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m Acronyms

Y & LR

Analysis Light Emitting Diode
Can-sized Satellite MOSFET Metal—Oxllzdﬁeeite_lr_rr\:r?srilgttéftor Field-
Communication Design and Handling
CONOPS Concept of Operations LB Printed Circuit Board
Competition Requirement Radio Controlled
Decent Control System Rocket Payload Section
Electric Power System Real Time Clock
Flight Software SubMiniature Version A
G-force Serial Peripheral Interface
Ground Control Station Testing
- Hardware Universal Asynchronous
: Receiver/Transmitter
— Inspection
N Universal
12C Inter-Integrated Circuit Synchronous/Asynchronous
1/O Input/Output Receiver/Transmitter
“ Identity Universal Serial Bus
IDE Integrated Development Environment Verification Method
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ANNUAL EANSAT COMPETITION

Mission:

A sensor payload which is a glider released from 400m height shall sample
atmospheric properties, wind velocity, heading angle and shall send sample
data to ground station via transmitter module.

Main Objectives:

Container descends with glider inside till 400m height.

At 400m glider is released from container.

The glider shall glide for 120 seconds maintaining a circular pattern not
greater than 1000m.

Glider sampling data are as follows:

Air pressure, altitude, temperature, speed, solar voltage and heading angle.
Telemetry transmission rate is 1Hz.

Bonus task which include ground imaging is to be done with ground
command sent via ground station computer.

Stoppage of data transmission and initiation of audio beacon after landing.
Recovery of glider and container.

oo  ToTo Do Io Do D>
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Bonus Objective:

A color camera with a minimum resolution of 640x480 pixels is selected to take images
of the ground as often as possible as indicated in the bonus objective section. Number
of pictures taken must be kept and included in the telemetry. Images do not get
transmitted and must be stored in the glider. The camera must be powered by the
same solar source as the glider electronics. A separate battery is not allowed. Any
collected images must be transferred to the thumb drive provided by the competition.

A Bonus objective set up does not require any major necessities in glider design.

A SD card with larger capacity for image storing is required.

A Organization-wise Objectives:

AFundingf or p rhargware and lsgistic needs.

A Funding for flight tickets which covers round trip from Istanbul, Turkey to Texas,USA.

A Promoting APIS R&D with CanSat Competition and scientific developments
achieved. The aim is to gain reputation in our home university and in Turkey.

A Organizing social activities which includes BBQ parties, musical activities, studio
recording to improve relationship between team members.
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External Objectives:
A Airfoil shape SD-7037 is used whilst designing wing.

A Due to inexistence of GPS, inertial navigation system is used to determine estimated
real time location of the glider using heading angle and wind speed.

A Atmospheric humidity is measured with software based development with no need to
external component.
A To prevent noise data connection cable is covered with aluminum foil.

A 3-D estimated location plotting of the glider is planned using MatLAB.
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MECHANICAL

Shape of Tall V-tail has changed with H-tail. To gain stability and lift.

Dimensions of Sizes of Glider Stowing the glider into container and

Glider unfolding it easily.

Folding Double hinge with latex has changed Application of tension is easier.

Mechanism with Radio Antenna with springs.

Type of Airfoll Airfoil type has changed Increasing the lift/drag ratio and making
more stable flight.

Material of the ABS material was changed with To increase material strength

Fuselage Plywood.

Presenter: Ataberk Arman Kayhan
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AELECTRONIC

PCB Size of PCB To maximize the useful area inside the
fuselage.
Solar Panels Old panels are changed with To decrease total weight.
polycrystalline panels.
Resistors 100hms resistance in series with ultra  Less current provided for charging of
capacitor is replaced with 120hms capacitor to have enough current and
higher margin for system.
Image Format RAW format has changed with JPEG. New format consumes less space.

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 10
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Total mass of the CanSat (container and glider) shall

SY-1 be 500 grams +/- 10 grams. CReq Very High n
SY-2 The glider shall be completely contained in the Very High
container. CReq n n

Container shall fit in a cylindrical envelope of 125 mm
SY-3 diameter x 310 mm length, including tolerances. CReq Very High n

135

The container shall use a passive descent control

SY-4 system. CReq Very High n n
SY-5 The container shall not have any sharp edges. CReq High nn
SY-6 The container shall be a florescent color, pink or CR High
orange. €a n
The rocket airframe shall not be used to restrain any
SY-7 deployable parts of the CanSat. CReq High n
SY-8 The rocket airframe shall not be used as part of the CReq High n
CanSat operations.
SY-9 The container and glider shall deploy from the rocket CReq Very High
payload section. n-n

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 11
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SY-10 The glider must be released from the container at
400 meters +/- 10 m. CReq FSW-1 Very High n

The glider shall not be remotely steered or

SY-11 autonomously steered. It must be fixed to glide in a CReq ESW-2 Very High ol
preset circular pattern of no greater than 1000 meter
diameter. No active control surfaces are allowed.
All descent control device attachment components

SY-12 shall survive 30 Gs of shock. CReq VeryHigh n n
All descent control devices shall survive 30 Gs of

SY-13 shock. CReq Very High n n
All electronic components shall be enclosed and

SY-14 shielded from the environment with the exception of CReq High n n
Sensors.

SY-15 All structures shall be built to survive 15 Gs CReq VeryHigh n n
acceleration.

SY-16 All structures shall be built to survive 30 Gs of shock. CReq Very High n n

SY-17 Mechanisms shall not use pyrotechnics or chemicals High

CReq

15
5
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All electronics shall be hard mounted using proper
SY-18 mounts such as standoffs, screws, or high CReq Very High n
performance adhesives.

All mechanisms shall be capable of maintaining their

SY-19 configuration or states under all forces. CReq

High n n

Mechanisms that use heat (e.g., ni-chrome wire) shall
SY-20 not be exposed to the outside environment to reduce CReq Very High n
potential risk of setting vegetation on fire.

135

During descent, the glider shall collect air pressure,

SY-21 outside air temperature, compass direction, air speed
and solar power voltage once per second and time
tag the data with mission time.

CReq S weglgn

Very High

SY-22 XBEE radios shall be used for telemetry CReq CDH-3 0

transmission.

15

Telemetry shall include mission time with one second
or better resolution, which begins when the container
SY-23 and glider is powered on. Mission time shall be CReq CDH-2 VeryHigh n n
maintained in the event of a processor reset during
the launch and mission.

SY-24 No lasers allowed. CReq Very High n

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 13
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. . . X . . VAV, I
I T I e T T

SY-25 The glider electronics must be all solar powered
except for the time keeping device may use a coin CReq EPS-3 Very High n n
cell battery.

Sl _
m System Requirement Summary

SY-26 No batteries are allowed. Super capacitors are
allowed and must be fully discharged at launch. CReq EPS-3 VeryHigh 0 n

Cost of the CanSat shall be under $1000. Ground
SY-27 support and analysis tools are not included in the CReq VeryHigh n n
cost.

SY-28 Each team shall develop their own ground station. CReq GCS-1 High " h
All telemetry shall be displayed in engineering units CRe

SY-29 (meters, meters/sec, Celsius, etc.) with real time. q GCS-2 Very High nn n
The ground station shall include one laptop with and GCS-5

SY-30 must be portable. CReq GCS-6 High n n

The glider must include an easily accessible power
SY-31  switch which does not require removal from the Creq EPS-1 Very High n
container for access.

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 14
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VM
ENEE
The container shall contain electronics and

SY-32 mechanisms to release the glider at the required CReq VeryHigh n n
altitude.

\E%
m System Requirement Summary

The container electronics shall be powered by only

SY-33 alkaline batteries. CReq

EPS-2 Very High

o}
5

The glide duration shall be as close to 2 minutes as
SY-34 possible. CReq Very High

[}
=)

The CanSat container shall have a payload release
SY-35 override command to force the release of the CReq FSW-4 Very High e
payload in case the autonomous release fails.

Glider shall be a fixed wing glider. No parachutes, no

SY-36 parasails, no parafoils, no auto-gyro, no propellers. CReq
Hang glider design where the electronics section has
a hard attachment point is allowed.

The container telemetry shall be transmitted once CReq CDH-11
SY-37 per second. CDH-12 Very High n n
CDH-13

An audio beacon for the glider and container shall be
SY-38 included CReq Very High

15
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i S- ¢
. 6a. Empty container collecting and tran
continues descengdingd desired data.

with parachute.

o - __l - . - \
P ... s
7b. The glider lands,
.1 Rocket takes Off. 7a. The container lands. Stops transmission, -
S e e A X . : initiates beacon and is g™
ready for recovery.

—_— =R o
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A Team briefing.

A Electronic and
mechanical
integrity checks

A Competition area
arrival.

A GCS set up

A Double check for
final Cansat
integrity
configuration.

A Cansat locating
into rocket
payload.

A Launch, and
events of
CONOPS
(previous slide).

A Telemetry data
obtaining and .csv
file creation via
GCS software.
(Steps 4, 5, 6b in
previous slide)

A Recovery of glider
and container with
indicators
florescent color
and activated
audio beacon

A Returning to GCS.

A Analysis of
sampled data.

A Preparation of
PFR.

APFR to jury.

Presenter: Ataberk Arman Kayhan
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NSAT COMPETITION

ASetting up antenna and GCS.
AChecking whether CanSat has any damage on any part.

AAssembly of CanSat. Check total mass, does it close 500gr ? )

AMaking sure that the glider will indeed be separable from the
container. (Testing separation mechanism)

ATesting CanSat electronic subsystems; sensors, wire connections,

\/ buzzer, communication check, etc. -

A Power on Container. =
) Mission Control:
A Placement to rocket payload section. Arman

ool A Confirm telemetry receipt. b

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 18
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¥ ANNUAL BANSAT COMPETITION

Responsibilities

~

ARocket takes off. Grand Station

Aat apogee, container frees itself with helping parachute and starts to decent Control:
Ibrahim

with payload until 400m.

7

AAt 400m, the container-glider separation mechanism is activated automatically and glider is freed.

Awnhile maintaining circular motion, the glider produces electric with solar panel; moreover,
collects: air pressure, temperature, altitude, heading angle, solar voltages, speed, gyroscope

Airborne and photograph in 120 seconds.

AThese data are transmitted to GCS at the rate of 1Hz.

J

(" Container:
AThe container lands with parachute. Oguzhan,
AThe glider finishes gliding, stops telemetry and initiates audio beacon. . |
SEI0YETRY ARecovery crews start looking for both devices to retrieve them and their data. ( Payload:
Burak, Mert
_
S
AAnalyzing the data retrieved from decent control devices. Data Analysis: PER:

ADelivering requested data to jury.

AGetting ready for PFR Arman, Ibrahim Arman, Ibrahim

/
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Payload Physical Layout

NSAT COMPETITION

GLIDER

Tail fold section H talil

[ > Deployed Configuration

Latex Hinges

Springs and
corbonfiber rods

Folded Configquration < ]

Camera
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Payload Physical Layout

NSAT COMPETITION

GLIDER

Carbon Fiber 200 mm
Rods

Tail:260 mm length

_____________________________________ \ | % 5 Outer frame is made transparent
1 58 . . . .

' ‘ X in this section to point out
electrical components.

~————-2 BR - 3 /.- I ______

100mm ~ 65 mm Width
(Stabilizer) | -
Sensor
\ subsytem and
"""" Xbee
50 mm | !
(Stabilizer) : ;
3-D dimensions \
A Tail height :10mm 100mm chord
A Fuselage height :50mm
21
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Container Physical Layout

NSAT COMPETITION

Container

Servo motor to rotate the Xbee

separation hook. This surface [that separates the

- electrical components of the
container and th
personal space] is 2.5mm thick.

Parachute will
have 8.5mm
height to fit in.

Inner cylinder surface
has a diameter of
123mm while outer

Separation hook

has 125mm, giving a Sunroof
container thickness (Radius 15 mm)
of 2mm.
Buzzer Pro Micro 32u4

(Audio beacon)

Double AA-battery

Pressure Sensor-

Bosch Bmp180 Other measures:
A Container total height: 305mm

A Container width (diameter): 125mm

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 22



Container Physical Layout

NSAT COMPETITION

Glider Inside Container

Xbee

Electronic

Parachute {
floor

Servo motor

Separation hook
Latex is used in

folding mechanism
AA Batteries

Container
Glider
Capacitor
Stabilizer
Pitot tube ——
Tail
PCB
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JOonin, Launch Vehicle Compatibility

x Rocket Payload Section Dimensions (CReq):
Height : 305mm
Diameter : 120mm

To o

CanSat Overall Dimensions:
Folded Height : 260mm
Unfolded Height: 520mm
Diameter : 112mm

To Do Do X

A The glider inside container configuration is shown in figure 1. As the
rocket nose cone is directed to apogee the container position is to be
in a way that glider nose is directed to ground.

A Before the launch glider inside container configuration is to be tested
with quadcopter.

Fig.1

A Margins and secure fitting conditions are explained in following slide.

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 24



Launch Vehicle Compatibility

CANSAT COMPETITION

40mm descent electronic 60m folded

and parachute gap height

A A

y
120mm "
container
diameter 112mm
diameter of
v glider
v < >
) \ 260mm glider
305mm container height height
Margins

A Horizontal(x-axis):5mm | Margins ensures that payload will easily fit into container
A Vertical (y-axis) :13mm and do not stuck in container as it deploys.

Presenter: Ataberk Arman Kayhan CanSat 2017 CDR: Team #5235 APIS AR-GE 25
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Sensor Subsystem Design
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ANNUAL EANSAT COMPETITION

)

Sensor Type

Model

Purpose

CanSat Use

Air Pressure BMP180 Air Pressure Container & Glider
Air Temperature BMP180 Air Temperature Container & Glider
Altitude BMP180 Non-GPS Altitude Container & Glider
Measurement
Magnetometer Bosch BNO 055 Location Heading Glider
Pitot Tube HK Pilot Analog NEHEIES Sfpisist Glider
Measurement
Camera Eachine 2503 Photographing Ground Glider
Battery Voltage Ardl\tjllir:rJOPro Power Source Voltage Container
Solar Power Voltage | Atmega 32u4 SOIEN (POIET SEUEE Glider

Voltage

Presenter:Burak Berkay Kaya
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NSAT COMPETITION

sl . X *
Sensor Changes Since PDR Wi

A No changes were made after the Preliminary Design
Review.

Presenter:Burak Berkay Kaya CanSat 2017 CDR: Team #5235 APIS AR-GE 28
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m Sensor Subsystem Requirements

ANNUAL EANSAT COMPETITION

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

Presenter:Burak Berkay Kaya

During descent, the glider shall collect air
pressure, outside air temperature, compass
direction, air speed and solar power voltage
once per second and time tag the data with

mission time.

The glider shall have an imaging camera.

The resolution of the camera shall be a
minimum of 640x480 pixels in color.

Number of pictures must be kept in the
telemetry. Images must be stored on the
glider and transferred to the thumb drive. Also
camera must be powered by same solar
source with glider.

The ranges of the sensors shall satisfy the
minimum and maximum values during the
mission.

Sensors must be calibrated.

CReq

CReq

CReq

Bonus
Objective

Health
Measuring

Health
Measuring

CanSat 2017 CDR: Team #5235 APIS AR-GE

EPS-05

Very High

High

High

High

High

High

Priority
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Magnetometer Sensor Summary

ANNUAL BANSAT COMPETITION

Final Magnetometer selection is: Bosch BNO 055

The main reasons why we choose this sensors are:

Characteristics BNO 055 A

Bosch

It uses 12C port and it is easy to communicate with more
than one sensor through 12C port.

Interface Type UART, I12C
: : A It has a high accuracy and gives us correct data without
Nominal Operating 2 4Vi 3.6V affected temperature change at our long-time tests. (Test
Voltage results are given below.)
Peak Current 400 Ae
Sensor Offset Calculation
Frequency 20-100 Hz

= ~ writed (MAG OFFSET ¥ LSB RDDR, calibDatal[ 2]);
. NL300GIy- (| X | ;itcs(MAG OFFSET X MSB ADDR, calibDatal[l2]):
Magnetic FieldRange | axis); N2 5 00 OT  ( ,,ites(Mac OFFSET ¥ LSB ADDR, calibDatall4]1);
axis) writeB (MAG OFFSET Y MSB ADDR, calibDatal51);
write8 (MAG CFFSET Z LSB ADDR, calibDatal[l¢l);
write8 (MAG OFFSET Z MSB ADDR, calibDatall71);

X: 284.7500 ¥: -1.5625 Z: 178.4375
X 284.7500 ¥: -1.5625 Z: 178.4375 _
X: 284.8750 ¥: -1.5000 Z: 178.4375 switch(vector_type)
X: 285.2500 ¥: -1.5625 Z: 178.4375 t VECTOR MAGNETOMETER
. ame oA . - L ccm aan case ] :
X 285.8125 ¥: -1.4375 Z: 178.4375 Sample Data . /% 1uT — 16 LSB */
X: 286.5000 ¥: -1.3125 Z: 178.4375 *All les in uT WO @ kyz[0] = ((double)x)/
X: 286.5000 ¥: -1.3125 Z: 172.5000 Samplies in u ® 55 Y .
. . . unit Q xyz[1] = ((double)y)/
X: 286.5000 ¥: -1.3125 Z: 178.5000 N
- xyz[2] = ((double)z)/
X 286.5000 ¥: -1.3125 Z: 178.5000
break;
X: 286.5000 ¥: -1.3125 Z: 178.5000
X: 286.5000 ¥: -1.3125 Z: 172.5000

Presenter:Burak Berkay Kaya CanSat 2017 CDR: Team #5235 APIS AR-GE 30



e Payload Air Pressure Sensor
Summary

ANNUAL EANSAT COMPETITION

Our final payload Air Pressure sensor selection is: Bosch BMP 180

Characteristics

Bosch A Bosch BMP 180 is selected since it is capable
BMP 180 to provide not only air pressure but also
altitude.

A 1tis tested by using Arduino. Results are given
Interface Type 12C :
below. Also to make the data more accurate it
Nominal 5 will be calibrated by using following formula:
Operating :
3.6V
V0|tage Preggure = 100070.88 Pa calculate Fue pressure
Pressure = 100072.39 Fa B6 = 05 -4000 o
Accuracy -4.0hPa - Bressure = 100072.39 Pa g:ﬁz'}gi:s_‘?"?" hie
+2.0hpa Pressure = 100071.23 Pa X = 1 442
Fressure = 100065.86 PFa B3 = {{(AC1"4443) =< 055) + 2}/ 4
30 - 110 Pregssure = 1000&89.04 Pa ¥ = AT BE 20
Range Pressure = 100062.88 Pa X2 = (B1 * (B6 * BE /2%))/ 27
kPa Pressure = 100069.03 Pa X3 = ({14 X2)+2)/ 2
Pressure = 100070.37 Pa Eld=.ﬂu34'n:m1~_-'.|t__]r:*ndlur|§_]’:f_}<3+32?58]-‘2':
Pressure = 100068.87 Pa IF:?;:i_”;:g;g’;l;gnu?T;p;l.g?,g??gfg >>0s8)
Preasure = 100071.3% Fa etse (p= (B7 /B4)" 2}
Pressure = 100069.72 Pa ¥1=(p/2t)" (prat)
X1 = (%1 " 3038) /2%
X2 = (-7357 * p)/r2"
p=p+(¥1+ X2+ 3791y 2

Presenter:Burak Berkay Kaya

CanSat 2017 CDR: Team #5235 APIS AR-GE 31



e Container Air Pressure Sensor
Summary

ANNUAL EANSAT COMPETITION

Our final container Air Pressure sensor selection is: Bosch BMP 180

Characteristics

Bosch A Bosch BMP 180 is selected since it is capable
BMP 180 to provide not only air pressure but also
altitude.

A 1tis tested by using Arduino. Results are given
Interface Type 12C :
below. Also to make the data more accurate it
Nominal 5 will be calibrated by using following formula:
Operating :
3.6V
V0|tage Preggure = 100070.88 Pa calculate Fue pressure
Pressure = 100072.39 Fa B6 = 05 -4000 o
Accuracy -4.0hPa - Bressure = 100072.39 Pa g:ﬁz'}gi:s_‘?"?" hie
+2.0hpa Pressure = 100071.23 Pa X = 1 442
Fressure = 100065.86 PFa B3 = {{(AC1"4443) =< 055) + 2}/ 4
30 - 110 Pregssure = 1000&89.04 Pa ¥ = AT BE 20
Range Pressure = 100062.88 Pa X2 = (B1 * (B6 * BE /2%))/ 27
kPa Pressure = 100069.03 Pa X3 = ({14 X2)+2)/ 2
Pressure = 100070.37 Pa Eld=.ﬂu34'n:m1~_-'.|t__]r:*ndlur|§_]’:f_}<3+32?58]-‘2':
Pressure = 100068.87 Pa IF:?;:i_”;:g;g’;l;gnu?T;p;l.g?,g??gfg >>0s8)
Preasure = 100071.3% Fa etse (p= (B7 /B4)" 2}
Pressure = 100069.72 Pa ¥1=(p/2t)" (prat)
X1 = (%1 " 3038) /2%
X2 = (-7357 * p)/r2"
p=p+(¥1+ X2+ 3791y 2

Presenter:Burak Berkay Kaya
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ANNUAL EANSAT COMPETITION

Characteristics Al IS
Analog
Interface Type Analog
Nomln_al 475V i
Operating
5.25V
Voltage
Accuracy N2 kPa

We use the HK Pilot Analog pitot tube in order to
use no more 12C sensor.

Firstly we measure the air pressure and then by

using the Bernoulli equation we get this formula
to calculate the airspeed:

2(Py—Fg)
p

IV =

Presenter:Burak Berkay Kaya
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- Payload Air Temperature Sensor
; &{a@ Summary

ANNUAL BANSAT COMPETITION

Our final air temperature sensor selection is: Bosch BMP180

" Bosch
Characteristics BMP180
Interface Type Analog
Nominal Operating 1.8Vi
Voltage 3.6V
Accuracy +-2/C
Current 650-cA
Range -40 to
g +85/C
Price 10%

The main reasons why we choose this sensor are:

A Easy to code

AIt has low current, appropriate range, resolution and
accuracy for healthy measurement

Alt can also measure pressure and altitude
A12C is faster and more reliable than analog

Temperature: 21.90deg C
Pressure: 101448 Pa
Ralated Atmosphere: 1.0012
Altitude: -10.24 m

Temperature: 21.90deg C
Pressure: 101457 Pa
Ralated Atmosphere: 1.0013
Altitude: -10.99 m

calculate true temperature

X1=(UT-AC6)*AC5 /2"
X2=MC* 2" /(X1 + MD)
B5=X1+X2
T=B5+8)/2*

Presenter:Burak Berkay Kaya
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S-  Container Air Temperature Sensor
Eﬁ% Summary

ANNUAL BANSAT COMPETITION

Our final air temperature sensor selection is: Bosch BMP180

" Bosch
Characteristics BMP180
Interface Type Analog
Nominal Operating 1.8Vi
Voltage 3.6V
Accuracy +-2/C
Current 650-cA
Range -40 to
g +85/C
Price 10%

The main reasons why we choose this sensor are:

A Easy to code

AIt has low current, appropriate range, resolution and
accuracy for healthy measurement

Alt can also measure pressure and altitude
A12C is faster and more reliable than analog

Temperature: 21.90deg C
Pressure: 101448 Pa
Ralated Atmosphere: 1.0012
Altitude: -10.24 m

Temperature: 21.90deg C
Pressure: 101457 Pa
Ralated Atmosphere: 1.0013
Altitude: -10.99 m

calculate true temperature

X1=(UT-AC6)*AC5 /2"
X2=MC* 2" /(X1 + MD)
B5=X1+X2
T=B5+8)/2*
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Our final voltage sensor selectionis: At me analsg pins

-~ Atmel The main reasons why we choose this
Characteristics
Analog Sensor are:
Interface Type Analog AAccording to calculations, Atmel can
measure between 0-5V at 1M q
Nomln\f/;l(ljlgpiratmg OVi BV reS|stance.. |
d AMore sensitive and cost-free.
TG () 401 AReduce the load on 12C
Price Free
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