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Presentation Outline

Presenter:  Graham

Section Presenter

Systems Overview Graham

Sensor Subsystem Design Erik

Descent Control Design Faraaz

Mechanical Subsystem Design Faraaz

Communication and Data Handling 

Subsystem Design

Erik/Alok

Electrical Power Subsystem 

Design

Alok

Flight Software Design Erik

Ground Control System Design Alok

CanSat Integration and Testing Graham

Requirements Compliance Graham

Management Graham
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Faraaz Ahmed
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Giuliana Velarde

4th Year

Alternate Team Lead

Leslie Taylor

4th Year

Mechanical Design

Spencer Cummins

4th Year

Mechanical Design

Alok Deshpande

3rd Year

Electrical Design

Maytham Sabbagh

4th Year

Electrical Design

Nick Svatos

3rd Year

Electrical Design

Steve Ulrich

Faculty Advisor
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Acronyms

Presenter:  Graham

Acronym Meaning

ABS Acrylonitrile Butadiene Styrene

ADC Analog to Digital Converter

API Application Programming Interface

CDH Communication and Data Handling

CONOPS Concept of Operations

COTS Commercial off-the-shelf

CSV Comma Separated Values

dBi Decibel Isotropic

DCS Descent Control Subsystem

EEPROM Electrically Erasable Programmable Read Only Memory

EPS Electrical Power Subsystem

FSW Flight Software

GCS Ground Control System

GPIO General Purpose Input/Output

GPS Global Positioning System

GS Ground Station

I2C Inter-Integrated Circuit

I2S Integrated Interchip Sound

ISR Interrupt Service Routine

LDO Low Drop Out Regulator

MCU Microcontroller Unit
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Acronyms

Presenter:  Graham

Acronym Meaning

MEC Mechanical System

MOSFET Metal Oxide Semiconductor Field Effect Transistor

N/A Not Applicable

PC Personal Computer

PCB Printed Circuit Board

PWM Pulse Width Modulation

RAM Random Access Memory

RTC Real Time Clock

SEN Sensors system

SMA SubMiniature version A connector

SPI Serial Peripheral Interface

SYS System

TQFP Thin Quad Flat Pack

UART Universal Asynchronous receiver/transmitter

USB Universal Serial Bus

VSWR Voltage Standing Wave Ratio
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System Overview

Graham
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Mission Summary

ÅMission:

ïTo launch a rocket deployed glider that will collect and 

transmit atmospheric data as well capture aerial images 

during descent

ÅMission Objectives:

ïDesign the glider to descend in a circular pattern with a 

radius of a maximum of 1 km

ïDetermine glider speed with both GPS and pitot tube

ïKeep the descent of the glider from 400 m as close to 2 

minutes as possible

Presenter:  Graham
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Mission Summary

ÅBonus Objective:

ïTransmit image to ground station

ÅChosen to simplify mechanical design and because electrical 

team has experience with images

ÅExternal Objectives:

ïPromote CanSat and engineering in general at Carleton 

and in Ottawa

ïObtain funding for project to cover travel of all team 

members

Presenter:  Graham



Summary of Changes Since PDR

ÅMechanical and descent control components have been 

resized

ÅSoftware development has been split up into container 

and glider software

ÅPacket contents have been made more flexible

ÅA debugging console has been added to the ground 

station
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System Requirement Summary
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ID Requirement Rationale Priority Parent(s) Children VM 

A I T D 

SYS-01 Total mass of CanSat shall be 500 g +/- 10 g Competition 

Requirements

High MEC-01
x

SYS-02 The glider shall be completely contained in the container Competition 

Requirements

High MEC-02
x x

SYS-03 Container shall fit in a cylindrical envelope of 125 mm 

diameter x 310 mm length

Competition 

Requirements

High MEC-03
x x

SYS-04 The container shall use a passive descent control system 

and not free fall

Competition 

Requirements

High DCS-01
x x

SYS-05 The CanSat shall deploy from the rocket payload section Competition 

Requirements

High MEC-04

MEC-08
x x x

SYS-06 The glider shall be released from the container at 400 m 

+/- 10 m

Competition 

Requirements

High FSW-01
x x

SYS-07 All mechanical components shall survive 30 Gs of shock 

and 15 Gs of acceleration

Competition 

Requirements

High MEC-10

MEC-11

DCS-03

DCS-04

x x

SYS-08 Glider shall collect  and transmit  air pressure, outside 

temperature, and battery voltage once per second

Competition 

Requirements

High SEN-01

CDH-01

CDH-02

FSW-03

x x x

SYS-09 XBEE radios shall be used for transmission Competition 

Requirements

Medium CDH-04

CDH-05

CDH-06

x

SYS-10 The glider shall descend in a circular pattern with a 

maximum diameter of 1000 m, without being remotely 

steered or having any active control surfaces.

Competition 

Requirements

High DCS-02

x x x

SYS-11 No pyrotechnics, chemicals, or lasers will be used Competition 

Requirements

Low MEC-14
x x

SYS-12 Cost of CanSat shall be less than $1000 Competition 

Requirements

Medium
x x

SYS-13 The glider shall have an imaging camera pointed at the 

ground with a minimum resolution of 640x480 pixels in 

colour

Competition 

Requirements

High SEN-04

x x

SYS-14 A ground station will be developed to show data in real 

time in engineering units

Competition 

Requirements

High GCS-02
x x



System Requirement Summary
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ID Requirement Rationale Priority Parent(s) Children VM 

A I T D 

SYS-15 Both the container and glider shall be labeled with team 

contact information including email address

Competition 

Requirements

Low
x

SYS-16 The flight software shall maintain a count of packets 

transmitted even through processor resets.

Mission 

Requirements

High
x

SYS-17 The glider must include an easily accessible power switch

which does not require removal from the container to 

access.

Mission 

Requirements

Medium

x

SYS-18 The glider must include a battery that is well secured to 

power the glider

Mission 

Requirements

High EPS-01
x x x

SYS-19 No lithium polymer cells. Mission 

Requirements

Medium
x x

SYS-20 The glider shall receive a command to capture an image 

of the ground and store the image on board for later 

retrieval

Mission 

Requirements

High FSW-04

x x

SYS-21 The telemetry shall indicate the time the last imaging 

command was received and the number of commands 

received

Mission 

Requirements

High

x x

SYS-22 The glider vehicle shall incorporate a pitot tube and 

measure the speed independent of GPS.

Mission 

Requirements

High MEC-16
x x

SYS-23 The glide duration shall be 2 minutes +/- 15 seconds Mission 

Requirements

High DCS-05
x x

SYS-24 The CanSat shall have a payload release override 

command to force the release of the payload in case 

autonomous release fails.

Mission 

Requirements

High

x x

SYS-25 A buzzer shall be included that turns on after landing to 

aid in location

Mission 

Requirements

Low
x

SYS-26 Glider shall be a fixed wing glider. No parachutes, no 

parasails, no auto-gyro, no propellers.

Mission 

Requirements

Low DCS-08
x
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System Concept of Operations

Pre-Launch Activities

ÅCanSat Crew

ïAssemble CanSat, conduct start up and power level 

check, initiate telemetry link

ÅGround Station Crew

ïSet up ground station

ÅMission Control Officer

ïCheck in with judges, request rocket

Presenter:  Graham
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System Concept of Operations

1. Launch Pad
2. Ascent Stage
3. CanSat Deployment
4. Container Parachute Deployment
5. Payload Release + Payload Wing 

Deployment
6. Touch Down + Data Recovery from 

EEPROM1

3

4

5

6

Presenter:  Graham
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System Concept of Operations

Post-Launch Activities

ÅRecovery Crew

ïRecover CanSat, have judges verify before touching

ïCheck-in with judges

ÅGround Station Crew

ïClear ground station area

ïProvide logged data to judges

Presenter:  Graham
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Physical Layout

Presenter:  Graham

Container with 

parachute

307.5 mm

120 mm

Science vehicle with 

folded wings inside 

container and folded 

parachute

Science vehicle with 

wings deployed

Science vehicle 

in folded wing 

configuration

269 mm

525 mm



CanSat 2016 CDR:  Team 6916 Raven Knights 16

Physical Layout

Presenter:  Graham

Wing

Wing rotation 

mechanism

Fuselage

Eye hook

Empennage

Horizontal Tail

Vertical Tail

525 mm

70 mm

44 mm
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Physical Layout

Presenter:  Graham

Fuselage cover

PCB stack

Neodymium magnets

Camera cutout
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Physical Layout

Presenter:  Graham

Wing

Carbon fiber spars

Neodymium magnets

Torsional spring

3D printed brackets
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Launch Vehicle Compatibility

Presenter:  Graham

120 mm

307.5 mm

ïThe science vehicle and its foldable wing 

mechanism fit inside the container as shown in 

the diagram

ÅThe wings fold between the outside of the science 

vehicle and the inside of the container

ÅThe container with the folded parachute is designed to 

have 5 mm diameter clearance and 2.5 mm vertical 

clearance in the rocket payload section

ÅRocket payload section compatibility will be verified by 

ensuring entire CanSat is smaller than given 

dimensions for rocket payload
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Sensor Subsystem Design

Erik



CanSat 2016 CDR:  Team 6916 Raven Knights 21

Sensor Subsystem Overview

Presenter:  Erik

I2C(0)

MCU
(MKL16Z64VLH4-

ND)

Camera (OV2640)

Internal Temperature 

and Pressure

(BMP180)

External Temperature 

and Pressure

(BMP180)

I2C(1)

SPI

GPS 

(FGPMMOPA6C)

UART

MCU
(MKL16Z64VLH4-

ND)

Payload

Container

External Temperature 

and Pressure 1

(BMP180)

External Temperature 

and Pressure 2

(BMP180)

[redundancy]

I2C(1)I2C(0)



Sensor Changes Since PDR

ÅNo changes were done to the sensors since the 

PDR

CanSat 2016 CDR:  Team 6916 Raven Knights 22Presenter:  Erik
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Sensor Subsystem Requirements

Presenter:  Erik

ID Requirement Rationale Priority Parent(s) Children VM 

A I T D 
SEN-01 During descent, the glider shall collect and transmit (at 

1 Hz) air pressure

(for altitude determination), temperature, speed (from 

GPS and pitot tube), and battery voltage.

Competition 

Requirement 

High SYS-08

x x

SEN-02 The container and payload shall maintain a mission 

time with 1 second or better resolution.

Competition 

Requirement 

Medium

x x

SEN-03 The container shall acknowledge the deployment of the 

payload

Optional 

Requirement

Low

x x

SEN-04 Camera resolution should be a minimum of 640x480 

pixels in colour.

Competition 

Requirement 

Medium SYS-13

x x
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GPS Sensor Summary

Presenter:  Erik

Selected Payload Sensor: MTK3339

Å Fast signal acquisition with 66 channels

Å Good built-in antenna with -165 dBm sensitivity

Å Low power usage relative to other comparable sensors (20 mA draw while 

tracking) 

Å Fast update rate of 10 Hz

Å Large user base for support

Å Position Accuracy: 3 meters

Å Velocity Accuracy: 0.1 meters/second

Example Data Format (From Datasheet):

$GPGGA,064951.000,2307.1256,N,12016.4438,E,1,8,0.95,39.9,M,17.8,M,,*65

Message ID, UTC Time, Latitude, N/S Indicator, Longitude, E/W Indicator, Position Fix Indicator, Satellite Used, 

HDOP, MSL Altitude, Units, Geoidal Separation, Units, Age of Diff. Corr., Checksum
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Air Pressure Sensor Summary

Presenter:  Erik

Selected Payload Sensor: Bosch BMP180 Container Sensor: same

Å I2C interface simplifies flight software design

Å Temperature sensor bundle allows for better system integration

Å Acceptable range, resolution and accuracy to take good samples

Å Resolution of 0.02 hPa

Å Accuracy of +/- 2 hPa

Å Range of 260 ï1260 hPa

Data processing:

Å Pressure calculations are done on the payload to determine the altitude

Å This altitude value is median filtered and used to make FSW decisions

Absolute Altitude:

where po = pressure (hPa) at sea level, p = measured pressure (hPa)
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Pitot Tube Summary

Presenter:  Erik

Selected Pitot Tube: Custom pitot tube design using the Bosch BMP180

Å Temperature sensor allows air density calculation (necessary for velocity calculation)

Å Acceptable range, resolution and accuracy to take good samples

Å Flight heritage with the BMP180 minimizes software risks

Data processing:

Å Total pressure measured from one BMP180, static pressure measured from other

Å Dynamic pressure calculated by subtracting static pressure from total pressure

Velocity:

v 
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Air Temperature Sensor Summary

Presenter:  Erik

Selected Payload Sensor: Bosch BMP180 Container Sensor: same

Å I2C interface simplifies flight software design

Å Pressure sensor bundle allows for better system integration

Å Acceptable range, resolution and accuracy to take good samples

Data processing:

Å The temperature calculations are done on the payload

Å This avoids sending calibration data to the ground station on power up
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Battery Voltage Sensor Summary

Presenter:  Erik

Selected Payload Sensor: MKL16Z MCU ADC pin Container Sensor: Same

Å No need for extra sensors

Å Easy to implement with a voltage divider circuit

Å High precision (16 bits resolution)

Å Reference voltage IC is used to improve accuracy
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Camera Summary

Presenter:  Erik

Selected Payload Sensor: Omnivision OV2640 

Å Small form factor

Å Smaller resolution, yet larger than the minimum

Å High frames per second

Å Easy to interface with a microcontroller

Å Maximum Resolution: 1600 x 1200 (colour)
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Descent Control Design

Faraaz
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Descent Control Overview

Outline
1. When the CanSat is released the parachute will 

open, slowing the descent.

2. At an altitude of 400 m, the payload is released 

from the container.

3. The glider wings, held in compression by torsional 

springs, will extend. The glider will begin radial 

descent.

ÅThe descent of the container is controlled with a parachute

ÅOnce the payload is released the glider begins descent in a 

radial pattern

>400 m

400 m

<400 m

Presenter:  Faraaz
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Descent Control Changes Since 

PDR

ÅChanges since the PDR:

ïScience vehicle resized

ïWing resized

ïWing rotation mechanism developed

ïContainer resized

ÅRationale:

ïAddition of parachute required sizing modifications for 

container and science vehicle

ïUpdated descent calculations changed wing size

ïRotation mechanism more robust and reduced weight

Presenter:  Faraaz



Descent Control Changes Since 

PDR

ÅPrototype testing

ïWing rotation mechanism 3D printed

ÅTested fit with magnets, carbon fiber rod and torsional springs

ïFoam lifting surfaces and fuselage created
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Wing rotation mechanism prototype

Presenter:  Faraaz
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Descent Control Requirements

Presenter:  Faraaz

ID Requirement Rationale Priority Parent Children VM

A I T D

DCS-01 The container shall use a passive descent 

control system. It cannot free fall. A parachute is 

allowed and highly recommended. Include a spill 

hole to reduce swaying.

Mission requirement High SYS-04

x x

DCS-02 The glider shall not be remotely steered or 

autonomously steered. It must be fixed to glide 

in a preset circular pattern of no greater than 

1000 meter diameter. No active control surfaces 

are allowed.

Mission requirement High SYS-10

x

DCS-03 All descent control device attachments shall 

survive 30 Gs of shock.

Hardware requirement High SYS-03
x x

DCS-04 All descent control devices shall survive 30 Gs

of shock.

Hardware requirement High SYS-04
x x

DCS-05 The glide duration will be as close to 2 minutes 

as possible.

Mission requirement High SYS-23
x x

DCS-06 The glider shall be a fixed wing glider. No 

parachutes, no parasails, no autogyro, no 

propellers.

Mission requirement High SYS-26

x
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Container Descent Control 

Hardware Summary

Preflight Review Testability:

The CanSat will be drop tested according to the guidelines set in the CanSat 2016 Environmental Testing 

Requirements document to ensure it is fully functional and conforms to the size and mass restrictions for the 

preflight review.

Key Design Considerations:

The sway hole in the purchased parachute will reduce the sway of the container while the small diameter will 

limit the containerôs drift during descent.  Nylon ribbing reinforcement and double stitching on the attachment 

point of the shroud lines will prevent separation due to shock.  In addition, the barrel swivel will prevent 

twisting of the container during descent. 

Descent Control 

Component
Material Colour Selection

Component 

Sizing

Shock Force 

Survivability

Parachute

1.1 oz rip stop nylon with 8 

gores and a reinforced spill 

hole

Red and white 15ò diameterParachute is designed 

for high power rockets 

and should therefore 

survive the shock

Cords

330 lb braided nylon shroud 

lines connected to 3/8ò 

tubular nylon bridle and 

protected by heat shrink 

tubing

Colour will not 

affect visibility due 

to small diameter 

cords

17ò length shroud 

lines, nylon bridle 

and barrel swivel 

sized by 

manufacturer

Shroud lines, bridle, 

and barrel swivel are 

part of parachute, also 

designed for high 

power rockets

Attachment

Nylon parachute cord looped 

through eye of the barrel 

swivel and holes in the top 

of the container

Colour is 

unimportant due to 

location inside 

container

1/8ò diameter nylon 

parachute cord

Nylon cord has high 

tensile strength 

sufficient for shock 

forces

Presenter:  Faraaz
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Payload Descent Control Hardware 

Summary

Preflight Review Testability:

The science vehicle will be drop tested according to the guidelines set in the CanSat 2016 Environmental Testing Requirements 

document to ensure it is fully functional.

Active Components:

The release mechanism is activated through data collected from the Bosch BMP180 altitude sensor, which has an accuracy of +/- 3 hPa.  

The data is sent to the ground station in a 16 bit integer format where pressure values are sampled and altitude conversion is completed 

by the flight software.  The calibration is done with pressure data and base altitude of the Launchpad.  Once the container reaches an 

altitude of 400m, a current is sent through the nichrome wire, burning through the fishing line and releasing the science vehicle.

Descent Control 

Component
Material Colour Selection Component Sizing Design Considerations

Wings
Polystyrene foam, 

carbon fiber spars
Pink foam for high visibility

525 mm wingspan limited by 

container size,

70 mm chord,

Two 2 mm diameter x 210 mm 

length spars per wing

S3021 airfoil and no sweep for 

ease of construction, carbon fiber 

spars add durability/rigidity

Empennage

Carbon fiber rod, 

polystyrene foam for tail 

surfaces

Pink foam for high visibility

5 mm diameter x 187 mm 

length carbon fiber rod,

80x44 mm horizontal tail

44x42 mm vertical tail

Vertical tail kept short to maintain 

clearance with container, 

horizontal tail incidence angle will

be tuned to achieve desired AOA

Rotation 

Mechanism

ABS plastic, carbon fiber 

rod, 302 stainless steel 

torsional spring, 

neodymium magnets

White ABS plastic for 

brackets to keep costs 

down, components are 

small and should not 

affect visibility

Four 3/8òx1/10ò magnets with 

5 lb magnetic force per wing, 

brackets limited to 50 mm in 

length to maintain 2 mm 

clearance with container

Brackets 3D printed with 1 mm 

clearance to allow foam wing to 

be fitted in, bracket size 

minimized to reduce weight

Release 

Mechanism

Nickel-chromium wire 

and fishing line

Colour unimportant due to 

placement inside 

container, visibility not 

affected

40 lb fishing line selected

Fishing line must be strong 

enough to withstand shock of 

deployment

Presenter:  Faraaz
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Descent Rate Estimates

Container with Science Vehicle:

ὺ
ςάὫ

”ὃὅ

Descent rates calculated using terminal velocity equation

g = 9.81 m/s2

”= 1.205 kg/m3

Å Drag coefficient of dome parachute 

is 1.5

Å Area of 0.0729 m2

Å Mass of 500 g (Container + glider)

Å Predicted descent rate: 8.62 m/s

Assuming friction drag is negligible compared to pressure drag

Container without Science Vehicle:

Å Drag coefficient of dome parachute 

is 1.5

Å Area of 0.0729 m2

Å Mass of 300 g (Container)

Å Predicted descent rate: 6.68 m/s

Container Descent Rate
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