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System Diagram  
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Acronyms (1/2)

Acronym Definition

ADC Analog to Digital Converter

CONOP Concept of Operations

CCW CounterClockWise

CW ClockWise

CDR Critical Design Review

EE
(Group of) Electronics and 

Electricals 

EEPROM

Electrically-Erasable 

Programmable Read-Only 

Memory

EQM
Engineering Qualification 

Model

FSW Flight Software

F&G (Group of) FSW and GCS

Acronym Definition

FRR Flight Readiness Review

GCS Ground Control Station

GNSS
Global Navigation Satellite 

System

GPOC
Ground Pointing and 

Orientation Camera

GUI Graphic User Interface

hh Hours

HW Hardware

H/L High or Low 

I²C Inter-Integrated Circuit

IMU Inertial measurement unit

LCO Launch Control Officer

MCU Microcontroller Unit

ME (Group of) Mechanicals
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Acronyms (2/2)

Acronym Definition

MET Mission Elapse Time

MOM Mission Operations Manual

mn Minutes

P&T Pressure and Temperature

PCB Printed circuit board

PFB Pre Flight Briefing

PFR Post Flight Review

PL Payload

PLA Polylactic Acid

PETG
Polyethylene Terephthalate 

Glycol

PWM Pulse Width Modulation

Acronym Definition

RAM Random-access memory

RPM Revolutions Per Minute

RSO Range Safety Officer

RTC Real-Time Clock

RF Radio Frequency

RQMT Requirement

ss seconds

TBD To Be Determined

TBR To Be Resolved

UART
Universal Asynchronous 

Receiver/Transmitter
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Systems Overview

Chan-Hao Tao
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Mission Summary

Presenter: Chan-Hao Tao

Main Objective

Design a CanSat that consists of a payload and a container that mounts on top of the rocket. The 

payload rests inside the container at launch and includes the nose cone as part of the payload.

The CanSat deploys from the rocket when the rocket reaches the peak altitude, and the rocket 

motor forces a separation. The CanSat shall descend at a rate of no more than 20 meters/second 

by a parachute.

At 75% peak altitude, the payload shall separate from the container and use an auto-gyro descent 

control system until landing. The descent rate shall be 5 meters/second.

A video camera shall show the separation of the payload from the container and the auto-gyro 

functioning. A second video camera shall be pointing downward at 45 degrees from the nadir and 

oriented north during descent and be spin stabilized so that the view of the earth is not rotating.

The CanSat shall collect sensor data during ascent and descent and transmit the data to a ground 

station at a 1 Hz rate. The sensor data shall include interior temperature, battery voltage, altitude, 

auto-gyro rotation rate, acceleration, rate, magnetic field, and GPS position.

CanSat 2025 CDR:  Team#3168 Gemini Supernova  



Summary of Changes Since PDR (1/3)
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Subsystem Component PDR CDR Rationale

ME

Nose Cone

Length is 

168.4mm

(L/D = 1.2)

Length is 115.5mm

(L/D = 0.8)
Å To reduce mass

GPOC

3-axis GPOC

1 SER0053 

& 2 MS08MAII

2-axis GPOC

1 SER0053 

& 1 MS08MAII

Å Reduce mass 

Å Simplify the control 

system

Parachute
Dome-shape

Parachute

Hexagonal-shape

Parachute

Å To distribute stress 

more evenly

Å Easy to process

Auto-gyro

ABS blades

8mm main shaft

NSK 608ZZ

CCW hub

Carbon fiber

blades

6mm main shaft

NSK 696ZZ

CW hub

Å Lighter weight

Å In accordance with 

the aerodynamics of 

the blade. 
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Summary of Changes Since PDR (2/3)

10Presenter: Chan-Hao Tao

Subsystem Component PDR CDR Rationale

GCS
Ground Station 

Antenna
OA-8996M08-NF OLT-G1-915-05

To fit luggage size for 

transportation

Sensor

Payload Tilt

Sensor 
ICM-20948 MPU9250 Å Heritage 

Å Better stability

Å ICM failed frequently 

during test
GPOC 

Orientation

Sensor 

ICM-20948 MPU9250

Payload GNSS

Sensor
LS2003E-G LS20031

Å Heritage

Å 0.1ò pitch, easier for 

soldering
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Summary of Changes Since PDR (3/3)

11Presenter: Chan-Hao Tao

Subsystem Component PDR CDR Rationale

FSW

Software 

State 

diagram

Frist setup

system state 

and then read 

the recover

data file.

Frist read the 

recover data 

file and then 

setup system 

state.

To correct a flow logic.

GPOC State 

Diagram

Without PID

control

Include PID

control

Using PID control 

improves the 

operation and 

adjustment.

Pressure 

sampling

frequency

100 Hz 20 Hz To reduce MCU load.

Save data 

frequency
4 Hz 5 Hz

To synchronize data 

rate with all sensorsô 

sampling frequencies.
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System Requirement Summary (1/9)
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No. Requirement Priority Subsystem A I T D

1.
The CanSat payload shall function as a nose cone 

during the rocket ascent portion of the flight. 
High ME V

2.

The CanSat container shall be mounted on top of the 

rocket with the shoulder section inserted into the 

airframe. 

High ME V

3.

The CanSat payload and container shall be deployed 

from the rocket when the rocket motor ejection charge 

fires. 

High ME V

4.

After deployment, the CanSat payload and container 

shall descend at 20 meters/second using a parachute 

that automatically deploys. Error is +/- 3 m/s. 

High ME V

5.

At 75% flight peak altitude, the payload shall be 

released from the container and deploy an auto-gyro 

descent control system. 

High
ME, FSW, 

GCS
V

6.
The payload shall descend at 5 meters/second with the

auto-gyro descent control system.
High ME V

7.

The payload shall record video of the release of the 

payload from the container and the operation of the 

auto-gyro descent control system. 

High ME, FSW V

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  



System Requirement Summary (2/9)

13

No. Requirement Priority Subsystem A I T D

8.

A second video camera shall point in the north direction

during descent, be pointed 45 degrees from the CanSat

nadir direction during descent and shall be spin 

stabilized so the ground view is not rotating in the video. 

High ME, FSW V

9.

The CanSat payload shall include an audible beacon

that is turned on separately and is independent of the

CanSat electronics.

High FSW, GCS V

10.

Cost of the CanSat shall be under $1000. Ground

support and analysis tools are not included in the cost of

the CanSat. Equipment from previous years shall be

included in this cost, based on current market value.

High
ME, FSW,

GCS, EE
V

11.
The CanSat and container mass shall be 1400 grams

+/- 10 grams.
High ME V

12.

Nose cone shall be symmetrical along the thrust axis, 

and radius shall be exactly 72.2 mm and shoulder length

shall be a minimum of 50 mm and height shall be a

minimum of 76 mm

High ME V

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  



System Requirement Summary (3/9)

14

No. Requirement Priority Subsystem A I T D

13.

The nose cone be made as a single piece and shall not 

have any openings allowing air flow to enter. Segments

are not allowed.

High ME V

14.
CanSat structure must survive 15 Gs vibration and 30 G 

shock
High ME V

15.

The container shoulder length shall be 90 to 120 mm, 

diameter shall be 136 mm, and wall thickness shall be at 

least 2 mm.

High ME V

16.

Above the shoulder, the container diameter shall be

144.4 mm ,the length above the shoulder shall be 250 

mm +/- 5%

High ME V

17.

The CanSat shall perform the function of the nose cone

during rocket ascent. The CanSat container also can be

used to restrain any deployable parts of the CanSat

payload but shall allow the CanSat to slide out of the

payload section freely.

High ME, FSW V
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System Requirement Summary (4/9)

15

No. Requirement Priority Subsystem A I T D

18.

All electronics and mechanical components shall be

hard mounted using proper mounts such as standoffs, 

screws, or high-performance adhesives.

High ME, EE V

19.
The CanSat container shall meet all dimensions and 

container materials in section F.
High ME V

20.

If the nose cone is to separate from the payload after 

payload deployment, the nose cone shall descend at no 

more than 5 meters/sec. 

High ME, FSW V

21.

If the nose cone is to separate from the payload after 

payload deployment, the nose cone shall be secured to 

the payload until payload deployment with a pull force to 

survive at least 15 Gs acceleration. 

High ME V

22.

Mechanisms that use heat (e.g., nichrome wire) shall 

not be exposed to the outside environment and all 

mechanisms shall be capable of maintaining their 

configuration or states under all forces. No pyrotechnical

or chemical actuators are allowed.

High ME V

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  



System Requirement Summary (5/9)

16

No. Requirement Priority Subsystem A I T D

23.
Spring contacts shall not be used for making electrical 

connections to batteries.
High EE V

24.

Battery source may be alkaline, Ni-Cad, Ni-MH or 

Lithium. Lithium polymer batteries are not allowed. 

Lithium cells must be manufactured with a metal 

package similar to 18650 cells. Coin cells are 

allowed. Lithium polymer batteries are not allowed. 

High EE V

25.
Easily accessible power switch and power indicator is 

required.
High EE V

26.
The CanSat shall operate for a minimum of two hours 

when integrated into the rocket.
High EE V

27.
The audio beacon shall operate on a separate battery 

with an easily accessible power switch
High EE V

28.

XBEE radios shall be used for telemetry. 2.4 GHz Series

radios are allowed. 900 MHz XBEE radios are also

allowed. XBEE radios shall have their NETID /PANID 

set to their team number. broadcast mode is NOT 

allowed. 

High
EE, FSW, 

GCS
V
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System Requirement Summary (6/9)

17

No. Requirement Priority Subsystem A I T D

29.

The CanSat shall transmit telemetry once per second, 

including altitude, air pressure, temperature, battery 

voltage, command echo, and GPS coordinates that 

include latitude, longitude, altitude and number of 

satellites tracked.

High EE V

30.

CanSat payload shall measure its altitude using air 

pressure, internal temperature, battery voltage, position 

using GPS, acceleration and rotation rates, auto-gyro 

rotation rate, magnetic field.

High EE V

31.

The camera video, in color and with a minimum 

resolution of 640x480, shall be spin stabilized and 

oriented in the north direction so the view of the ground 

is not rotating more than 10 degrees in either direction .

High EE, FSW V

32.

Developed own ground station. The ground station shall 

command the CanSat to calibrate the altitude to zero 

when the CanSat is on the launch pad prior to launch 

and generate csv files of all sensor data as specified in 

the Telemetry Requirements section, including mission 

time with 1 second resolution.

High FSW, GCS V

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  



System Requirement Summary (7/9)

18

No. Requirement Priority Subsystem A I T D

33.

Configuration states such as zero altitude calibration

software state shall be maintained in the event of a

processor reset during launch and mission.

High FSW, GCS V

34.

All telemetry shall be displayed in real time during 

ascent and descent on the ground station in the 

International System of Units (SI). The units shall be 

indicated on the displays. In addition, Plot each 

telemetry data field in real-time during the flight.

High FSW, GCS V

35.

The ground station shall be portable and include one

laptop computer with a minimum of two hours of battery

operation, XBEE radio and a tabletop or handheld

antenna.

High FSW, GCS V

36.

The ground station software shall be able to command 

the payload to operate in simulation mode by sending 

two commands, SIMULATION ENABLE and 

SIMULATION ACTIVATE.

High FSW, GCS V

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  



System Requirement Summary (8/9)

19

No. Requirement Priority Subsystem A I T D

37.

In simulation mode, the ground station shall transmit

pressure data from a csv file provided by the

competition at a 1 Hz interval to the CanSat.

High FSW, GCS V

38.

Ground station displays shall be designed using larger 

fonts (14 point minimum), bold plot traces and axes, and 

dark text on a light background theme.

High FSW, GCS V

39.

Ground system shall count the number of received 

packets that it successfully received and be able to 

activate all mechanisms on command. 

High FSW, GCS V

40.

The flight software shall maintain a count of packets 

transmitted which shall increment with each packet 

transmission throughout the mission. The value shall be 

maintained through processor resets.

High FSW, GCS V

41.

The CanSat shall maintain mission time throughout the

whole mission even with processor resets or momentary

power loss and have its time set to within one second 

UTC time prior to launch.

High FSW, GCS V
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System Requirement Summary (9/9)

20

No. Requirement Priority Subsystem A I T D

42.

The flight software shall support simulated flight mode 

where the ground station sends air pressure values at a

one second interval using a provided flight profile csv

file.

High FSW, GCS V

43.

In simulation mode, the flight software shall use the 

radio uplink pressure values in place of the pressure 

sensor for determining the payload altitude.

High FSW, GCS V

44.

The payload flight software shall only enter simulation 

mode after it receives the SIMULATION ENABLE and 

SIMULATION ACTIVATE commands.

High FSW, GCS V

45.

The flight shall include commands to activate all 

mechanisms. These commands shall be documented in

the mission manual. 

High FSW, GCS V
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System Concept of Operations

(CONOPS) (1/3)
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System Concept of Operations

(CONOPS) (2/3)

Å Phase 1 Initial:

ï The CanSat is powered on and loaded to the launch vehicle.

ï The CanSat starts sensor calibration and data transmission.

ï The CanSat starts two cameras recording.

Å Phase 2 Ascent:

ï The CanSat is launched and ascends to apogee. 

Å Phase 3 Separation and release of the parachute:

ï The CanSat is separated from the rocket.

ï The CanSat deploys the parachute and descends at a rate of 17~23 m/s.

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  
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System Concept of Operations

(CONOPS) (3/3)

Å Phase 4 Payload Release:

ï The Payload is released from the container at 75% of apogee height.

ï The Payload deploys the auto-gyro system and descends at a rate of 2~8 

m/s.

ï The first camera records the deployment of the auto-gyro.

ï The second camera records the ground at 45 degrees from the nadir 

direction. 

Å Phase 5 Landing:

ï The payload stops data transmission.

ï The cameras stop video recording.

ï Recovered by team crews.
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CanSat 2025 CDR:  Team#3168 Gemini Supernova  24

Physical Layout (1/9)

Presenter: Chan-Hao Tao

unit : mm

PL dimensions Container dimensions
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Physical Layout (2/9)

Presenter: Chan-Hao Tao

unit : mm

Launch Configuration
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Physical Layout (3/9)

Presenter: Chan-Hao Tao

PL Launch Configuration PL Deploy Configuration

Auto-gyro system

Release system 

GPOC

Aviation electronics

Nose cone

First camera



Physical Layout (4/9)
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Auto-gyro system

Mechanical release module

Container

Nose cone

Aviation electronics

PL Beacon

Ground Pointing and 

Orientation Camera (GPOC)



Physical Layout (5/9)
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Nose Cone

PL beacon

PL beacon battery
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Physical Layout (6/9)
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Aviation Electronics

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

XBee

XBee antenna

RTC coin battery

PL MCU

IMU

Pressure and temperature sensor

14500 Lithium Battery 2 

PCB holder

Power indicator



Physical Layout (7/9)
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GPOC (Second camera)

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

Control MCU

PL beacon switch

PL main switch

Camera module

Servos*

Rotary connector

IMU

* The red arrows indicate the changes since PDR.



Physical Layout (8/9)
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Mechanical Release Module

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

Auto-gyro release clip 

Lock block Servo



Physical Layout (9/9)
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Auto-Gyro Module

Blades*

First camera*

Base hub*

Rotation rate sensor

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao
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Clearance Table (Unit: mm)

Dimensions CanSat Rocket Margin

Container Shoulder 

Diameter
136 137 1

Container Shoulder 

Length
120 90~120 0

No sharp protrusions on the blades

33

Launch Vehicle Compatibility

Presenter: Chan-Hao Tao CanSat 2025 CDR:  Team#3168 Gemini Supernova  

unit: mm

Launch 

Configuration
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Sensor Subsystem Design

Kuan-Yu Lai
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Sensor Subsystem Overview

Presenter: Kuan-Yu Lai

Component Model Function

Air Pressure Sensor BMP581 To determine atmospheric pressure.

Air Temperature Sensor BMP581 To measure the internal temperature of the CanSat.

Battery Voltage Sensor ADC of MCU To monitor the voltage of the batteries

GNSS Sensor LS20031 To provide the precise location and altitude data for the CanSat.

Auto-Gyro Rotation 

Rate Sensor
FC-33 To measure the rotation rate of the auto-gyro.

Tilt Sensor MPU9250 To determine payload tilt during descent.

Ground Camera

Orientation Sensor
MPU9250 To measure the payload rotation.

Parachute Release 

Camera
SQ11 To capture the video of the CanSat release and descent.

Ground Camera SQ11 To capture ground video during the CanSat flight.



Sensor Changes Since PDR

36

Component PDR CDR Rationale

Payload Tilt Sensor 

ICM-20948 MPU9250

ÅHeritage 

Å Better stability

Å ICM failed frequently during 

test

Payload Ground

Camera Orientation

Sensor 

Payload GNSS Sensor LS2003E-G LS20031

ÅHeritage

Å0.1ò pitch,easier for 

soldering

ICM-20948 MPU9250
LS2003E-G LS20031
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Payload Air Pressure Sensor 

Summary

Module Interface
Resolution

(Pa)

Operating 

voltage 

(V)

Operating

Current 

(ɛA)

Range

(hPa)

Dimension

(mm)

Weight

(g)

BMP581 I²C/SPI 0.016 3.3 1.3 300 ~ 1250 25.4 25.4 18

Data Processing

Using ñSparkFun_BMP581_Arduino_Library.hò Library

Uses I²C communication

Using the following formula to transfer pressure to 

altitude

ὃὰὸὭὸόὨὩττσσπρ
ὖ

ὖ

Ȣ

ὖ: Atmospheric pressure at current altitude (Pa)

ὖ: Atmospheric pressure at sea level (Pa)

Telemetry data rate is 1Hz.

Data Format Accuracy

Altitude =  XX.X m

Pressure = XX.X kPa
ǰ6 Pa
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Payload Air Temperature Sensor 

Summary

38

Module Interface
Resolution

(ǯC)

Operating 

voltage 

(V)

Operating

Current 

(ɛA)

Range

(ǯC)

Dimension

(mm)

Weight

(g)

BMP581 I²C/SPI 0.01 3.3 1.3 -40 ~ 85 25.4 25.4 18

Data Processing

Using ñSparkFun_BMP581_Arduino_Library.hò Library

Uses I²C communication

In order to obtain more accurate values, we round to the 

nearest tenth decimal place

4ÅÍÐÅÒÁÔÕÒÅÒÏÕÎÄÄÁÔÁȢÔÅÍÐÅÒÁÔÕÒÅρπȾρπȢπȠ

Telemetry data rate is 1Hz.

Data Format Accuracy

Temperature = XX.X ǯC ǰ0.5ǯC
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Payload Voltage Sensor Summary

39

Model Interface Resolution Size (mm) Weight Cost (USD)

ADC of MCU Analog 12 bit within 3.6V Negligible* Negligible* 29.60

Data Processing

adcVal = analogRead(39);

Vread = adcVal*3.3/1023;

Vin = Vread/1*(3+1);

Telemetry data rate is 1Hz.

Data Format Accuracy

Voltage = X.X V ǰ0.1V

*NOTE: Part of MCU (Teensy 4.1)
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Payload GNSS Sensor Summary

40

Module Interface
Update Rate 

(Hz)

Operating Voltage

(V)

Operating Current 

(mA)

Sensitivity

(dBm)
Weight (g)

LS20031 UART 10 3.3 16 -160 14

Data Processing

Using ñTinyGPSPlus.hò Library

Uses UART communication

Time = (t.hour() : t.minute() : t.second());

Altitude = gps.altitude.meters();

Latitude = gps.location.lat();

Longitude = gps.location.lng();

Satellite = gps.satellites.value();

Telemetry data rate is 1Hz.

Data Format Accuracy

Time = hh:mm:ss

Altitude = X.X m

Latitude = X.XXXX°

Longitude = X.XXXX°

Satellite = X

ǰ2.5 m
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Auto-gyro Rotation Rate Sensor 

Summary

41

Module Interface
Measurement 

Technique

Operating Voltage 

(V)

Operating Current 

(mA)

Weight

(g)

Timing Accuracy

(ms)

Range

(RPM)

FC-33 Digital Infrared Radiation 3.3 10 3.2 <1 0~20,000

Data Processing

When the light is interrupted and generate a pulse 

signal. We record the time interval of a revolution, and 

calculate the rotation rate

R(rpm) = 1000 / ЎÔÍÓ* 60;

ЎÔ:time interval of a revolution

Telemetry data rate is 1Hz.

Data Format Accuracy

rpm = XX RPM <0.1%(@1000RPM)
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Payload Tilt Sensor Summary

Module Interface
Operating 

Current (mA)

Maximum 

Gyroscope Range 

(°/sec)

Resolution 

(bit)
Size (mm) Weight (g)

MPU9250 I²C, SPI 3.2 ǰ2000 16 15x25x3.3 2

Data Processing

Using "MPU9250.hñ Library

Uses I2C communication

Yaw = imu.getYaw();

Pitch = imu.getPitch();

Roll = imu.getRoll();

Telemetry data rate is 1Hz.

Data Format Accuracy

Yaw = X.XXǯ
Pitch = X.XXǯ
Roll = X.XXǯ

ǰ3ǯ~5ǯ
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Payload Ground Camera Orientation 

Sensor

43

Module Interface
Operating 

Current (mA)

Maximum 

Gyroscope Range 

(°/sec)

Resolution 

(bit)
Size (mm) Weight (g)

MPU9250 I²C, SPI 3.2 ǰ2000 16 15x25x3.3 2

Data Processing

Using ñMPU9250.hò Library

Uses I2C communication

gyro[0] = mpu.getGyroX();

gyro[1] = mpu.getGyroY();

gyro[2] = mpu.getGyroZ();

accel[0] = mpu.getAccX();

accel[1] = mpu.getAccY();

accel[2] = mpu.getAccZ();

Telemetry data rate is 1Hz.

Data Format Accuracy

GYRO_R = X.XX ǯ/s
GYRO_P = X.XXǯ/s
GYRO_Y = X.XXǯ/s

ACCEL_R = X.XX ǯ/Ó
ACCEL_P = X.XXǯ/Ó
ACCEL_Y = X.XXǯ/Ó

0.061ǯ/s
0.061 ǯ/Ó
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Ground Camera Sensor Summary

44

Module
Resolution

(pixel)

Frame Rate

(fps)
Built-in battery

Operatin Current 

(mA)
Viewing Angle (Á)

Dimension 

(mm)

Weight 

(g)

SQ11 1920 x 1080 30 YES 300 140 23x23x23 10

Data format

Video file type: AVI

Video Resolution: 1920 x 1080

Å Video in color 

Integrated MicroSD Card

Å Maximum MicroSD size: 64 GBytes 
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Auto-Gyro Deploy Camera 

Summary

45

Data format

Video file type: AVI

Video Resolution: 1920 x 1080

Å Video in color 

Integrated MicroSD Card

Å Maximum MicroSD size: 64 GBytes 

Module
Resolution

(pixel)

Frame Rate

(fps)
Built-in battery

Operation Current 

(mA)
Viewing Angle (Á)

Dimension 

(mm)

Weight 

(g)

SQ11 1920 x 1080 30 YES 300 140 23x23x23 10
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Descent Control Design

Chen-Pei Yang

Su-Yun Hsu
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Descent Control Overview

Presenter:  Su-Yun Hsu

Apogee to 75% peak 

altitude

75% peak altitude to 

landing

( Descent rate of 17~23 m/s ) ( Descent rate of 2~8 m/s )

Parachute

(for Cansat & container)

Auto-Gyro Module

(for PL)

Release

Reach 75% peak 

altitude



Descent Control Changes Since PDR (1/2)

48

PDR CDR Rationales

Dome-shape

Parachute

Hexagonal-shape

parachute

Å To distribute stress more evenly

Å Easy to process

PDR design : CDR design :
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Descent Control Changes Since PDR (2/2)

49

The parachute and auto-gyro are tested to verify their functionality and compliance with the

requirements. In the prototype testing, a 1.4 kg cardboard container with essential electronic

components inside is designed as a substitute for the CanSat. The parachute and auto-gyro were

separately attached to this container. Test drops were conducted from a 12-story building, ensuring

a safe landing area. The results showed that the parachute effectively slowed the descent speed

while keeping the ropes intact. Additionally, a stable descent of the auto-gyro is also demonstrated.

Prototype testing :
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Container Parachute Descent Control 

Summary

50

A hexagonal parachute design was chosen for its high stability and even stress distribution. With a 15-inch 

diameter, it can achieve a descent rate of about 20 m/s. The bright orange and yellow colors enhance 

visibility for easy recovery, especially in grassy environments.

15 inches

ÅShape: hexagonal

ÅSize: diameter of 15 inches

ÅColor: bright orange and bright yellow

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chen-Pei Yang



Auto-gyro selection summary (1/2)

51

Å Terminal velocity (ἤἼ)= ẗ ẗ

Å The rotor disk area ὃ
╒▀

“ὶ

Conclusion:

Å The Descent rate limit: 2~8m/s

Å The longest blade that can fit in 

the container is choosen.

ᵼ r=0.3m

Cd 1.16 1.1

A= 0.20 0.20 

r= 0.25 0.25 

Case : ἤἼ □Ⱦ▼

Case :ἤἼ □Ⱦ▼

Case :  ἤἼ □Ⱦ▼

Cd 1.16 1.1

A= 1.23 1.25 

r= 0.63 0.63 

Cd 1.16 1.1

A= 0.08 0.08 

r= 0.16 0.16 

Í #ÁÎ3ÁÔÍÁØÉÍÕÍÍÁÓÓËÇ
ʍ !ÉÒ$ÅÎÓÉÔÙÁÔσρȍ#
, ,ÉÆÔÆÏÒÃÅ.
Ò ÂÌÁÄÅÌÏÎÇÍ
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Auto-gyro selection summary (2/2)

Å Auto-gyro blade

52

Rotor disk Carbon fiber Blade

768mm

Å Long:300mm

Å blade-width:41mm

Å Blade thickness:4.1mm

Å Shape : naca0012
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Auto-gyro Descent Control Summary (1/4)

Å Auto-gyro descent control overview

53

D
ra

g
e
 f

o
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e

G
ra

v
ity

D
ra

g
e
 f

o
rc

e

Lift 

force

Å The auto-gyro blades generate drag 

force, and upon entering autorotation, 

the blades produce upward lift.  

Å These two forces work together to 

generate a counteracting force 

opposite to the direction of descent 

during the payload's descent phase.
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Å The fixed axis of the blade is offset, causing the blades to start 

rotating clockwise when the auto-gyro module is deployed during 

the decent phase.

54

A
irflo

w

A
irflo

w

A
irflo

w

A
irflo

w

Blades 

autorotation

Auto-gyro Descent Control Summary (2/4)

12mm offset
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ÅAuto-gyro autorotation test

ïBlowing by compressed air.

ïBlowing by nature wind.

Auto-gyro Descent Control Summary (3/4)

55

https://youtu.be/5SyogglDOZA

https://youtu.be/5SyogglDOZA

https://youtu.be/HOP8VPchZoQ

https://youtu.be/HOP8VPchZoQ
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Auto-gyro Descent Control Summary (4/4)

Å The result of the freefall test by the prototype:

56

Å Freefall test:

ï Hight: 42.5m 

ï Max. rotation rate: 270rpm
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Auto-gyro Descent Stability Control 

Design

57

Passive control: low center of gravity

The nadir direction is stably maintained as the 

CanSat's center of gravity is located toward 

the nose cone.

Center of Gravity

Lift Force
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Descent Rate Estimates (1/4)

Presenter: Chen-Pei Yang

ᵼὃ πȢπψτÍ

ᵼὈ ρφσȢυÍÍÐÁÒÁÃÈÕÔÅÄÉÁÍÅÔÅÒ

!:AreaoftheParachute(Í )

# : Drag Coefficient (Assumed #ȟ πȟχυ) 

”: Air Density at 31ęC (ρȢπψωËÇȾÍ )

6: Terminal velocity (ςπÍȾÓby requirements) 

& : Drag Force (Equal to the weight=ρȢτËÇ×) 

ὃ
ςɇ&

# ɇʍɇὠ

Parachute
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Descent Rate Estimates (2/4)

Presenter: Chen-Pei Yang

ὃ:AreaoftheParachute(ά )

# : Drag Coefficient (Assumed #ȟ πȟχυ) 

”: Air Density at 31ęC (ρȢπψωὯὫȾά )

ὠ: Terminal velocity (ςπάȾίby requirements) 

& : Drag Force (Equal to the weight=ρȢτὯὫύ) 

ὃ
ςɇ&

# ɇʍɇὠ

ὠ ςπȢπρϳάί

Parachute



Descent Rate Estimates (3/4)

60

ÅM=4; mass(ËÇ)

Åg=9.8;gravitational acceleration( )

Å”;Air Density at 31ęC (ρȢπψω )

Å#= 1.16 ; Drag Coefficient

Å#=1.10 ; Lift Coefficient

ÅA=0.264 ; Rotor area(! ʌÒ,Í )

Å( initial height=525(At 75% peak altitude, Í)

ὠ υȢυρϳάί
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Auto-gyro
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Descent Rate Estimates (4/4)

Presenter: Chen-Pei Yang

Summary

Components
Estimated Terminal 

Velocity

Parachute 20.01 m/s

Payload auto-gyro 5.51m/s
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Mechanical Subsystem Design

Chen-Pei Yang

Chan-Hao Tao

Su-Yun Hsu
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Mechanical Subsystem Overview

Presenter:  Chan-Hao Tao

Auto-gyro system

(PETG, metal, carbon fiber)

Å Auto-gyro rotation sensor

Å First camera 
GPOC (PETG)

Aviation electronics

PL beacon

Nose Cone does not 

separate from the payload

Release module (PETG)

Main structural tube

(carbon fiber)

Nose cone (PETG)

Container (PLA+)



Mechanical Subsystem 

Changes Since PDR (1/5)

Å Auto-gyro module mechanical changes overview in CDR

64

blades*

hub*

First camera

position*

PDR CDR

main shaft* 

& 

ball bearing*

* The red arrows indicate the changes since PDR.

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Su-Yun Hsu



Mechanical Subsystem 

Changes Since PDR (2/5)

Å Auto-gyro blade

65

PDR CDR Rationales

ABS blades carbon fiber blades
Å Lighter weight 

Å Better specific strength. 

PDR design : CDR design :
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Mechanical Subsystem 

Changes Since PDR (3/5)

Å Auto-gyro main shaft :

66

PDR CDR Rationales

Diameter 8mm

steel shaft

Diameter 6mm 

steel shaft

Å Lighter weight 

Å The same stability

PDR design : CDR design :
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Mechanical Subsystem 

Changes Since PDR (4/5)

Å Auto-gyro ball bearing :

67

PDR CDR Rationales

NSK 608ZZ NSK 696ZZ
Å Lighter weight 

Å Smaller inner diameter

PDR design : CDR design :
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Mechanical Subsystem 

Changes Since PDR (5/5)

Å Blade Hub :

68

PDR CDR Rationales

Counterclockwise

(CCW) hub design

Clockwise (CW) hub design , the blades 

arranged in a counterclockwise direction.

Å In accordance with the 

aerodynamics of the 

blade.

PDR design : CDR design :
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CanSat Mechanical Layout of 

Components (1/11)

69

unit : mm

PL dimensions Container dimensions

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao



CanSat Mechanical Layout of 

Components (2/11)

70

Auto-gyro module

Mechanical release module

Container

Aviation electronics

PL Beacon

GPOC

unit : mm
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CanSat Mechanical Layout of 

Components (3/11)

71

Nose Cone

PL beacon

PL beacon battery

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

PETG *

PETG *

unit : mm* The blue arrows indicate the material.



CanSat Mechanical Layout of 

Components (4/11)

72

Aviation Electronics

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

unit : mm

PETG*

* The blue arrows indicate the material.



CanSat Mechanical Layout of 

Components (5/11)

73

GPOC

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

unit : mm

PETG*

* The blue arrows indicate the material.



CanSat Mechanical Layout of 

Components (6/11)

74

Mechanical Release Module

CanSat 2025 CDR:  Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

Unit : mm

PETG*

* The blue arrows indicate the material.



CanSat Mechanical Layout of 

Components (7/11)

75

Auto-Gyro Module

Unit : mm

Carbon fiber*

PETG*

steel*

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

* The blue arrows indicate the material.



CanSat Mechanical Layout of 

Components (8/11)

76Presenter:  Chan-Hao Tao

Xbee*

XBee antenna*

RTC coin battery

PL MCU*

IMU
P&T sensor

14500 Lithium Battery 2 

PCB holder

CanSat 2025 CDR: Team#3168 Gemini Supernova  

Power indicator

*:The brown Color stands for the CDH components

Tether attachment point



CanSat Mechanical Layout of 

Components (9/11)

77Presenter:  Chan-Hao Tao

Control MCU

PL beacon switch

PL main switch

Second Camera module

Servos

Rotary connector

IMU

CanSat 2025 CDR: Team#3168 Gemini Supernova  



CanSat Mechanical Layout of 

Components (10/11)

78Presenter:  Chan-Hao Tao

Servo

First camera module*Rotation rate 

sensor
* The red arrows indicate the changes since PDR.

CanSat 2025 CDR: Team#3168 Gemini Supernova  



CanSat Mechanical Layout of 

Components (11/11)

79

Auto-gyro 

release clip 
Lock block 

Gears

Bearing

Bearing*
CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

* The red arrows indicate the changes since PDR.

Hinge 

&

torsion spring



Container Design (1/2)

80

4 Lock slots

Switch Access Ports

An AirTag is placed for container 

retrieval. The 4 lock slots are 

designed to release the payload 

by a servo motor.

The vent holes can be used as 

switch access ports to turn on the PL.

AirTag
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Container Design (2/2)

81

The container shoulder has a diameter of 

136mm to ensure that it can fit into the 

rocket appropriately. Container is made of 

PLA+.

Unit: mm
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Payload Pre-Deployment Configuration

(1/2)

82

The locks on the release mechanism

engage with the slots on the container,

ensuring the vertical stability of PL.

The grooves on the nose cone and the

protrusions on the container act as a

positioning block, preventing rotational

displacement of the PL.
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Å Stowed position explanation:

Payload Pre-Deployment Configuration 

(2/2)

83

Locked Unlocked

After separate 

from container

Since the torsion spring has a self-recovery

capability, a gripper is placed to hold the PL in the

stowed position.
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Payload Release

84

ÅWhen the CanSat reaches the released altitude, the driving motor is

activated.

ÅThe servo turns clockwise, and the PL is unlocked.

ÅAfter unlocking, The PL is pulled out from the container by gravity.

Reach the 

released altitude

Pulled out by gravity.

Locked Unlocked
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Payload Deployment Configuration

85

There are no mechanisms or 

structural changes in the payload 

upon release. The payload remains 

in its original configuration, the 

same as when it is inside the 

container.
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Parachute Attachment to Container

86Presenter: Chen-Pei Yang

Fender Washers

Nylon Nuts

Insert a 1/4-inch eyebolt through the

plywood, then use fender washers

and nylon nuts to firmly secure the

eyebolt to a wooden disc at the

base of the container.

1/4-inch Eyebolt

Unit : inch

CanSat 2025 CDR: Team#3168 Gemini Supernova  



Auto-gyro Deployment (1/3) 

Å Auto-gyro module

87

CAD Prototype

Presenter:  Su-Yun Hsu CanSat 2025 CDR: Team#3168 Gemini Supernova  



Å Auto-gyro deployment configuration: Hinge& Torsion Spring

Auto-gyro Deployment (2/3) 

88

A 180-degree torsion spring is 

selected as the deployment 

configuration for the auto-gyro.

Hinge Pin
Pin Nut

Torsion Spring

Presenter:  Su-Yun Hsu CanSat 2025 CDR: Team#3168 Gemini Supernova  



Auto-gyro Deployment (3/3) 

Å Auto-gyro deployment configuration 

89

Stage1: Stowed in the container Stage2: During the deceleration

Automatic deployment utilizes the 

rebound force of the torsion spring

Torsion Spring

Torsion Spring

Presenter:  Su-Yun Hsu CanSat 2025 CDR: Team#3168 Gemini Supernova  



Ground Camera Pointing (1/2)

90

This servo ensures the 

camera remains angled 

downward at 45 degrees.

The orientation of the 

GPOC is determined by the 

onboard IMU.

GPOC MCU

This servo ensures that the camera is 

controlled to point north.

Presenter:  Chan-Hao Tao CanSat 2025 CDR: Team#3168 Gemini Supernova  
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Ground Camera Pointing (2/2)

* The red frames indicate the changes since PDR.

Presenter:  Chan-Hao Tao

ÅAlgorithm:



Structure Survivability (1/2)

92

Zip ties are used to secure 

batteries on the PCB.
Screws are used to secure and 

stabilize the XBee antenna.

Presenter:  Chan-Hao Tao CanSat 2025 CDR: Team#3168 Gemini Supernova  



Structure Survivability (2/2)

93

High-pressing force switches 

are chosen to prevent 

accidental shutdown.

All components are 

fastened to the main 

structure by using screws.

Presenter:  Chan-Hao Tao CanSat 2025 CDR: Team#3168 Gemini Supernova  
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Mass Budget (1/12)

Presenter:  Chan-Hao Tao

Electronics Mass Budget (1/2)

Components Model Mass (g) Quantity Summary (g) Source

MCU Teensy 4.1 8.7 2 17.4ǰ0.2

Measurement

P&T Sensor BMP581 2.9 1 2.9ǰ0.1

Tilt & Camera 

orientation Sensor
MPU9250 2.3 2 4.6ǰ0.2

GNSS Receiver LS20031 13 1 13ǰ0.1

Camera SQ11 10.5 2 21ǰ0.2

Micro SD card

SanDisk Ultra Micro 

SDHC UHS-I C10 

32GB
0.2 2 0.4ǰ0.2

RF Module XBee S3B PRO 6.7 1 6.7ǰ0.1

Antenna ANT-916-CW-RCS 8.3 1 8.3ǰ0.1
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Mass Budget (2/12)

Presenter:  Chan-Hao Tao

Electronics Mass Budget (2/2)

Components Model Mass (g) Quantity Summary (g) Source

Battery

+

Battery Holder

Vapcell L10 ICR14500 24 2 48ǰ0.2

Measurement

Coin Battery

+

Battery Holder

CR2032 3.9 2 7.8ǰ0.2

Rotation rate 

sensor
FC-33 2.4 1 2.4ǰ0.1

Audio Beacon CMI-1210-5-95T 1.8 1 1.8ǰ0.1

Servo ES08MAII 20 2 40ǰ0.2

Servo SER0053 9.7 1 9.7ǰ0.1

Tracker AirTag 11.3 1 11.3ǰ0.1

Switch E44145 6.2 2 12.4ǰ0.2

DC-DC converter HW-133B 2.8 2 5.6ǰ0.2

Electronics Total Mass 213.3 ǰ2.6 g
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Mass Budget (3/12)

Presenter:  Chan-Hao Tao

Mechanical Mass Budget (1/7)

Modules Component Material Mass (g) Quantity Summary (g) Source

Nose cone

Nose cone PETG 135.0 1 135.0ǰ6.8 Analysis

Carbon fiber bar
Carbon 

fiber 

0.0183/m

m
1340mm 24.5ǰ0.1 Measurement

Container

Container main 

part PLA+ 237.3 1 237.3ǰ11.9
Analysis

(Uncertainty 

due to 3D 

printing)

Container shoulder PLA+ 174.4 1 174.4ǰ8.7

Plywood disk Plywood 62 1 62ǰ0.1

Measurement
AirTag cover PETG 2.7 1 2.7 ǰ0.1

Eyebolt SS400 2.1 1 2.1ǰ0.1

Parachute Nylon 5.5 1 5.5ǰ0.1

Electronics 

structure
PCB holder PETG 2.1 4 8.4ǰ0.4 Analysis
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Mass Budget (4/12)

Presenter:  Chan-Hao Tao

Mechanical Mass Budget (2/7)

Module Component Material Mass (g) Quantity Summar (g) Source

GPOC

Main Gear

PETG

6.9 1 6.9 ǰ0.4

Analysis

(Uncertainty 

due to 3D 

printing)

Second Camera box 8.7 1 8.7 ǰ0.4

Second Camera cover 2 1 2 ǰ0.2

Rotary connector holder 0.4 1 0.4 ǰ0.1

GPOC bearing 3.5 1 3.5 ǰ0.1

Second axis 3.3 1 3.3 ǰ0.2

Transmission Gear 2.9 1 2.9 ǰ0.2

GPOC base 22.7 1 22.7 ǰ1.1
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Mass Budget (5/12)

Presenter:  Chan-Hao Tao

Mechanical Mass Budget (3/7)

Modules Component Material Mass (g) Quantity Summary (g) Source

Release

module

First Camera cover

PETG

4.1 1 4.1 ǰ0.2

Analysis

(Uncertainty 

due to 3D 

printing)

Base plate 28 1 28 ǰ1.4

Lock block 1.3 4 5.2 ǰ0.3

Link rod 0.6 4 2.4 ǰ0.1

Spin disc 2.8 1 2.8 ǰ0.1

Gripper_link1 0.6 4 2.4 ǰ0.1

Gripper_link2 0.2 8 1.6 ǰ0.1

Gripper_link3 0.3 8 2.4 ǰ0.1

Gripper_link4 0.3 8 2.4 ǰ0.1

Gripper_slide 0.6 4 2.4 ǰ0.1
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Mass Budget (6/12)

Mechanical Mass Budget (4/7)

Modules Component Material Mass (g) Quantity Summary (g) Source

Auto-gyro

Base hub

PETG

16.8 1 16.8 ǰ0.8

Analysis

(Uncertainty 

due to 3D 

printing)

Blade shaft 7.0 4 28.0 ǰ1.4

Hub4 19 1 19 ǰ1.0

Speed disk 3.6 1 3.6 ǰ0.2

Top hub 12.0 1 12.0 ǰ0.6

Fixmainshaft aluminum 5.2 1 5.2 ǰ0.1

Measurement

Mainshaft Steel 25.3 1 25.3 ǰ0.1

Ball bearing Sheet metal 3.5 1 3.5 ǰ0.1

Blade Carbon fiber 20 4 80 ǰ0.4

Hinge pin Steel 1.6 4 6.4 ǰ0.4

Torsion spring
Stainless 

Steel 0.8 4 3.2 ǰ0.4
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Mass Budget (7/12)

Mechanical Mass Budget (5/7)

Modules Component Material Mass (g) Quantity Summary (g) Source

Fastener

M1.6 Ȗ8 Flat 

Head Screw

Aluminum

0.2 4 0.8 ǰ0.04

Measurement

M2 Ȗ4 Flat 

Head Screw 0.16 12 1.92 ǰ0.12

M2 Ȗ5 Flat 

Head Screw 0.16 8 1.28 ǰ0.08

M2 Ȗ10 Flat 

Head Screw 0.2 8 1.6 ǰ0.08

M2 Ȗ12 Flat 

Head Screw 0.2 23 4.6 ǰ0.23

M2 Ȗ20 Flat 

Head Screw 0.26 3 0.78 ǰ0.03

M3 Ȗ6 Flat 

Head Screw 0.22 8 1.76 ǰ0.08

M3 Ȗ8 Flat 

Head Screw 0.24 1 0.24 ǰ0.01

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao
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Mass Budget (8/12)

Mechanical Mass Budget (6/7)

Modules Component Material Mass (g) Quantity Summary (g) Source

Fastener

M3 Ȗ12

Flat Head Screw

Aluminum

0.24 8 1.92 ǰ0.08

Measurement

M3 Ȗ16

Flat Head Screw 0.3 50 15 ǰ0.5

M3 Ȗ25

Flat Head Screw 0.3 3 0.9 ǰ0.03

M2.5 Ȗ5

Flat Head Screw 0.2 4 0.8 ǰ0.04

M4 Ȗ6

Flat Head Screw 0.2 2 0.4 ǰ0.02

M4 Ȗ12

Flat Head Screw 0.3 2 0.6 ǰ0.02

¼-inch Nylon Nut 0.8 2 1.6 ǰ0.02

¼-inch Fender

Washer 0.2 2 0.4 ǰ0.02

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao
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Mass Budget (9/12)

Mechanical Mass Budget (7/7)

Modules Component Material Mass (g) Quantity Summary (g) Source

Fastener

M2 Lock Nut

Aluminum

0.2 44 8.8 ǰ4.4

MeasurementM3 Lock Nut 0.5 30 15.0 ǰ3

M3 Washer 0.04 4 0.16 ǰ0.4

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

Mechanical Total mass 1017.56 ǰ48.3 g
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Mass Budget (10/12)

CanSat Mass Budget (1/1)

Subsystem Component Mass (g)

Electronics All components 213.3 ǰ2.6

Mechanical

Electronics structural 8.4 ǰ0.4

Nose cone 159.5 ǰ6.9

Container 484 ǰ21

Ground Pointing and 

Orientation Camera 50.4 ǰ2.7

Release module 53.7 ǰ2.6

Auto-gyro 203 ǰ5.5

Fastener 58.56 ǰ9.2

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

Total mass 1230.86 ǰ50.9 g

Margin 1410 ï1230.86 ǰ50.9 = 128.54g ~ 230.34g
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Mass Budget (11/12)

CanSat 2025 CDR: Team#3168 Gemini Supernova  Presenter:  Chan-Hao Tao

Correction Method

If the overall weight is larger than the mass requirement

ÅDecrease the infill percentage on 3D-printed components.

ÅReplace screws with super glue at components that donôt experience large force.

ÅSimplify the overall structure by eliminating the reductant structure.

+18g

-18g




































































































































































































