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Abstract- Future sub meter resolution cartographic missions carry advanced high resolution cameras capable of producing 
resolution of the images as small as 0.25m. The data rates of these satellites are as high as several Gbps. The transmission 
band width in which the data has to be sent to the ground stations is limited. Hence the data needs to be compressed suitably 
with a certain lossy compression algorithms which, minimizes the distortions. These satellites need to be designed with 
modular compression units to cater to high data rate requirements. For higher swath requirements there may be multiple 
units operating simultaneously stacked up together to handle several Gbps of image data. The board is getting designed is 
multilayer controlled impedance PCB which houses 2 million gate FPGAs, 16 mega bit memory modules and CCSDS image 
compression ASIC’s. The data interface with payload electronics is designed with Serializer/Deserializer interface. The 
functions carried out by this PCB include payload data acquisition, alignment and non-uniformity correction, wavelet based 
compression and CCSDS space packet formation, aux data formatting, transfer frame generation. This project also includes 
VHDL coding for the FPGA designs. 
 
Index Terms- ASIC, CCSDS, Deser, Cartographics, Scalable, Modular, Payload, BDH System 
 
I. INTRODUCTION 
 
Image compression is one of the source coding 
processes for the fewer information bits. It is most 
useful for reducing the consumption of the extensive 
resource and the spacing can be reduced and 
transmission bandwidth. For this the compression of 
images in our project cartographic satellite 
applicable. Cartographic means map making. 
Cartographic satellite is one of the main generation 
payloads of the IRS family of high resolution earth 
imaging cameras. It employs an array of detectors 
with optical butting to achieve wide swath in high 
resolution colored as well as black and white imaging 
[10].The cartographic mission is one of the state-of-
the-art high resolutions imaging system. Satellite 
images that supplies huge amount of information 
about categorized data and that can enhance the 
information can be done in the map. This mapping 
can be in the form of graphical exchanging of 
information that can be designed to transport the 
information to the environment. 
 
The main purpose of this is to work on the 
determining and understandings on the graphical 
phenomena that can be exist in spatial relationship. 
Mapmaker can produce the map that can be 
understandable by the map user. The surface of the 
earth can be observed by a great variety of satellite 
remote sensing system. For the current situation 
physical existence on the ground station that does not 
have cartographic information. The cost of the 
mapping can be done on basis of how much area 
covered. This project is not only restricted for this 
satellite we can use any satellite but our project is 

restricted only for this satellite. The advanced very 
high resolution payloads would be capable of 
obtaining images as small as 0.25m GSD. Payload 
data will be received by BDH through Ser-Deser 
interfaces. DWT based image compression ASIC is 
used in compression board design to bring down the 
volume of data. 
 
II. IMAGE COMPRESSION IN 
CARTOGRAPHIC MISSIONS 
 
Compression can be required for the cartographic 
satellites to reduce the storage and to reduce the 
bandwidth requirement. Compression can be a very 
important role in the payload image processing units 
for many satellites. For larger file size requires high 
degree of compression. Commonly used compression 
algorithm in the space system is wavelet compression 
algorithm for high data rates. An efficient 
compression algorithm not only reduces the data rate 
for real time transmission to ground but also reduces 
the storage requirements for onboard storage during 
non visibility of the spacecraft. For this the CCSDS 
recommended a standard using wavelet transform for 
effectively compressing the image data. CCSDS 
Recommended standard which is deriving standards 
for space to ground, space to space and ground to 
space communications which can ease 
interoperability and cross support across various 
space agencies. 
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Figure 2: Image compression system in cartographic mission 

 
2.1 Payload 
In this there multiple detectors butted together to 
achieve higher resolution. Camera will be having 64K 
pixels and it will capture 16km area in which the 
resolution will be 0.25m. The increased density of the 
pixels in the detector produce images .The payload 
operation using optics is as shown in figure 2.1. It 
consists of primary, secondary and tertiary mirrors. 
The captured earth image gets reflected to tertiary 
mirror, after reflecting on the tertiary mirror then 
image will focused to the detector. The PL processing 
unit collects the analog charge accumulated on the 
detector based on the intensity of light and converts 
to digital format. This data will be transmitted to the 
compression board which is a part of the BDH system 
with some control signals like WLSP and data_ valid. 
 

 
Figure 2.1: Payload operation using optics 

 
2.2 BDH System 
This system performs the functions of processing the 
digital Video/Science data received from the 

optical/microwave/science payloads of IRS/SS 
satellites and format suitably into digital data streams 
for transmission from the satellite to ground at data 
rates varying from tens of kbps to hundreds of Mbps 
depending upon the mission specifications. Key 
technologies in BDH systems are data compression, 
data encryption, formatting and channel coding.  

a) Data Compression: Data compression is 
provided to reduce the on board data storage, 
and transmission bandwidth requirements.  

b) Data Encryption: Data encryption is provided 
to prevent the unauthorized access to the 
remote sensing data. Data encryption is must 
as we go for high resolution imaging. 
Techniques used are stream ciphering, AES 
etc.  

c) Formatting: Various, individual, asynchronous 
payloads on board a space art can produce 
variable length of data packets at various rates, 
and these data packets can then be multiplexed 
together into a synchronous stream of fixed 
length coded transfer frames for reliable 
transmission to the ground. Transfer frames 
can be of hand crafted designs or according to 
principles like CCSDS. 

d) Channel coding: This coding allows lower 
overall bit error rate than compare to the 
uncoded system using the same energy per 
information bit. Popular channel coding 
techniques are RS codes, Convolution codes, 
turbo codes and LDPC codes.  

 
BDH system for this mission receives data from the 
payloads, compresses and formats it suitably with 
auxiliary data to be recorded. In this system it 
involves mainly compression board, Solid State 
Recorder (SSR) and Playback chain. 
 
In this system it will be having the 6 compression 
units to acquire the higher data rate. One modular 
compression board can handle higher data rates by 
duplicating the boards to meets the overall 
requirement. First level of formatting can be done 
before storing the data. The working of compression 
board will be explained in next section. 
 
After compressing and formatting the data gets 
recorded to SSR. This will stores the data and sends it 
to the playback chain whenever data has to be 
transmitted. Playback unit receives data from storage 
board, performs CCSDS formatting, encryption, 
channel coding and randomization and this will 
transmits through either X-band or Ka- band. 
 
III. COMPRESSION BOARD DESIGN 
 
This compression board is located in the BDH system 
in which schematic can designed by this the 
duplication of the other boards. The design flow of 
compression board is shown in Figure 3.1. 
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Figure 3.1: Compression board design 

 
This board is configured with 4 compression ASICs 
each can handle 4 channels, the total number of 
channels utilized are 16 channels. The quantization 
used for the cartographic satellite is 13 bits which is 
adequate for the purpose of satellite. Wavelet 
compression ASIC which can operate at maximum 
frequency of 50MHz and 4 such ASICs are used. So 
the total data rate is 4*50MHz*13bits=2600Mbps. 
The payload data interface can be done through 8 
DESER devices which includes 8M+8R. The board is 
designed with two chains and each chain has 4 
DESER interfaces. Either one or both chains will be 
configured to meet the data rate. There are two levels 
of alignment that need to be done. 
 De-multiplexing of Pixel multiplexed port 
data received from payload through SER/DESER. 
 Pixels which are getting shifted out in 
reverse order from payload to be rearranged to make 
a contiguous physical line. Line multiplexed port data 
need to be fed to compression ASIC. 
 
These operations are carried out in FEL FPGAs. 
Each package is configured with four compression 
board out of which three are functional and fourth is 
redundant. Even if a compression board fails, the total 
functionality of the package can be accomplished by 
rest of the three boards. This is possible because all 
the compression boards are functionally identical to 
each other. 
 
In the Powering scheme the DC/DC converters to be 
accommodated namely 3.3V (M/R), 5V (M/R). Either 
main set of converters or the redundant set of 
converters will used to power the Compression 
package. 3.3v converter will power two compression 
boards. 5V converter will power two compression 
boards and a controller board. Each compression 
board is powered using FET switch which provide 
board wise isolation in case of any board failure.  
 
After compression has been done in the ASIC space 
packets are generated by the ASIC to be recorded 
after formatting suitably. The space packet generation 
module generates CCSDS space packets complying 

with recommendation given in 122.0-B-1. The space 
packet format consists of Primary header followed by 
optional secondary header and then user data. 
Advantage with this formatting is, it allows 
formatting of byte aligned variable length user data. 
This board can be scalable only up to the data rate of 
2.6Gbps. Modularity can be achieved by the 
duplication of the board for the higher data 
requirement. But for the current project this board can 
be capable up to the specified data rate. The Record 
interface in which compressed data from ASICs is 
received one after the other as space packets. Partial 
transfer frames are generated from space packets and 
fed to SSR through SER interface at the rate of 
32MHz along with data valid through two SER 
devices. SPI protocol will be used for TM and TC 
data transfer from BDH Controller. SPI slave will be 
implemented in PB chain for TC data reception and 
TM acquisition. 
 
Auxiliary data which defines the attitude of the 
spacecraft during imaging is received through 1553 
interface from On Board Computer. This data is 
required to locate the imaged scene of the earth. This 
data include information about the space craft 
position sensors (SPS), Attitude and Orbit Control 
System (AOCS) and Fine Rate Gyro (FRG). Single 
board can be capable to handle less data requirement. 
To achieve higher data rate multiple number of 
boards are required. The 32MHz frequency is 
required for the 2 SER devices. This board has a 
provision to bypass the compression for the image 
data. This mode is used for diagnostic purposes and 
to derive the NUC coefficients as the detector 
characteristics change because of ageing. 
 
IV. FPGA IMPLEMENTATION FOR 
PAYLOAD DATA PRE-      PROCESSING 
 
The design flow is created for implementing the 
complex FPGA. The implementation for the FPGA 
can be designed using the software model Actel 
Libero IDE v8.0 and the simulations where 
performed using ModelSim. FPGA implementation 
for the payload data in this current project mainly 
based on the pre-processing techniques. There are 4 
pre-processing technique namely, 

i) Data acquisition 
ii) De-multiplexing 
iii) Data Alignment 
iv) Non-Uniformity Correction 

 
Each FPGA will be having detector using internal 
memory the data can be aligned. The detector will be 
having 2680 pixels and how the data can be taken 
care. The flow from detector to FPGA through the 
DESER devices the multiplexing/De-multiplexing 
can be carried out. How the detector can detect the 
image pixels that can be carried out for the 2 chains 
in the forward and reverse direction is as shown in 
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Figure 4.1. The working procedure for the payload 
data pre-processing can be shown in the flow chart. 
The detector pixels are divided into 8 ports. Each port 
generates the data at 10MHz frequency operation. 
The acquired data is written into memory to carryout 
pixel alignment. These FPGAs receive data either 
form PAN or MX payloads. 
 

 
Figure 4.1: Detector data from the payload 

 
Steps: Pre-processing algorithm steps are as follows 
 

1. 15 bit DESER data, deser clock, wlsp and 
datavalid are the inputs that are passed to the 
FPGA.  

2. The FOGA receives data from 2 DESER 
devices in case of PAN and four ports of 
data is received through one deser device. 

3. 11 bit image data is packed into 15 bits by 
the payload to reduce the rate. 

4. 15 bit DESER data, deser clock, wlsp and 
datavalid are the inputs that are passed to the 
FPGA.  

5. The FPGA receives data from 2 DESER 
devices in case of PAN and four ports of 
data is received through one deser device. 

6. 11 bit image data is packed into 15 bits by 
the payload to reduce the rate. 

7. 15 bit to 11 bit unpacking is done and pixel 
data is stored into memory port wise. 

8. Two sets of memories are used for ping 
pong operation as the input data is 
continuous. One memory is in read mode 
and the other is in write mode. 

 

 
Figure 4.2: Flowchart for the data alignment 

9. After completing the write operation for one 
line. Data is read back in such a way to read 
the data in aligned fashion. 

10. Address generator module generates the write 
and read addresses for the memories. 

 
Memory operation for the payload process: 
The memory operation can consist of the writing and 
reading data and address generation for the number of 
block RAM. 
 
Algorithm: Memory operation techniques 
 

1. Reading and writing the 11 bit data, address 
and enable signals are required for this 
operation. 

2. Each memory consists of the 2 block RAM for 
this and it consist of the read and write enable 
signals for the ping-pong operation. 

3. Whenever the write_enale1 the wpinpong is 
valid ping memory is operated or else it pong 
memory is operated. 

4. Whenever the read_enable1 the rpingpong is 
valid for the read data from ping memory 
otherwise the read_enale2 will be valid from 
pong memory. 

5. Memory operation is achieved by instantiating 
the block rams inside the FPGA. 

 
Read address generation the memory operation: 
The address generation for reading the data and 
address generation can be carried out in this 
operation. 
 
Steps: Algorithm for the read address generation for 
the memory operation as follows 
 

1. Reads address is generated to read the data 
from block rams. Since the data is written in 
memory in odd and even and forward and 
reverse direction, address generation logic 
needs to jump alternate locations and up 
counting and down counting to read the data 
from  forward or reverse direction.  The 
controls signals are generated using wlsp and 
data valid. 

2. Read operation is carried out whenever the 
start  pulse is valid the read window is also 
valid for the particular duration. 

3. Start up pulse is required for the reading the 
data from the memory. 

4. Counting the pixels value for 2680 pixels for 
the read generation only when the enable 
signal is valid. 

5. Counting the pixels data for the divided 
number of ports in even and odd format for 8 
numbers of ports. 

6. Read address generation consist of 10 bit 
format for the read data for the counter 
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generation of the 2680 pixels in the divided 
format. 

7. Output data is mapped for the input data for 
number of ports whenever the enable signal is 
valid. 

 
De-multiplexed deser data for mapping operation: 
The instantiation for the de-multiplexed data can be 
carried for the 2 LVDS data and the read data 
generation. The instantiation can be done for mapping 
the data for all the above signals. How the deser 
Demultiplexed data can be done in the mapping. 
 
V. RESULTS AND DISCUSSION  
 
The synthesized simulation result for the aligned data 
as shown in the figure 5.1.  
 

 
Figure 5.1: Synthesized simulation for the data alignment 

 

 

 

 

 
 

 
Figure 5.2: ChipPlanner for the pre-processed data 

 

 
Figure 5.3: I/O Attributes for the pre-processing. 
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Figure 5.4: Static Timing Analyzer Pre-Processed Data 

 
CONCLUSION AND FUTURE WORK 
 
This paper presents the following conclusions 
 A Multilayer high speed compression board is 

designed for high resolution payload data, this 
board can handle payload data of 2.6Gbps and 
this board is designed in such a way that the 
design is standardized, configurable, scalable 
and modular. 

 One board can handle 16k image width and 
maximum of 16 channel and data rate up to 
2.6Gbps.  

 Netlist for PCB design is generated which can 
be loaded into any of the layout design tools 
for PCB routing and fabrication process. 

 FPGA implementation for demultiplexing and 
data alignment is carried out.  

 FPGA design is simulated, synthesized and 
PAR is done using microsemi libero software 
and the reports are generated for utilization and 
static timing analysis. 

For the future work for the paper should the 
following works. 
 Non-Uniformity correction implementation 

after alignment using external memories 
 Acquiring the compressed data from ASICs 

and formatting the data using CCSDS 
recommended protocols. 

 Arbitration logic to acquire data from four 
ASICs. 

 Formatting the Aux data. 
 SPI slave implementation in FPGA3. 

 
REFERENCES 
 

[1] Samadrita Mukherjee, Anirban Mukhopadhyay,   
Ashutosh Brardwaj3 Arun Mondal4 Sananda Kundu, and 
Sugata Hazra, “Digital Elevation Model Generation and 
Retrieval of Terrain Attributes using CARTOSAT-1 
Stereo Data”- International Journal of Science and 
Technology Volume 2 No.5, May 2012.   

[2] Sharizal Fadlie Sabri, Salwani Mohd Daud, Suriani Mohd 
Sam, Kamilia Kamardin and Nor‟asnilawati Salleh, 
“Implementation of Security in Computer Designated 
Mode System”- IEEE journal of selected topics in applied 
earth observations and remote sensing , March 2014. 

[3] D.R.M. Samudraiaha, Manish Saxenaa, Sandip Paula, P. 
Narayanababua, Saji Kuriakosea, A.S. Kiran Kumara, 
“Payload configurations for efficient image acquisition – 
Indian perspective” The International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information 
Sciences, Volume XL-8, 2014.  

[4] Rajeev Kumar Jaiswal1, A. Arunachalam1 and P.G. 
Diwakar. “Potential of High Resolution Satellite Data for 
Human Population Estimation’’ - Asian Journal of 
Geoinformatics, Vol.15, No.1 2015.  

[5] Erick LOPEZ-ORNELAS, Florence SEDES,           
“Cartographic Elements Extraction using High    
Resolution Remote Sensing Imagery and XML Modeling” 
IGARSS 2008.  

[6] “High Speed Digital Design”- A Hand book of  Black 
Magic Howard W. Johnson 3rd edition. 

[7] Dauglas L. Perry “VHDL coding” 4th edition.  
[8] “Preliminary Design Review Document of Base Band  

Data Handling System for Cartographic satellite”- DHSG 
Group Volume.1 January 2016.  

[9] “Preliminary Design Review Cartographic satellite for 
payload”- DHSG Group Volume.2 December 2015.  

[10] CARTOSAT-1 data user‟s handbook of National Remote 
Sensing Agency.  

[11] “Image data compression” Report concerning space data 
system standard, CCSDS 122.0-B-1 Blue Book November 
2005.  

[12] “AOS Space Data Link Protocol”- Recommendation for 
space data system standard, CCSDS 732.0-B-2 Blue Book 
July 2006.  

[13] www.aeroflex.deserializerdatasheet.com.  
[14] www.escc.productdatasheet.com. 
[15] www.texas.com/productcontent. 

 
 
 
 
 
 
 
 

 
 


