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Abstract—PISAT is a pico- satellite adhering to cubesat 

standards being designed and developed by students at PES 

Institute of Technology, Bangalore. The PISAT On-Board 

Computer (OBC) is based on a 32-bit Atmega AVR 

microcontroller-AT32UC3A0512. PISAT carries an imaging 

payload, Gomspace Nanocam C1U that uses CSP enabled I2C 

Serial Communication Protocol in multi-master mode to 

communicate with the OBC.  This paper proposes a test system 

for the payload that is to be used in both bench and 

environmental testing. The test system simulates payload and 

OBC enabling independent testing of both OBC and payload. 
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I. INTRODUCTION 

 

A. Overview of PISAT 

PiSat is a low cost Three Axis Stabilized Imaging 
Satellite. It has one payload namely the GOMSPACE 
Nanocam. It is 3 axis stabilized with active magnetic control. 
It uses S-band for communication with ground station. An 
AVR 32 microcontroller is used as the On-board Computer 
OBC. The dimensions of the satellite are 254 x 256 x 181 
mm.  

 

B. On-Board Computer  

AT32UC3A0512, an Atmel AVR 32 bit microcontroller 
is used as the OBC for PiSat. It has onboard a 512KB 
EEPROM. It uses a round robin algorithm with a period for 
one major cycle being 128 ms. The OBC also uses a watch 
dog timer to prevent time out in any of the minor cycles  
Fig. 1. shows the execution sequence of all the Minor cycles 
on the OBC. 

 

C. Payload- GOMSPACE Nanocam C1U 

The Nanocam C1U, manufactured by GOMSPACE is an 
off the shelf camera subsystem for pico-satellite 
applications.[8] The C1U systems have been designed 

specifically for low-cost Earth observation missions using 
the cubesat standard and the whole system, together with 
other required platform systems, can be accommodated in a 
1U cubesat. It has a 3MP 10 bit color CMOS based sensor 
and acquires the image at a resolution of 
2048Hx1536Vpixel. This covers about 165 km x 125 km for 
80m resolution per pixel. The imaging CMOS sensor with 
frame rate of 12fps, gives a total capture time of 83.3msec. 
The Nanocam uses CSP enabled I2C Serial Communication  

 
Fig. 1. Execution sequence of Minor Cycles 
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Protocol in multi-master mode to communicate with the 
OBC for command and data transfer. The processor on the 
payload has the following specifications 

 210 MIPS processor 

 32 MB on board RAM 

 2GB solid state storage 

 JPEG compression 

Nanocam runs on free RTOS and supports FTP for data 
transfer.  OBC runs on custom Real Time Executive (RTE) 
developed by Students at PESIT. Since providing support for 
FTP on OBC is non trivial, GOM Space provided a new 
firmware on Nanocam that allows access to memory on 
Nanocam using CSP protocol. Fig. 2. shows the format of 
the CSP header used in all the commands to the Payload. 
The OBC can directly download compressed image from 
payload using CSP commands. OBC has the ability to take 
pictures in real time or at any location in satellite orbit 
trajectory using time tagged commands. 

 

II. DESIGN CONSIDERATIONS FOR THE SYSTEM 

 
Robust testing of every component in the satellite before 

its commissioning is vital for the reliability of the system and 
also a necessity for approval from various statutory 
organizations like the Indian Space Research Organization 
(ISRO) associated with the project. Hence test system 
needs to be able to completely simulate all the functionalities 
of the OBC and the Payload relevant to the application to 
ensure fool proof testing of the on-board system. Also the 
exact command and response format has to be implemented 
in the test system. 

The proposed test system has 3 components: an OBC 
simulation module, a Payload Simulation module and a front 
end user application. The OBC simulation is used for testing 
payload and vice versa.  

The communication interface between the OBC and the 
payload is via Inter-Integrated Circuits (I2C) which is a serial 
communication protocol. It supports communication 
between multiple devices connected to the same bus of two 
lines (data and clock) and data transmission speeds upto 
400kbps. All commands and their responses are sent using 
this interface. 

 

The destination port in the command decides the function 
of the command. Each command has a unique destination 
port. Arduino UNO has standard I2C speed of only 100 kHz. 
The Wire Library had to be modified to achieve a speed of 
400 kHz which is necessary for our application. [3] The buffer 
size for I2C in Arduino also had to be increased in order to 
receive commands that were larger than the default buffer 
size of 32 bytes. This was achieved by modifying the Wire 
Library and the TWI library. [4] 

The OBC operates in master mode when it sends the 
command to the Nanocam. The Nanocam is in master mode 
when it responds to the OBC forcing the OBC into slave 
mode. Hence the test system needs to be designed in multi-
master mode. 

 

III. PARTS OF THE TEST SYSTEM 

 
The test system uses Arduino UNO Boards to simulate 

the functions of the OBC and Payload. It uses a front end 
application to allow communication with the OBC and 
Payload. While testing the OBC the Arduino simulating the 
payload is used and the front end application communicates 
with it. Similarly when the Payload is tested the Arduino 
simulating the OBC is used with the front end application 
communicating with it. Since the voltage levels of the actual 
system and test system are different a bi-directional Level 
translator is used. [6][7] 

 

IV. FRONT END APPLICATION 

 
The front-end application is designed and developed 

using Microsoft Visual Basic. [9] VB is an event driven 
programming language. This means that there are many 
trigger events and each event triggers the execution of an 
associated block of coded. This is unlike the sequential 
programming language where each line of code is executed 
one after the other. 

This application allows the user to initiate the testing and 
view test results. It also aids in the successful simulation of 
the Payload and OBC by providing a platform for 
communicating with the two Arduino boards that are 
simulating the OBC and Payload.The Arduinos are 
connected to the system where the application is running via 

 

Fig. 2. CSP Header Format[1] 
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USB at a 9600 baud rate. The application reads the data from 
the corresponding ports and responds accordingly. It 
provides button controls to initiate testing of the Payload 
commands and to view test results in the form of the 
received image. The application allows serial port 
communication with the Arduinos that are simulating the 
functions of the OBC and Payload. Fig. 3. shows the screen 
shot of the front end application.  

 

V. COMMANDS TO THE PAYLOAD 

 
The OBC uses four major commands while 

communicating with the Nanocam.  The commands follow 
the Cubesat Space Protocol or CSP and hence, every data 
transmission has a 32-bit header. The four major commands 
that the OBC uses while communicating with the payload 
are: Snap, Store, List and Peek. 
 

A.  Snap Command 

The Snap command is the first command sent to the 
Payload from the OBC. This command instructs the Payload 
to snap a picture.The command is built using the CSP format 
as 0x0A, 0x62, 0x00, 0x00. A successful snap reply will 
output to the screen the first 50 bytes of the received buffer. 

 

B. Store Command 

The Store Command instructs the Payload to compress 
the image snapped and store it on the Payload system. It is to 

be recalled that the Payload has 2GB solid storage capacity. 
The CSP header for the Store Command is 0x0A, 0x62, 
0xC0, 0x00. This is followed by the Command which 
includes information such as image type, image name, etc. 

An example Store Command is 
0x0A,0x62,0xC0,0x00,0x00,0x02,0x01,'p','1','.','j','p','g’ with 
‘p1.jpg’ as the name of the image. 

 

C. List Command 

The List Command is issued by the OBC to retrieve 
information about the image such as Image Type, Length 
and Base Address. The CSP Header used for the Camera List 

 

Fig. 4. Testing of OBC 

 
 

Fig. 3.  Screen Shot of the Front End Application named PISAT OBC-Payload I2C Interface Testing 
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Command is 0x0A, 0x61, 0xC0, 0x00. The payload replies 
to this list command. An example for List reply is 
0x0C,0x50,0x0B,0x00,0x01,0x11,0x8F,0xA3,0xA0,0x00,0x
00,0x58,0xCE. 

 

D. Peek Command 

The OBC requests only 119 bytes of image data at a 
time. After it receives the image length and base address it 
decides how many peek commands must be sent to receive 
the entire image. Each time the peek command is issued the 
base address is incremented to retrieve the next set of 119 
bytes. The CSP header for Camera Peek Command is 0x0A, 
0x60, 0x00, 0x00. An example peek command is 
0x0A,0x60,0x00,0x00,0x04,0x11,0x8F,0xA3,0xA0,0x78. 
The peek command can vary the number of bytes it requests 
from the payload. In our application we always request for 
119 bytes of data. 

 

VI. TESTING OF OBC 

 
The testing of the OBC is achieved by interfacing it with 

an Arduino that is simulating the Payload instead of the 
actual Payload itself. The Hardware interface for testing the 
OBC is shown in Fig. 4. While testing the OBC, the testing 
is initiated by the OBC. 

The sequence of commands issued by the OBC are Snap, 
Store, List and Peek. The Arduino has the address 0x06 and 
the OBC assumes the address 0x05. 

 

A. Snap Command Testing  

Once the Arduino is initialized, it waits for any command 
from the OBC on the I2C line. The OBC issues the Snap 
command on the I2C SDA line. When the Arduino receives 
the command it checks what command it has received. On 
realizing it is the snap command it sends the character 'a' to 
the system on which the application is running via USB. 

When the character is received in the Serial Port on the 
system the application reads it. On receiving the character is 
'a' it displays a message to the user "Snap Command is 
received". The Arduino sends 50 bytes of data to OBC to 
simulate the payload’s reply. 

 

B. Store Command Testing  

After the Snap command is received, the Arduino waits 
for the next command. The OBC writes the Store Command. 
On receiving this command the Arduino writes a character 

’s’ to the system. The Application on receiving’s’ displays a 
message to the user- "Store Command is received". The 
Arduino sends 50 bytes of data to OBC to simulate the 
payload’s reply. The Application then reads a test image that 
is stored in the system and sends the length of the image in 
bytes.  The Arduino reads the length, divides and stores it as 
four bytes. These bytes are embedded into the result to be 
sent after receiving peak command. After this it sends the 
first 119 bytes of image data to the Arduino. The Arduino 
stores this data in an array. This information is sent to the 
Arduino so it can respond to the next set of commands sent 
from the OBC. 

 

C. List Command Testing  

The OBC writes the List Command to the Arduino. On 
receiving the List command the Arduino replies the 
necessary information about Image such as length, base 
address and Type in the CSP format. The Arduino assumes 

the master’s role while sending the result similar to the 
payload.  It also sends character 'l' to the system on which the 
system displays "List Command is received”. 

 

D. Peek Command Testing  

After replying to the List Command the Arduino once 

 
Fig. 5. Confirmation on receiving Store Command  

 

 
Fig. 8. Confirmation on receiving List Command  

 

 

Fig. 6. Confirmation on receiving first Peek Command  

 

 

Fig. 7. Confirmation on receiving Snap Command  
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again assumes the slaves role and waits for the peek 
command. On receiving the peek, the Arduino sends the 
previously stored 119 bytes of image data preceded with the 
CSP header. Arduino then writes ‘d’ to the system, on which 
the application displays “Download Command received” 
during the first iteration. The Arduino writes ‘s’ to the 
system requesting for the next 119 bytes and stores it. This 
process iterates until all the image data is sent to the OBC. 
The data received at the OBC is verified and the image is 
reconstructed. 

 

E. Verification 

The image transmitted is reconstructed from the telemetry 

data obtained from the OBC and compared with the 

original. 

 

VII. TESTING OF PAYLOAD 

 
The testing of the payload is achieved by interfacing it with 
an Arduino that is simulating the OBC instead of the actual 
OBC itself. The Arduino simulates all the commands and 
delays of the OBC.The Hardware interface for testing the 
OBC is shown in Fig. 9. While testing the payload the testing 
is initiated by the Arduino controlled from the Front End 
Application. 

 

 

A. Testing of  Snap Command 

On pressing the ‘Snap’ button in the user application, the 

snap sequence is initiated. The value ‘1’ is written on to the 

Arduino simulating OBC. The Arduino identifies this value 

and initiates the testing. The snap command is send to the 

Payload in the CSP format. On receiving the command the 

payload snaps a picture and sends the first 50 bytes of image 

data of the picture snapped. This data is read by the Arduino 

and discarded as the OBC does the same. 

 

B. Testing of  Store Command  

The Store Command in the CSP format is send following 

the Snap Command. Apart from the header the command 

also specifies the format in which the picture needs to be 

stored and the name for the stored image. A delay of 90 

seconds is provided between the Snap and the Store 

Command as per the payload specification. 

 

C. Testing of  List Command 

The list command in CSP format is send following the Store 

Command. A delay of 119 seconds is provided between 

Commands as per the payload specification. This delay is 

provided to give the payload enough time to compress and 

store the snapped image after the store command. The reply 

for the list command from the payload is read by the 

Arduino. The base address of the location at which the 

image is stored and the length of the image is obtained from 

this reply. The no. of peek commands that need to be sent is 

calculated by dividing the image length by the size of each 

packet of data to be received. 

 

D. Testing of  Peek Command 

The Peek Command testing is initiated by pressing the 

“Download” button on the application. This writes the 

character ‘2’ to the Arduino. On reading this, the Arduino 

sends a peek command using the base address obtained from 

the result of List Command requesting for the first packet of 

119 bytes of image data. The reply from the payload is read 

by the Arduino and written on to the application after 

separating the header. The application stores this image data 

in an array. Following this, the base address in Peek 

Command is incremented to point to the next pack of data 

and the command is sent. This process iterates until all the 

image data is read from the payload and stored in the 

application.  

 

E. Verification 

The application displays the message “Image Received” 

when all the image data is received. This is determined 

based on the length of the image received from the reply to 

the List Command. The snapped picture can be viewed by 

pressing the “View Image” button in the application. 

 
 

 

CONCLUSION 

 
The test system that was designed and developed was 

verified thoroughly for its functionalities. The system 
allowed independent testing of OBC and Payload. The 
system will be used for bench and environmental testing 
before the integration of the satellite into the launch vehicle.  

 
Fig. 9. Testing of Payload 
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Some of the limitations of the system include 

 Baud rate of the serial communication between 
Arduino and computer limits the speed of I2C 
communication while testing.   

 Insufficient memory on the Arduino board restricts 
the entire image data being stored in the board. 
 

Both these problems may be solved if the Arduino 
simulating the Payload is integrated with an SD card. This 
way the entire image may be stored on the Arduino with just 
one serial transfer. This reduces the delays caused by 
successive transfer of data over serial bus.  

 

ACKNOLEGMENTS  

 

We are extremely grateful to Crucible of Research and 
Innovation for the confidence bestowed in us and entrusting 
our project entitled "Test System for PISAT". We are very 
grateful to Prof. K. N. Balasubramanya Murthy, Principal 
and Director, PES Institute of Technology, for fostering an 
excellent academic climate in PESIT. 

A Special note of thanks to all the Research Assistants 
Mr. Yogesh M, Mr. Sujith Kumar SB and Mr. Raman 
Gouda, who worked with us on the project and helped us 
with the equipment at the PISAT testing and integration Lab. 

 

REFERENCES 

 

[1] Fig. 2. is taken for reference from 
http://en.wikipedia.org/wiki/Cubesat_Space_Protocol 

 

[2] http://www.i2c-bus.org/ 
 

[3] http://forum.arduino.cc/index.php/topic,16793.0.html 
 

[4] http://forum.arduino.cc/index.php?topic=54439.0 
 

[5] http://arduino.cc/en/reference/wire 
 

[6] http://playground.arduino.cc/Main/I2CBi-directionalLevelShifter 
 

[7] Texas Instruments Dual Bidirectional I2c Bus And  
Smbus Voltage-Level Translator- PCA9306 Datasheet 
 

[8] GOMSPACE Nanocam C1U datasheet 
 

[9] http://en.wikipedia.org/wiki/Visual_Basic 

 

 

 

 

 

http://en.wikipedia.org/wiki/Cubesat_Space_Protocol
http://www.i2c-bus.org/
http://forum.arduino.cc/index.php/topic,16793.0.html
http://forum.arduino.cc/index.php?topic=54439.0
http://arduino.cc/en/reference/wire
http://playground.arduino.cc/Main/I2CBi-directionalLevelShifter
http://en.wikipedia.org/wiki/Visual_Basic

