumentation
Design balloon within limitations
T Power
i Weight
T Cost

Design Method

The design method used was an iterative proaedss best illustrated in the flow chart
shownbelow:

Conceptual design
Detailed design
<=> Component hardware
Component software.

Final Construction| | System Integration

Figure 1 - High altitude balloon design methodology.
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Payload, Parachute and Balloon

Payload Capsule

The main purpose of the payload capsule was to provide a means bytavtachy the

instrumentation, insulate the electronics and to dampen the force felt by its castgnts

impacts the earth upon landinghe payloaccapsulevas constructed out of
insulating foam with inner dimensions of 7x7x9 inchEse capsule wacarried in a

nylon jacket with rings fastened at each upper corner to which the parachute was

connected. The jacket was necessary to ensure the parachute did not detach from the

payload capsule once fully deployedll instrumentation was contained withthe

capsule during flight except for the digital camera which was mounted externally as

shown in Figure 2.

Figure 2 - Payload capsule.

Balloon

The balloon was: totex sounding ballogourchased from Kaymont Meteorological
Balloons. Its specifications are shown in Table 1.

Table 1 - Balloon specifications [Kaymont Meterological Balloons].

KCL 1500
Average Weight (g) 1500
Neck Diameter (cm) 3
Neck Length (cm) 12
Payload (Q) 1050
Recommended Freeft (Q) 1280
Nozzle Lift (g) 2330
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Gross Lift (g) 3830
Diameter at release (cm) 185
Volume at release (m3) 3.33
Diameter at burst (cm) 944

Using the relationship:

(1)

N

Where R and \j are the pressure and volume respectiaehaunch altitude, and,Bnd

V, are the pressure and volume at bursting altitudeng balloon specification and

atmospheric pressure versus altitude data it was found that the balloon would burst at an

altitude of 34.2km. The balloon would be filladth helium gas (which provides the lift

values as given in Table 1) from a compressed storage tank and Equation 1 was used to
determine the volume transferred from the ta
gauge.

The mass that the filled ballnavould be capable of lifting is given by the following
equation:

m= ¢air _pheliumyheliun (2)

Where } is the respective gas densities and
maximum total weight that could be lifted by the volume of heliwemgby the

ball oonds specifications at release would be
Parachute

The purpose of the parachute was to slow the rate of decent to minimize damage on
impact. The parachute was a 6 ft diameterpmsosity ripstop purchased from the
Rocketman StoreThe bottom of the parachute was connected to the payload capsule and
the top of the parachute was connected to the balloon by a 30ft long nylofiiepe.

equation used to determine the rate of decent was given by:

VL 3)
D Cy
Wheremi s t he mass of the descending payl oad, g

the density of air, D is the diameter of the parachute and the coefficient of drag for
the parachute (approximately 0.2).

The entire balloon configuration is shownFigure 3.
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Figure 3 - High altitude balloon configuration.

Weight

Power systems

For the most part of the project the specific requirements for a power system were
unclear. The original design called for a single 3.7V, 5.3Ahikm Polymer cell to

provide all the power to the balloon. Lithium Polymer (Lipo) was chosen based on a very
high energy storage to mass ratio and a low response to a decrease in temperature. It is
well known in the industry that lithium cellwhich areused by the militarydo not show

a significant power drop in cold weather. Although the quantitative temperature response
of Lipo batteries is unknown, they have been used in high altitude projects before. After
an initial failed order fromvww.cheapbatterypacks.comwo identical 5700mAnh cells

were purchased fromvww.all-battery.com They were attached to a foam mount, wired

in series and t ap pugdvinga totdl of a700mAhawittbas  Mi cr o
operating voltage range of 8.4V. Using an average of 3.7pér cellthis amounts to

an estimate of 151 848J of storage. The total weight of the batteries was 280g.

As the specific voltage and current requireméeisame clear, voltage regulators and DC
step ups were ordered. The power requirements are given inIl dltfle power system
used to meet these requirements is given in Figgufée circuit in Figure was built to
provide a step up from 8V to 48V forelbias of the detector. Separate groumese used
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to achieve the £ 24V. Considerable time was spent to achieve proper operation of this
circuit

Tablel: Component power consumption

Power

Component Voltage [V] | Current [A] [W]
Microtrak 8000F/A + 0.80 (1s/21s) H
GPS 12 0.01 0.58
Camera 5 0.56 2.80
Camera Servo 5 0.4 (1s/17s) 0.18
Silicon detector 24 + 24 0.01 0.48
detector preamp 5 ?? ??
PICS 5 0.024 0.12
Op amps -15+15 0.018 0.54

Total: 4.70
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5700 5700
mah mah +5
Lipo Lipo

To all Pics, comparator
and camera systems

To transmitter

- 15V DC step up
33ma
+15

= To opp amps

-15% DC step up L
33ma,
+15
To opp amps
-15

Figure 1. Regulators and step ups used to supply necessary voltages to the circuits in the payload.

1.25+1.00 mH
+24%

-

O 1uF

470uUF —

Figure 2: Step up circuit used for the detector bias.

The efficiencies of the regulators and step ups fell between 80 and 90%riaddagaa
function of current. With the total power consumption givehablel and efficiencies
of the regulatorg was expected that the batteries would last just over 8 hours if they
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were not severely affected by the cold. The power system maintzomezt from the

time of launch at 3:45 until far after landing at 11:45 pm in the evening ( 8 hours!). Note
that the camera system was disabled 4B&minsthe silicon detector and preamp were
removed before launch and the pressure and temp opveengdisabled. On April T

2008 at 12:01 at night the transmitter powered back on and began transmitting packets
which were received on average every 6 minutes until 12:25 noon the same day. This
could be due to an increase in outdoor temperature but nolesshevas entirely
unexpected. The batteries were found at 1.5V below their minimum operating voltage of
3V per cell.

Microcontroller

Purpose

A microcontroller was used for tleitomaticdata logging of instrumentation and control
of the camera shutteBy using a microcontroller, the data acquisition and camera
control could be customized to suite the flight of the payload.

A PIC MicroChip microcontroller was selected over a STAMP microcontroller as they
retailed at $5 per chip, as opposed to the BPAvhich retailed at $50The cheaper
microcontroller was selected so that there was no fear of shorting a $50 device, and a
greater number of devices could be implemented on the payload without exceeding the
budget. The technical staff at the Physicsgaetment also had available three 18f2620
PI1C microcontrollers and a PicStart Plus programmer, which allowed the team to begin
learning about microcontrollers early in the design process.

Design

Circuit

Figure3 showsthe pin diagram for the 18f2620 mo@ontroller. The circuit for the
18f2620 microcontroller consisted of grounding iand pinl9, 5V power supply at pin
20 and holding MCLR pinl at 5V. The 5V regulated power supply eliminated the need
for protection diodes and areetrolytic capacitoacross g and Vss Port A of the
microcontroller was used as analog inputs, and Port B as the digitali®internal
oscilator was used and set at 8MHz and a 5V ADC reference voltage at pin 4.
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Figure 3: Pin diagram for the 18f2620 used fothe payload

Analog to Digitaland EEPROM

The microcontrollewas used to digitize sensors signals and store the digitized data into

its nonvolatile memory (EEPROM).

== RBNINTHFLTOANTZ

Port B

v

The 18f2620 microcontrollers have alid or 8-bit ADC integrated into the chip dns
accessed through the softwaren &bit ADC was selected as each data conversion

would take up only one byte of address space as opposed to the two byteshdr a 10

reading. The acquisition time was selected as along as possible as measurements we

taken every 1.5 minutes-flight andas theravas no need to makapidmeasurements

The conversion was clocked at 1MHz using the internal oscillator with not a lot of

precision but measurements were taken at 0.01Hz and thus the inaccurate high speed

clock would not affect time measurement intervAlser each conversion the data was
1024bytesTheavail abl e

stored

nto one

of t he

measurement intervals were gdwith aflashingLED anda stopwatch.

Challenges

Due to the unfamiliarity amongst group members with PIC microcontrollers, the
programming and operating of theamocontroller had a steep learning curve.

Some of the main challenges that were over come were becoming familiar with

microcontroller software architecture, programming a PIC in C and comprehending the

microcontroller datasheet. The C language is rmmnamonly used language for PIC

microcontrollers (Assembler is more commonly used) and thus the group had a lot of

difficulty finding example code for the particular PIC device. This frustration was
compounded by the compiler (MPLAB C1&)mpiling code whsh was actually
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incorrect, i.e. the code would compile without error warnings but the microcontroller
would not run it. Several weeks were wasted trying to get the microcontroller running
codethat it could not understand.able2 showsan example of inmrrect code that

giving the group problems.

Table 2: An example of code that would compile and but not run on the microcontroller.

Comment Code for access data EEPROM memory|
Compiled, did not work on PIC EECON1<7>=0;
Compiled, worked on PIC EECON1bits.EPGD=0;

Some other difficulties included timing code for interval readings or camera shutter

control . The group was unable to use the co
code. The crude solution resa to looping a flashg LED and timingintervalsmanual

with a stopwatch

Camera system

The initial design for the camera involved stripping all the unnecessary components
(casing, flash, batteries) from an older 3 MegaPixel Gateway digital camera which was
donated to the project. The screresis modified to be turned on and off to save power.
All the electronics were to be placed in the insulated capsule while the 26 and 20 pin
0.5mm ribbon cables were to be extended so that the lens could sit outside on a servo
motor to take pictures at vatis inclinations. Wires were run from the PIC to the firing
button contacts to activate the camera electronically. Unfortunately reliable contact
between the ribbon cables and ribbon cable extensions was not achieved despite multiple
soldering efforts and mechanical clamping system. At this point the initial plan was
abandoned. All the previous effort was not entirely in vain, the experience gained was
used to quickly modify the newer camera.

A 7TMP Casio Z75 was ordered to replace the old 3MP camdlastrational). Due to
errors by the vendor this camera was not received on time and a 6MP Kodak was used in
exchange for the Casio. The camera was conne
mounted on an aluminum swing actuated by a servo motdote the camera to look
anywhere between +90degrees from the horizontal. Wires were connected to the firing
button. Two outputs from the PIC opened the gates to two n channel transistors which
would first autefocus the camera and then fireTihe setups givenin Figure4. The PIC
was used to provide the pulses necessary to move the servo motor. Although these were
properly tuned at one point, the timing of the PIC changed upon modifying the program
and the servo motor became unreliable and was notiugeel final launch. The camera
was set at roughi80 degrees from the horizontal. The stripped 3MP camera weighed in
at 100g, the new camera was approximately 160g.
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Figure 4: The electronic design for the camera system used

This system worked reliably, the PIC fired the camera every 17 seconds. 627 Pictures
were recovered from the flight. 823mb of memory was used from a total of 1gb available.
It is has been concluded that the camera ceased operation at an altitudelgf28krmh

due to low temperatures and lack of insulation.

Sensors

Purpose

The payload was equipped with sensors to investthataltitude dependenoy
atmospheric temperature and pressure. These readings would also provide us with
variable data correspdingtot he payl oadés altitude througho

The sensors were designed to withstand maximum temperatu&S @by using

military grade operational amplifie(¥exas Instruments TLO74M Quadampg)l
measurement circuitry used mefith resstorwhich havesmall temperature
dependenciesThe circuitry was made temperature independent by employing the use of
resistor ratios. It could be assumed that any change in resistance due to temperature
effects would be identical for each single resisand thusheresistor ratios would not
change.

Temperature Sensor

The balloon was equipped with a temperature sensor to track changes in temperature
from the launch to landing. This data was hoped to prdatelgroupwith further

altitude dependamtata and some interesting temperature cuevgdanindication of

layers in the atmosphere.

Pagel0



The ball oonds c etodrasstig trdp@paugehthe bauhdarg vetsveen the
troposphere and stratosphaseseen ifrigure5. Thetropopaseis defined by the lowest
temperature dropm the stratospherat around50°C. The temperatuneemairs constant
from between-10 km to~20 km.

100

ThLarmosphere

20 Megsopause

80

\ Mesosphere
70 \

Stratopau 9

Stratosphere
30
20

Troposphere T —

Altitude {km})

=
o

\

180 200 220 240 260 280 300
Temperature (K)

Figure 5. A plot of temperature versus altitude (UofT)

A thermistor was used as the temperature transducer as they are small, cheap and rugged.
Thelow resistanceéhermistor was selected with a negative resistance coefficient; it

increases in resistance with a decreasing temperature. This \wvabldezs the extreme
temperaturebs concerning t-lwltempetatureatare f | i ght
apositive resistant coefficietthermistormay short at low temperatures.

A constant current d.1 mA was sent through a Mkresistorandthe voltage change

due to temperature change was measured across the theawishmwn irFigure6. The
amplification of the signal was necessary in order to increases the apparent sensitivity of
the transducers and offset the transducer signal totepeithin a desirable temperature
window. The operational amplifier also buffered the thermiftmm the microcontroller.

The current source circuaind offset voltage circugan beviewedin Appendix Aand
Appendix B respectively
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Figure 6: Simplified Diagram of Current Source, Thermistor and Op-Amp with Offset

A calibration curve of the sensor circuitry was made by placing the thermistor at the head
of a thermocouple probe. The thermistor and thermocouple were placed agjvaryi
heightsin a Dewar flask of liquid nitrogen, which gave temperatures fré@ ©-65°C

and the resulting curve can be seehigure?7. The calibration data contained ranao

error, as the probe was held iiand above the liquid nitrogemd anysmall shake or
movement from the person holding the probe, could vary the temperature by a few
degrees Celsius. The main purpose of the calibration was to find the resistance of the
thermistor at60 °C; the assumed limited minima for the balloon flight.
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Figure 7: Calibration Curve of temperature sensor output (V) versus thermocouple readings

The sensor ranged in a resolution ¢€3at-65°C and 0.5°C at 0°C.

Pressure Sensor

Recording the pressudairing flight it wouldgive a better indication ddltitudethan
solely measuring temperature (disregarding GPS measureméhéspressuraltitude
relationship can be seenhigure 8 and giving a exponential decay with increasing
altitude

A MotorolaMPX100piezoresistiveabsolute pressure transduesrsused in the sensor.

It has an operating pressure-40 °C to 125°C andthetemperature compensation of

readings can b®und in theMPX100datasheefThe transducer was powered by the 5V

supplyand would give 0.6mv/kPand is represented Figure9. The ADC was only

capable of a 20mV resolution and thus the transducer was amplified by a §ainTdie

potential wa across the two outputgs fal into an instrumentation amplifias seen in
Figure9where\(=5V. The fAcl asammgo tihmeter wmpent ati on ampl
selected for amplifying the transducénstrumentatioramplifiers havegood S/N

characteristics and the gain can belgascreased or decreased by changing only one
resistor(Kitchin etal).
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Figure 8: Atmospheric pressure verus altitude
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Figure 9: Instrumentation amplifier for the MPX100 Motorola pressure transducer

The gain is varied by changing the value gfiR The pressure sensors were offset to
record readings above 10km aodjive an accuracy of 500 Pa. At an altitud@2km
the static pressure &0 =+ 10Pg therefore the resolutiomould be sufficient up to that
altitude. The pressure sensor was testd@@Pa using a vacuum chamber and the
datasheet calibration curve was confirmed &garel10).

\Y,
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Pagel5



70

&0 LINEARITY B
|~
:
S SPAN
o o
5 (VFss)
o
OFFSET
o
0 I . . L | L L L ! | ! ! ! L lfDFF:‘P
’ MAX T Pop

PRESSURE (kPA)

Figure 10: Unamplified MPX100 transducer output taken from the Motorola MPX100 datasheet

Sensors During Flight

On the day of launch the £15V supply stopped working. This ultimately prevented the
payload from reading the sensors as all thamps were un powered. The supply

stopped working founknown reasons, as the sensors had worked that morning of the
launchdaynt he Queends Uni.vleersensots yerette prdyicamponént b s
of the electronics powered by the £15V supply. The cudews of the sensor were

calculaed to bebelow the 33nA maximum

There had been some difficulty with the £15V supplies in the past. Two had been
destroyed in the previous weeks to the launch. One incident involved accidentally
shorting the supply inputs and the other incident may haeaedue to a sensor offset
voltage divider drawing to much currerat the launch site some untested soldering was
carriedouton the instrumentation circuit board, possibly shor§omething along the
+15V supply.

The 15V supply problem could have besvoided if a spare supply was brought to the
launch site, knowing that there had been previous difficulties with this particular supply.
Testing for shorts using an ohmmetsefore powering up the circuitrigas prevented

ruining electronic devices ithhe past and should have been carried out on the launch day.
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In future by being aware of the current drawn of devices with respect to their supply and
testing for shorts, whenever poweriagircuit, could prevent destroying critical
components of aircuit.

Cosmic Ray Detector

Introduction

Large quantities of high energy cosmic rays from the sun and other extraterrestrial
sources impinge on Earth constantly. These particles are highly attenuated by the
atmospherewherecosmic ray activit is negligible near the surface, which is essential to
the existence diuman civilization. However, high up in the atmosphere, cosmic ray
activity is not negligible and can become quite significant at the design altitude of the
balloon.

Near the surfag, there are many sources of background radiation, but high up in the
atmosphere nearly all radiation is from cosmic ray activity. A system to measure the
cosmic ray activity as a function of time was designed, constructed, tested, and fully
automated befre insertion into the payload capsule. By correlating the activiky data

with pressurdime measurements, cosmic ray activity as a function of altitude could be
obtained. Following the exponential decay law, we expected an exponential increase of
the activity with height above the surface.

As with the rest of the instrumentation of the balloon, the design constraints of the system
were:

e Powered by a 8V battery supply

¢ As light as possiblé no individual weight limitation was specified

e Fully automatd

An additional constraint which arose due to a change in direction of ttesnpiéication
method, limited electronic components, and a lack of time to order additional parts was
that the entire cosmic ray detection system had to use a separate cancmbpaint

which was +24V higher than the ground of the rest of the payload instrumentation. This
was achieved by carefully separating the circuitry and gr@aseé of the system from all
other systems in the payload.

Detector

The detector used waseverse biased Si diode semiconductor detector. It was an Ortec
BU-CAM-600 designed to measure alpha particles. The detector area was 800 mm

This detector was the most suitable detector for our purposes that was available and could
be borrowed. Althogh the majority of cosmic ray activity in the atmosphere is protons,
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about %% exists as alpha patrticles (Yad)ue to the small detector area, detector
efficiency, and the detector being designed for alpha particles, we were unsure of the
actual count ri@s, if any, that we would obtain. Instead of choosing our counting time
based on our expected count rates, we chose the counting time based on the amount of
memory we had and the expected flight time.

Power Supply

The preamp required a power supply€24V andi 24V at 1.8 mA. According to its

data sheet, the detector required a reverse bias between +15V and +24V. Although the
detector had been tested to operate at lower bias voltages, + 24 V was used due to its
availability from powering the pramp. We did not have the components required to
supply-24V relative to the payload ground, and thus a separate common point had to be
used. The required voltages were achieved from a UC25A0Dswitching regulator

as shown irFigure 11.

+5 @ from battery

A A e, T~ +i4 W
1 %l
1.25m im
o 2
5 VIN 4 SWITCH o1k ]
VCES?ITD-ADT
1 CoMp = Cout -
¢ TB P
= Ou Re 470u ‘4{ Z
485 2 GND § - §
1M
= co 1k
T 0.05m

-4 @

Figure 41: Circuit for providing +24V and -24V.

The 8V input from the battery was stepped up to +48V and fed into a voltage divider to
supply +24V and24V. The circuit was designed and built based on the regulator data
sheets and testing. Thegulator was designed to handle large currents on the order of
amps, and much extrapolation of the data sheets and testing had to be done to provide the
required voltages at low current in order to save power. A detailed design methodology
and calculatns of the power circuit is provided AppendixC.

Signal Amplification

A block diagram of the system setup is showhkigure12.
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+ 24V pre-amp power

-24 V pre-amp power

+ 24 V detector bias

Pre-amp

Si detector

Amplifier

PIC

Figure 15: Block diagram of cosmic ray detection system.

The preamp used was a@drtec modell18 The metal casing was removed and replaced
with a cardboard case wrapped in aluminum foil in order to reduce weight. The amplifier
was a LM111 comparator which stepped from high to low on a count. The amplification

circuit is shown irFigure 13.

R4 + 59

Ay

R3

+ 4 9

1k

' R ?
7 Ay

Pre-2mp Cutput

Qutput to PIC

Figure 16: Comparator circuit used in amplification of detector signal.

The reference voltage provided from a voltage divider was 30 mV, and was based on the
pulse heights measured fromi*sAm alpha source used in tests. Aasifor was used to
provide AC coupling to the comparator. The output was sent to a PIC for data collection.
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In order to match the digital input to the PIC, a 5V supply was required for the
comparator. This was provided from a voltage divider using 24&/-available from the
voltage regulator.

Testing

Rigorous tests of the detector, {a@p, and comparator were done with an oscilloscope
and an alpha source. After all components were found to work in tandem, all the pieces
were soldered together ontdaard and tested further.

In writing the PIC program, consideration of the PIC processing speed was taken into
account. The PIC operates at 8 MHz, much faster than any count rate we expected.
However, we had to ensure that the fast processing speadtdiecord multiple counts

for a single hit on the detector. This was done by introducing a 50 ps dead time after
each count, which was roughly twice the average pulse time as seen on the oscilloscope.
Since we expected a very low count rate, this deael was not expected to cause any
counts to be missed. An individual PIC was used for the entire cosmic ray detection
system due to its availability, our lack of knowledge in ratalsking PICs, and the need

to have the system at a different common tih@rést of the payload. The PIC recorded

the total number of counts in 3 minute intervals.

Tracking System

Tracking using radio communication was a subject which no member of the group had
any working knowledge of. It became clear that in order totnanmsition data a GPS

along with a terminal node controller and a transmitter would be needed. Receiving the
data could be accomplished with a receiver attached to a TNC on the ground. Setting up a
reliable transmitting and receiving system which wougktrthe power and weight
requirements with limited knowledge proved to be challenging. Advice was sought from

a local pilot Barry Smithwhosehobby involved tracking his aircraft using amateur radio
frequencies. Barry Smith pointed us in the directibmww.byonics.coma small

company specializing in radio frequency tracking equipment. Barry also pointed out that
making any sort of system ourselves to transmit data (telemetry) could be much more
sophisticated thanevthought. Packets used for radio communication must be
appropriately fAshapedo to ensure proper rece
modem had proven to beliable;this was hooked up to a standard transceiver and placed

in a box. Eventually it wadecided that the MicroTrak 8000F/A would be the ideal

candidate for tracking the balloon. It combined a TinyTrak3 modem with a transmitter in

a light weight and reliable package. A simple serial connection to a GPS would allow the
MicroTrak to periodicdl transmit is coordinates. This product did not allow telemetry

but the convenience and low cost (180%) outweighed the cost of not using telemetry.

A Garmin 18 OEM GPS was procured from the Physics department and modified to a
standard serial connectioGPS do not output any position data above 20km high. This is
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to prevent their use in terrorist missiles. Throughout the mission the GPS functioned as
expected.

In order to procure support and further advice a presentation was made to the Kingston
Amateur Radio Club on February'6The club agreed to buy and lend us the MicroTrak
8000F/A on the condition that it be returned to them if the balloon was successfully
recovered. Since an official HAM radio license is required to transmit on these
frequencieghe club lent us one of their call signs: VE3SKAR. They also pointed us
towards a report on a similar project which had recently been launched from Perth
Ontario.

Once the MicroTrak arrived it was set to transmit at 8W on 144.390MHz. After the GPS

lockk d onto satellites, the position data was
stations and uploaded to the internet on the Automatic Position Reporting System
(APRS).www.aprs.fior www.findu.com These sites would place a marker (in our case a

balloon) onto Google Maps in the last known location of the balloon. They would also

store the raw packet information for further analysis. The MicroTrak transmits a short

string of charactersalled the Beacon which is displayed on the tracking sites. This

beacon can be changed in the setup while the device is serially connected to a PC. It was
initially set to AQUEENS BALLOONO and it was
periodically by a PIGrying to emulate serial communication from a PC to provide

telemetry. Given our difficulty with the PICs this idea was quickly abandoned.

It is important to note that 8W is a considerable amount of RF power. In the experience

of other trackinghobbyists powerson the order of 300mW can achieve reliable
communication through the atmosphere. 8W was selected based on the available power
from the batteries and based on the need to ensure reception once the balloon has landed
in its final location. A quartewave whip monopole antenna was borrowed from the

KARC. During the flight it was oriented vertically. This was done to ensure a strong
radiation field upon landingassumindhe balloon landed upright or got stuck in a tree as
was expected.

In order to completely test our tracking abilities, particularly the ability to monitor

altitude, the partially completed capsule along with some members of the group were

taken up in one of OFFO6s (Kimgstadarndselfdl itglhtpc
Barry also demonstrated and helped us set up the necessary software to track the balloon

from a laptop connected to a receiver. The test flight trajectory is shdvgure14.

The flight demonstrated ealedkthatthedreqkencgyaf uni t 6 s
transmission need to be increased from once every 2 minutes to once every 21 seconds in

order to ensure recovery of the payload.
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Figure 14: Flight path of the test flight. Note the large gaps between transmission which occeu
every 2 minutes.

In order to eliminate complicated external hardware (a TNC) while remotely tracking the
balloon a receiver was directly connected to the sound card of a laptop. With the use of a
program called AGPWE, the radio packets received franb#iloon could be interpreted

by the computer. AGWPE was used in unison with another program; UlView32. Ulview

is availabletco HAM users. The program woutdad the packets from AGWPE and place

a marker on saved maps in the current location of the balldunsmall antenna on the
receiver allowed only for a limited range. This system worked-selmbly until the

balloon passed above 20km. Once it did, packets could be received but not interpreted as
expected based on the GPS operation.

Throughout the pcess of this project, new tracking technology became available. The
TinyTrack4 was released. The company claimed it could do telemetry, however since this
was not offered with a compact transmitter like the TinyTrak3 (in the MicroTrak) and
since it was | an infant product it was not used. It was also unclear as to how telemetry
could be received and interpreted based on our knowledge of the available software.

The robust tracking system led to complete tracking of the payload throughout the
missionand t o a successful recovery. The

net wor |
path assisted in tracking the balloon while the small receiver was out of range
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Cut Down Timer

The use of a cut down timer was recoended in many reports on previous high altitude
balloon projects. The connection between the parachute and the balloon would be cut
after a certain amount of time releasing the payload into freefall. This is appropriate for
the scenario where the ballodaes not pop at high altitude and continues to drift. The

use of a cutlown timer would have been extremely beneficial to the recovery of our
capsule. A design was attempted where a high current was sent through a ¥ Watt 1 Ohm
resistor, heating the ressstand melting a nylon rope. This system was demonstrated in

the lab 3 times with a wall power source before it was pursued. Monostable 555 timing
circuits were experimented with however it was found that too large a capacitor would be
needed to achievedhdesired period and they could easily be falsely triggered.

The final design involved connecting the buzzer outputs of a kitchen timer to the trigger
of a monostable 55 timing circuit. After the get timer triggered the timing circuit, a 5
second 5\pulse would be applied to anGhannel MOSFET capable of sinking th& 4
Amps required to heat the resistor to cut the balloon downFi§aee 15 for the diagram.
Again the timing circuit proved far too volatile, it could be set off accidentally by rgovin
the electronics around. This could be because of poor connections due to the use of a
protoboardand the cut down timer was not usetltting down the balloon at a small
altitude due to say a current being inducethatrigger from the high RF power could
have been disastrous.

Thedesigned55timing circuitis shownin Figure 16 The timer which supplied a

voltage of 0.1V was connected to a p channel transistor. This was connected te the ga

of a larger Nchannel MOSFET. The timer supplied a 1s pulse with a period of 2s. With
the appropriate current 1s was just enough to heat the resistor and cut the rope. The final
test of this important circuit failed prior to launch and thus it wasnotided. It is

thought that some resistors simply opened the circuit before they could adequately heat
up. The total resistance of the wires and the resistor in the circuit was measured at 2.3
Ohms. If the MOSFET was opened and a potential of 8V waseablere would be a

current of 3.48A would pass through the 1.80hm resistor, dissipating 11W.

If this circuit was included and worked properly the balloon would have been cut down
dangerously close to the St. Lawrence however it would have not beettecaip@lzing

off again the next day to travel further South (see flight path analysis).
1.80hm

Timer _"/Wj
M Ch transistor

[ ] Dual M Ch
+100m"% MOSFET 0,24
o O L
Gate Gate
J_
= +84

Figure 15- Cut down circuit planned for use.
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Figure 16- 555 timing circuit. The trigger would have been placed at the output of the N Ch
transistor and the output connected to the MOSFET gates.

Photos and Analysis

The camera used to capture images during flight was a Kodak EasyShare C643 6.1 Mega
Pixel digital camera. The images captured were used as a means of calculating an
approximation to the altitude obtaith by the balloon during flight. The relevant camera
specifications are given in Table 3

Table 3- Kodak EasyShare C643 digital camera specificationKjdak EasySharg.

CCD 1/2.5 in. CCD, 4:3 aspect ratio

Output image size 6.1 MP: 2848 x 2134 pixels

Lens Aperture: maximum f/2.7; minimum- /8.5
36 mm- 108 mm (35 mm equivalent)

Focus system 10 m (32.8 ftJinfinity @ Landscape

The camera was set to Landscape mode which focuses at 10m (hyperfocal distance) to
infinity. When the camera is focusetitle hyperfocal distance, all objects at distances
from half of the hyperfocal distance out to infinity will be acceptably sharp. The
hyperfocal distance can be calculated using the following formula:

f2
R @

Where H is the hyperfocal distanég,is the 35mm equivalent focal length in

millimeters, N is the-humber, and D is circle of confusion limit. The circle of confusion
used in 35mm photography is 0.03mm. Landscape mode is basically a large depth of
field mode. Depth of field is the amount of the image before and beyond the focus point
that will be in focus. Landscape is programmed to give the smallest aperture (largest f
stop) possible in order to ensure a ladgeth of field That is, the-humber used in
landscape mode by the camera was 8.5. Therefore, the 35mm equivalent focal length
was found to be 50.5mm.
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The 35mm equivalent focal length refers to the focal length 8ha8film camera

required to provide the same field of view (FOV) as the digital camera. Just to be clear,
35mm is not the focal length of the film camera but rather the overall width of the film as
shown in Figure 17.

T I - . T

|{— S6mm —:r-|

Figure 17 - Film dimensions [Panorama Factory].

Therefore, a schematic diagram for a 35mm film camera with a focal length of 72mm is
shown in Figure 18.

HF Oy = 287

|-'(— F2mm —}-|

Figure Error! No text of specified style in documel8.- Schematic diagram of a possible 35mm camera
focal length[Panorama Factory].

Now, since the aspect maff film cameras (3:2) differs from that of the digital camera
used (4:3) the 35mm equivalent focal length must be converted into a true focalflength,
based upon horizontal field of view. The relationship betwggsmfl f is given in

Equation 2.

f
fs =360 ©)

Wherew is the width of the chargeoupled device (CCD) array in millimeters. Digital

camera sensors (in this case a CCD) are ofte
imperial fractions such as 1/1.8" or 2/3" which Emger than the actual sensor diameters.

The type designation dates back to a set of standard sizes given to TV camera tubes in the
1950's. The size designation does not define the diagonal of the sensor area but rather the

outer diameter of the long glassvelope of the tube. The usable area of this imaging

plane was approximately two thirds of the designated size as shown in Figure 19.
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Figure 19- Sensor sizesgockaert].

The digital camera used was of tlihe type
5.760mm, and height 4.290mm. It was assumed that the imaging area was equal to 100%
of the sensor array. Therefore, it was found that the true focal length was 8.08mm. The
field of view of the digital camera in landscape mode can be calculated using:

FOV = 2arctarE%) 4)

It was found that the FOV was 38.2

Now, from the images captured by the digital camera it is possible to approximate
altitude that the balloon reached during flight. The images captured were taken with an
angle of depregsn which varied over the course of the flight and was difficult to
determine. Therefore, the image analysis will initially assume a completely downward
perspective and then apply a correction coefficient dependent upon the magnitude of
approximate anglef depression to give altitude measurements.

The real distance of the landscape width iam the actual size of the object js Xhe
FOV of the camera is 2d.
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A

Photograph view, b

Figure 20- The field of view of the camera at an altitude oh

The landscape width seen on the photogiaimd object size on the photograpivere
measured by counting pixels. The trigonometric relationship of the photograph dititude
and the measured photograph dimension and object size are shown by ebjptinds

(6).

X
— =tana (5)
% = tand
D cotd (6)
h =
2

A similar relationship is found for the actual object sizand actual altitude of the
cameréh, in equation 7).

% =tana 7
o (7)

The ratio of object size andtitude are identical for both the photograph and actual
dimensions from equatio®) and {)
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In substituting equatiorf] into equation§) the actual altitude of the camera is found to
be.

_ x.Dcoto

h,
2X

(9)

Therefore, the altitude can be found by knowing the cameras angle of\vodyect size

on photograplx, landscape distance on photogréphnd the actual size of the object
(using Google Earth). It would be possible to calculate the altitude at which each photo
was taken if terrain captured in the images were easily fidadi. This was a difficult

task since all the images were taken in remote parts of Ontario. However, at
approximately maximum flight altitude the balloon captures a recognizable land mass
Hill Island. Using the appropriate equation and measurenrems@oogle Earth it was
found that the altitude reached in this photograph shown in Fijusas approximately:

\

. ~ [o]
_ ©13kmRsaspixels Tot96°  ,, o

h
‘ 2@00pixels
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Figure 21 - Image captured near maximum altitude over Hill Island.

Now, the angle of depression must be consitleda illustration of the affect of an angle
of depression is shown in Figuz&.

Figure 22 - Schematic used to illustrate the affect of angle of depression.

Using Figure 5 it can simply be shown that:

(10)
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