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Abstract — This paper presents a project-based space 
engineering education project that is currently conducted at 
space systems technology laboratory (SSTLab) at aerospace 
engineering department, Cairo University. An autonomous 
rover-back is advanced educational project and currently under 
continuous development by the students finished their CanSat 
Training Program (CTP) at SSTLab. The mission of the 
autonomous rover-back CanSat is to return back to a prescribed 
target point on the ground after launching into a suborbital 
altitude of approximately 4000 meters. The total weight of the 
system should be less than 1 kg and a diameter of approximately 
140 mm with length of approximately 250 mm. The rover-back 
CanSat will have a fully autonomous control of its attitude and 
trajectory in both the flight and ground segments. The paper 
presents the essential development areas in this project and the 
lessons learned. 
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I.  INTRODUCTION  
The concept of CanSat was proposed by professor Robert 

Twiggs of Stanford University in 1999. CanSat is Soda can 
size satellite. CanSat is fundamental concept in teaching space 
engineering to undergraduate students. The CanSat provides an 
affordable way to acquire the students with the basic 
knowledge to many challenges in building a satellite. Students 
will be able to design and build a small electronic payload that 
can fit inside a Soda can. The CanSat is launched and ejected 
from a rocket or a balloon. By the use of a parachute, the 
CanSat slowly descends back to earth performing its mission 
while transmitting telemetry. Post launch and recovery data 
acquisition will allow the students to analyze the cause of 
success and/or failure [1].    

  The concept is very attractive and challenging to the 
undergraduate students and it contributes to the teaching 
method of space engineering education. Spreading this concept 
to the world becomes one of the main activities of Japanese 
University Space Engineering Consortium (UNISEC).  

UNISEC is a non-profitable organization to support 
practical space development activities in universities and 
colleges, such as small satellite and hybrid rockets.  

CanSat activates in Japan have been developing for more 
than ten years. A Rocket Launch for International Students 
Satellites (ARLISS) is held in Black Rock Desert, Nevada, 
USA and students from all over the world have been attending 

this competition since 1999 [2]. Several Japanese universities 
are participating actively each year in ARLISS. 

 The first CanSat Leader Training Program (CLTP) has 
been held in Japan from February 14 to March 14, 2011. The 
last author was one of the attendants of the first CLTP.  After 
the competing of first CLTP, the last author founded the Space 
Systems Technology Laboratory (SSTLab) at Aerospace 
Engineering Department in July 2011. One of its missions is to 
provide the students with short term hands-on training space 
engineering projects. CanSat Training Program (CTP) is an 
example of the fundamental space engineering education 
provided to undergraduate and graduate students to teach them 
fundamentals of design, fabrication, testing and launching a 
soda can size satellite (CanSat). CTPs are being conducted on 
bi-annual basis by SSTLab and applicants from all Egyptian 
universities can participate in this program [3].  

CanSat mission should address the objectives of the 
mission. Then the design and development of the CanSat 
should produce a CanSat that could achieve these objectives 
with high reliability and robustness. Basic mission like remote 
sensing (or imaging) or information collection using different 
MEMS transducers usually performed for educational purposes 
and the beginner to the CanSat based-space engineering 
education. 

More advanced mission like launching a CanSat from a 
specific point and perform a fly-back mission [4] or comeback 
mission [5,6] to return to another prescribed point usually done 
for advanced level training or CanSat competition. 

Autonomous rover-back or comeback CanSat and CubeSat 
are advanced educational projects and currently under 
continuous development by the former CTP participants in 
SSTLab. The mission of the autonomous rover-back CanSat 
(Object-R) is to return back to a prescribed target point on the 
ground after launching into a suborbital altitude of 
approximately 4000 meters. The total weight of the system 
should be less than 1 kg and a diameter of approximately 140 
mm with length of approximately 250 mm. Object-R will have 
a fully autonomous control of its attitude and trajectory in both 
the flight and ground segments. In flight segment, a carefully 
designed recovery system using locally developed design 
scheme and technology will fly- back the CanSat to as close as 
possible to the target point. Currently two systems are being 
examined regarding their controllability and reliability in the 
separation phase before touchdown. The first system is the 
conventional recover system (parachute) which is designed to 
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achieve prescribed descending rate. The second system is a 
gliding system (parafoil) which will have the controllability to 
head to the target while flying.  

The separation of the recovery system from the rover 
before touchdown is a crucial phase of the mission. 
Unsuccessful separation might cause wheel jamming and 
results in mission not completed. The separation mechanism 
will be either servo-based or wire cut-based separation. The 
servo-based separation system will employ a simple servo 
attached to a carefully designed mechanical system to 
mechanically separate the parachute cords from the rover. 
While the wire cut-based separation system will use the electric 
current to heat an electric wire and cut the cords. Both systems 
are currently tested to meet the weight and dimension 
constraints.  

The ground segment is followed by safe separation of the 
recovery system and landing of the CanSat. In this segment the 
CanSat will behave like a mobile robot with two wheels 
moving on uneven terrain.  

The onboard navigation system will be based on GPS and 
an inboard inertial measurement unit (IMU) composed of 3D-
accelertometer, 3D-gypescope and digital compass to 
determine the current location and heading of the rover. A 
control algorithm is developed to return it back to the target 
point. This paper will present a step by step design technique 
employed in Object-R development. It includes the CanSat 
mechanical design, the required power for the mission, sensor 
fusion and sensor modeling, mathematical modeling and 
controller design, hardware and firmware development, a 
locally developed recovery system design technique, and pre-
flight and post-flight test result analysis. 

II. THE ROVER-BACK CANSAT SUBSYSTEMS 

A. Structure 
It is required to design the rover-back CanSat a prescribed 

dimensions and weight, with the ability to move on hard lands, 
ride on ramps, avoid obstacles and withstand strong impacts 
from high altitudes.  The current rover-back is designed in 
compact size which allows all the electronic components to fit 
into small volume, protecting them from gust and 
environmental effects. The design requirements, size and 
weight requirements of the rover-back CanSat is listed in Table 
1. 

Table 1 Design requirements 
Parameter Typical values/level 
Descent Rate 2.5 ~ 4.5 m/s 
Payload 1.1 Kg (safety) 
Oscillations Low 
Length 0.24 m 
Diameter 0.14 m 
Weight 1 Kg 
Land Desert 

 
In the development process, two engineering models (EMs) 

had been fabricated to satisfy the strict weight and size 

limitations.  The third model was intended to be the flight 
model (FM) which includes all the corrections based on the 
testing of EMs. Figure 1 shows the EMs and FM models. 

  
a. 1st Engineering Model (EM1) 

  
b. 2nd Engineering Model (EM2) 

  
c. Flight Model (FM) 

Figure 1 The evolution of engineering and flight models of 
the Rover-Back CanSat. 

B. Recovery System 
It is required to design and fabricate a parachute to be used 

as a recovery system for the rover-back CanSat and to 
successfully land it safely from high altitudes. The parachute 
must be economic and fabricated from commercially available 
fabrics. 

Three models had been proposed and tested for the mission. 
Flat circular, cross and hemispherical models were fabricated.  
Figure 2 presents the models characteristics and its associated 
drag coefficient (CD) values. 

 
Figure 2 Types of parachutes and their associated  drag 
coefficient (CD) 
 



Designing the canopy depends on a number of parameters 
which includes payload, required descend rate, and accepted 
maximum oscillation.  Usually the specified descend rate is 
achieved with high drag coefficient (CD). Canopy hemisphere 
shape quality can be improved by increasing the number of 
panels forming the 3-D hemisphere shape. The only 
disadvantage of doing so is an increase of threshold lines which 
in turn increases the total weight of the canopy. Number of 
panels between 6 to 12 gives an acceptable a overall 
performance without dramatic increase in the weight. 

The surface area of a canopy that  produces the required 
descend velocity without spill-hole is calculated from the 
following formula 

DCρV
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2W  (1) 

The surface area of the canopy that produces required 
descend velocity with spill-hole size can be calculated from the 
following formula. 
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Where, V is  the descend velocity in m/s, W is the payload 
weight  in N, ρ: is  the air density  in kg/m3, S is the surface 
area of the canopy in m2, CD is the coefficient of drag, R is the 
radius of canopy in m and r is the radius of spill-hole in m. 

The canopy is fabricated from Nylon sheets. Two types of 
nylon “Disco” and “Salia” are found in local market. They 
tested and showed good impulse forces resistance and pass the 
high stress fabric tests. The price for 100 cm × 120cm sheet is 
about 1 $.  Paracord of 2 mm diameter is needed to attach the 
payload to the canopy and it costs around 0.5$/meter. Finally, 
the panel is attached using a Nylon sewing threads which costs 
around 1 $. (Elmer glue can be used as an alternative to sewing 
method). 

Figure 3 shows the gore patterns and shape used in the 
fabrication of the canopy. The gores are sewn together to form 
the parachute. 

  
Figure 3 Gore patterns and cut sheets 

 

Fabrics and materials have been exposed to impact stress 
tests. The resuls showed good strength and favorable weight as 
shown in Figure 4. 

 
Figure 4 Stress extension curve for the fabrics 

 

Drop tests with a dummy payload  have been conduced to 
test the parachutes. Figure 5 shows a successful drop test with 12 
panels parachute. 

 

 
Figure 5 Parachute drop test with dummy payload 

C. Separation Mechanism 
It is required to develop a separation mechanism separate of 

the rover-back CanSat before the touch down, so the parachute 
wouldn’t act as an obstacle for the rover and consequently it will 
navigate easily towards the target. 

The concept of operation is described as follows: First using 
sonar as a proximity sensor for detecting the ground, The safe 
distance of separation was calculated to be around 1-0.5 m 
above the ground. This distance was calculated based on impact 
test results. A mechanical system based on servo motor is used 
to unlock the parachute from the rover and leaving the parachute 
under the drag effect to move away from the rover. The 
hardware used to develop this separation mechanism with its 
cost is listed in Table 2. Figure 6 shows the block diagram of the 
separation system. Figure 7 shows the rover and parachute 
during a successful separation. 

D. Payload 
As for any space project, there must be a payload that 

performs the desired mission. The mission of the present rover-
back is to transmit a reliable attitude determination data via a 



long range wireless communication module. Different sensors 
have been used in order acquired a reliable attitude 
determination data. The onboard sensors are as follows: 

Table 2 Separation mechanism hardware 
Material Cost 
Servo Motor (1.5 Kg.Cm) 8.5$ 
Sonar Sensor 50$ 
Ply wood (10 Cm X10 
Cm) 

1$ 

Springs 0.5$ 
Mbed (micro controller) 79.5$ 

 

 
Figure 6 Block diagram of the separation system 

 

 

 
Figure 7 Testing separation mechanism 

 

I. Weather forecasting sensors 

II. Orientation sensor 

III. Altitude sensor 

IV. Position sensor 

V. Camera 

Figure 8 shows hardware architecture of the rover-back 
CanSat. The hardware used in the payload as a standalone 
telemetry sub-system is listed in Table 3. 

Figure 9 shows the pressure sensors results and onboard 
camera during a typical drop test from 30m high building. 

 
The GPS was a key component in both the telemetry 

payload and the navigation sub-system. An integrated system 
with digital compass was used in order to select the adjusted 
heading towards the target location during the ground 
segment. 

 

 
Figure 8 CanSat hardware architecture 

 
 

Table 3 CanSat Hardware analysis 
Hardware Power (mA/V) Cost ($) 

Mbed 
(Microcontroller) 

12-5 V 80 

Barometer 12 mA 25 

Temperature 40 mA, 3.3 
V 

2 

Accelerometer  70 mA, 3.3 
V 

24 

Gyro 4.8 mA, 3.3 
V 

20 

Xbee 215 mA, 3.3 
V 

100 

GPS 70 mA, 5 V 60 

Magnetometer 80, 5 V 25 

Camera Stand alone 50 

 
 

  
Figure 9 CanSat altitude and camera results 

 
The equation used in calculating the heading angle relative 

to the north is as follows: 
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Where, Lgg is the longitude of the target, Lgc is the current 

longitude current, Ltg is the target latitude goal, and Ltc is the 
current latitude. 

 



And distance can be calculated as follows 
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Where, Re is the radius of earth 
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Google earth was used to visualize the trajectory of the 

rover as shown in Figure 10. 
 

 
2BFigure 10 GPS track for a successful trip 

 

III. NAVIGATION AND CONTROL OF THE ROVER-BACK 
CANSAT 

Navigation and control system is one of the most important 
modules of the object-R rover. This module is responsible for 
guiding the rover through the environment to reach the target 
point. In this section, the different parts of the navigation and 
control module are described, as well as the standard 
procedures for the control system. Basically, the control system 
of the object-R is comprised of two main layers. The first layer 
is a higher layer that guides the rover through the environment 
to the target point. The output of this higher level (which is 
mainly the direction to be taken to reach the target point) is fed 
into a second lower layer controller which basically controls 
the speeds of the wheels to achieve the required direction. 

In the high layer controller, the natural sequence of the 
control algorithm is that the higher layer controller uses the 
GPS module to detect the position of the rover, and then 
calculations are made in the MCU to know the direction from 
the rover vehicle to the target. 

In the lower level controller, the controller receives the 
calculated direction and tries to track it. The direction is 
continuously updated by a newer GPS sample. This takes place 
by controlling the speeds of the motors. The controller used in 
this lower level controller was a PD controller and the main 
sensors used were the digital compass and the gyroscope. 
Given a required direction to pursue, which is the angle 
converted to be relative to the magnetic north of the earth, the 
digital compass measures the difference in angle between the 
current heading and the required heading and this error is 
multiplied by a gain Kp to form a part of the control signal 
going to the motor. Moreover, the angular rate of rotation of 
the rover is measured using the gyroscope module and then this 

values is scaled by another gain Kd to form the other part of the 
control signal to be going to the motor. The control signal is 
then interfaced to the H-bridge module that regulates the 
effective voltage going to the motor through the PWM signals 
from the MCU. Table 4 lists all the hardware components used 
in the navigation and control. Figure 11 shows the general 
feedback control system of the rover-back CanSat. 

Table 4 Hardware and its function 
Hardware Function 
Micro 
controller 

Takes samples and assign the control action 

GPS Determine the location and speed 
Digital 
compass 

Determine the North, hence the heading 

Gyroscope Determine the angular rate of rotation 
H-bridge Control direction and speed of motors 

 

 
Figure 11 Feedback control system for the rover-back 

CanSat. 

IV. CONCLUSTION 
An advanced space engineering project for undergraduate 

students is presented. The project is multidiscipline and gives 
opportunities to the undergraduate students to experience the 
whole cycle of space developments project during a short 
period of time with affordable cost. Different subsystems of the 
whole project can be regarded as separate projects and assigned 
for dedicated teams. 
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