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EEL 4783: Hardware/Software Co-design 
with FPGAs 

Lecture 2: Overview: Digital Camera 
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Introduction 

•  Computer-based implementation 
–  GPP (General-Purpose Processor) 
–  SPP (Special-Purpose Processor) 
–  Memory 
–  Interfacing 

•  Designing a simple-yet-complete digital camera 
–  Special-purpose IPs 
–  Partitioning functionality among different IP cores 
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What is a Digital Camera? 

•  Functionality 
–  Capturing images 
–  Storing digital images (decoding/encoding) 
–  Processing digital images (encryption, digitally enhancing, 

zooming, …) 
–  Downloading images to PC 

•   Implementation 
–  Fixed and flexible components 
–  Software and hardware components 
–  Discrete and integrated components 

•  Feasibility 
–  System-on-Chip 
–  High-capacity flash memory 

FPGA CPU 
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Designer’s Perspective 

•  When shutter pressed: 
–  Image captured (CCD: Charge-Coupled Device) 
–  Converted digital format 
–  Compressed and archived in internal memory 

•  Transfer images to external platforms 
–  Attach camera to a PC 
–  Software to grab all images 

•  Desired properties 
–  High-end lens 
–  Image capturing speed 
–  Resolutions (how many pixels?) 
–  Editing capability 
–  Supporting format (raw, jpeg, tiff) 

CPU 
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Charge-Coupled Device (CCD) 

CPU 
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Zero-Bias Error 

•  Manufacturing error cause imaging cells to react 
differently to the same light intensity 

•  Error same across columns, different across rows 
•  Reference cells (left-most columns, blocked to detect 

zero-bias error) 

FPGA CPU 
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Compression 

•  Why compress images? 
–  Store more images 
–  Faster transmission 
–  JPEG (Joint Photographic Experts Group) 

•  Most popular format; different operational modes  

•  JPEG core algorithms   
–  Image data divided into blocks of 8x8 pixels 
–  Three steps for each block 
–  1) DCT (Discrete Cosine Transform) for compression 
–  2) Quantization 
–  3) Huffman encoding 

CPU 
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Facts about JPEG Compression 

•  JPEG stands for Joint Photographic Experts Group 
•  JPEG compression is used with .jpg and can be 

embedded in .tiff and .eps files. 
–  Used on 24-bit color files. 
–  Works well on photographic images. 
–  Although it is a lossy compression technique, it yields an 

excellent quality image with high compression rates. 

•  The JPEG standard is used in downloading graphics 
from the internet, in digital cameras, in medical 
imaging tools, and in many other interesting 
applications 

•  We will focus on a small portion of the algorithm-- a 
section called the Huffman decoder. 



9 

JPEG Encoding Flow 
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Steps in JPEG Compression 

•  (Optionally) If the color is represented in RGB mode, 
translate it to YUV.   

•  Divide the file into 8 X 8 blocks. 
•  Transform the pixel information from the spatial 

domain to the frequency domain with the Discrete 
Cosine Transform.    

•  Quantize the resulting values by dividing each 
coefficient by an integer value and rounding off to the 
nearest integer.  

•  Look at the resulting coefficients in a zigzag order.  
Do a run-length encoding of the coefficients ordered 
in this manner.  Follow by Huffman coding.  
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Example 
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Example 
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Example 
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Apply FDCT 
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Quantization 
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Archive Step 

•  Record starting address and image size 
–  Can use linked list 

•  How?  
•  Example 1 

–  Reserve memory for N addresses and N image-size vars 
–  Keep a counter for next avail. mem. addr. for next image 
–  Initialize addresses and image-size var. to 0 
–  As more images come in, update all counters 

•  Example 2 
–  Using linked list 

•  Tradeoffs? 



17 

Uploading to PC 

•  Connected to PC 
•  UART interface  
•  Issue commands 

–  Read images from camera memory 
–  Transmit bits serially using UART 
–  While transmitting 

•  Reset points 
•  Reset image size variables 
•  Reset global pointer according 
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Product Design Requirements  

•  Typical 
–  Performance 
–  Size 
–  Power 
–  Energy 

•  Design constraint 
–  Price threshold, profit margin 

•  Optimization 
–  Do the best 

•  Optimization vs. Constraints 
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Functional Spec in Flowchart 
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Functional Spec in Software Code 



21 

Final issues 

•  Come by my office hours (right after class)  

•  Any questions or concerns?  


