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ABSTRACT 

 

In this paper, we develop a miniaturized real time video compression module (VCM) based on 

embedded motion JPEG 2000 using ADV212 and FPGA. We consider layout of components, 

values of damping resistors, and lengths of the pattern lines for optimal hardware design. For 

software design, we consider compression steps to monitor the status of the system and make 

the system robust. The weight of the developed VCM is approximately 4 times lighter than the 

previous development. Furthermore, experimental results show that the PSNR is increased 

about 3dB and the compression processing time is approximately 2 times faster than the 

previous development. 
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1. INTRODUCTION 

 

MPEG and H.26X are video compression standards used in video compression and 

transmission system. However, previous video compression standards are unsuitable for 

wireless channel because of the weakness in error resilience while they have excellent 

compression performances. JPEG 2000 is a static image compression standard made by the 

ISO/IEC. It supports loss or lossless image compression, progressive transmission based on 

image quality or resolution, region of interest (ROI) description. Also, it supports random code 

stream access and process, robustness to bit-errors, open architecture, side channel spatial 

information, multichannel image format, etc. The basic structure of JPEG 2000 encoder consists 

of Preprocessing, Discrete Wavelet Transform, Uniform Quantizer, Adaptive Binary Arithmetic 

Coder, and Bit stream Organization. Due to DWT, the image compression efficiency has been 

increased up to 30 percent comparing to JPEG [1]-[5]. 

 

Motion JPEG 2000 is a dynamic video compression standard with inter-frame independent 

compression technology based on JPEG 2000 standard. It gets a greatly increase in the error 

resilience capability and reduces the delay of compression encoding [6]. Therefore, we design 

a Video Compression Module (VCM) based on embedded motion JPEG 2000. 
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Our proposed VCM supports the real time compression and transmission of video signal and 

satisfies the requirements of military environment tests [7][8]. It is basically constituted of both 

ADV212 which are single-chip video compression codec and FPGA for data control. We reduce 

the weight lighter than the previous development [9] using DSP and ADV212 (previous 

development : 500g, proposed module : 76g) and enhance the processing delay 2 times faster 

(previous development: 230ms, proposed module : 100ms). Also, the proposed VCM is lighter 

than the previous development [6] using ADV212 and FPGA (previous development: 300g, 

proposed module : 76g) and 3 times faster (previous development: 300ms, proposed module : 

100ms) than it.  

 

This paper is organized as follows. Section 2 describes hardware design of the proposed VCM. 

Section 3 describes the software design of the VCM and Section 4 gives experimental results 

for the proposed module. Finally the conclusions are given in Section 5. 

 

 

2. HARDWARE DESIGN  

 

The VCM weighs 76g and consumes current approximately 800~850mA(+5V). Fig. 1 and Fig. 

2 show the block diagram and the component interface of the VCM.  
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Fig 1. Block diagram of the VCM 
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Fig 2. Interface of the VCM 

 

In order to interface the video and the telemetering data, we have used the Multi Airborne Video 

Telemetry Data Module(MAVTDM). The flow of the data interface is as follows. First, analog 
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NTSC signal is decoded to 10bit digital data using a video decoder chip(ADV7189) with anti-

aliasing filter. A video compression chip(ADV212) receives the decoded data from ADV7189 

via VDATA bus. The ADV212 compresses the decoded data and sends the data to FPGA via 

HDATA bus. Then, FPGA sends the compressed video data to MAVTDM via 16bit FIFO 

interface. After merging and serializing the telemetering data and the compressed video data, 

MAVTDM transmits them to the ground station using RF channel. Fig. 3 shows the real feature 

board of the developed VCM. 
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Fig 3. The developed VCM  

 

Ground equipment receives RF signals and Multi Ground Video Telemetry Data Module 

(MGVTDM) separates them as the telemetering data and the video data. Then a video 

decompression module (VDM) decompresses the video data and encodes it into the analog 

NTSC signal. ADV212 and a video encoder chip(ADV7301) are used for decompression and 

encoding respectively. Fig. 4 shows the block diagram of the video decompression module. 
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Fig 4. Block diagram of the VDM 

 

 

2.1 FEATURES OF HARDWARE COMPONENTS 

 

The VCM consists of ADV7189 and ADV212 from Analog Device company. ADV212 is a 

single chip JPEG 2000 codec for video and image compression applications. ADV212 chip is 

capsulized in 13mm BGA package and it provides a pixel interface(VDATA bus) and a HOST 

interface(HDATA bus) [10][11]. The pixel interface is for I/O of the input video signal and the 
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HOST interface is for transmission of the compressed video data. Also, FPGA(SPARTAN3 

XC3S400) released by Xilinx company and FIFO(IDT72V285) released by IDT company are 

used. The FIFO is used for data interface and it has 65,536 ⅹ 18 memory and its read/write 

cycle time are 10ns and 6.5ns. Oscillator(SCO-103) from SUNNY company is used (50MHz 

clock is used for FPGA system clock and 27MHz clock is used for ADV212, ADV7189). Fig. 

5 shows the structure of ADV212 and Table 1. shows the specifications of FPGA. 

 

 

Fig 5. ADV212 core architecture 

 

Device 
System 

Gates 

Logic 

Cells 

Distributed 

RAM Bits 

Block 

RAM Bits 
USER I/O 

XC3S400 400K 8,064 56K 288K 141 
 

Table 1.  Specifications of FPGA 

 

 

2.2. OPTIMAL HARDWARE DESIGN  

 

When designing hardware of the VCM, we find problems causing processing delay or 

malfunction of the system. Therefore, we propose three optimal designing methods to solve 

such problems. We especially consider the layout of components, values of damping resistors, 

and the lengths of the pattern lines for optimal hardware design. 

 

 

2.2.1 OPTIMAL DESIGN USING COMPONENT LAYOUT  

 

Fig. 6(a) is an example of the poor layout of the components. Lengths of data bus lines between 

each component affect processing time and performance of the module. In order to exclude 

factors that affect processing time delay, we consider not only the flow of data but also the 

layout of components as shown in Fig.6(b). In this development, we experimentally prove that 

it is important to remove factors that affect data transmission for satisfying processing time 

requirements. We recommend considering the layout of components to reduce processing delay 

when designing other hardware application modules. 
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(a)                                        (b) 

Fig 6. Layout of the components; (a) poor layout of the components, (b) optimal layout of the components 

 

 

2.2.2 OPTIMAL DESIGN USING DAMPING RESISTOR 

 

Damping resistor is placed across a parallel resonant circuit or in series with a series resonant 

circuit to remove noise and control impedance. When the high frequency data occurred onto 

the line, it is hard to match the impedance. Therefore, it is important to find the adequate value 

of resistor to generate clear signals. 27MHz signal of ADV7189-LLC is a video clock for data 

interface between ADV7189 and ADV212. Fig. 7 shows analog noise occurs when we use the 

resistor less than 33ohm in the video clock line. Therefore, we have used 33 ohm in our 

proposed VCM to remove noise for reconstructed video data. Fig. 8 shows a circuit diagram 

using 33ohm resistor.  

 

           
Fig 7. Noise occurred in reconstructed video signal         Fig 8. Circuit diagram using 33ohm resistor  

 

 

2.2.3. OPTIMAL DESIGN USING LENGTH OF THE PATTERN LINES 

 

The most important part in hardware design of the VCM using ADV212 is an interface between 

ADV7189 and ADV212. The variation of the length of each signal line from ADV7189 to 

ADV212 should be short. If the length of signal line is different, an interrupt request signal is 

not generated from ADV212, so that ADV212 determines the data is not coming from 
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ADV7189 and waits continuously. Fig. 9 shows the example of the pattern lines that the 

difference among the signal lines were minimized. Table 2 shows the length of synchronization 

signal (FIELD, HSYNC, VSYNC), VCLK(ADV7189-LLC27MHZ) and VDATA(7189-P0~P9) 

lines in the VCM.  

 

 
Fig 9. Example of the pattern lines                   Table 2.  Length of the pattern lines 

 

 

3. SOFTWARE DESIGN 

 

Due to the abnormal input video signal caused by noise, error would be occurred in vertical 

synchronization. When such error occurs, ADV212 does not generate the interrupt request 

signal and gets into idle states. To solve this problem, the FPGA program in the VCM checks 

status of each compression step. The FPGA program checks five steps; Power on step, 

Initialization mode step, Search input VIDEO step, Operation mode step, and Interrupt service 

routine step as shown in Fig. 10. 

 

 
Fig 10. Status diagram of the VCM 

Line name Length of line(mm) 

FIELD-7189 31.63 

HSYNC-7189 31.64 

VSYNC-7189 31.63 

7189-LLC27MHz 31.67 

7189-P0~P9 31.77~31.19 
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In the Power on step, the program resets the VCM. In the Initialization mode step, the program 

checks firmware loading of ADV7189 and ADV212. If the firmware was not initialized, the 

program waits on at the initialization mode step. In the Search input VIDEO mode step, the 

program checks an input of video signal using Bit0(IN_LOCK) value in Status1 register of 

ADV7189. If the Bit0 value is 0, the program waits on input video signal. If the Bit0 value is 

1, the program moves to the Operation mode step. The vertical synchronization information is 

used to recognize the video signal. In the Operation mode step, ADV212 compresses the video 

signal and sends both the interrupt request signal and the compressed data to the FPGA. And 

then, the program checks Bit0 value in Status1 register frequently. If the Bit0 value is 0, the 

program moves to the Initialization mode step and resets the module. In the Interrupt service 

routine step, whenever the interrupt request signal comes from ADV212, the FPGA writes the 

video data to the FIFO(IDT72V282) which is an interface with MAVTDM. Fig.11 shows the 

flow chart of the VCM. Ultimately, the VCM works stably even though the abnormal vertical 

synchronization is occurred by checking the status of each step [12]. 

 

 
Fig 11. Flow chart of the VCM 

 

 

4. EXPERIMENTAL RESULTS 

 

In order to prove the reliability for the military usage of this development, we examine the 

environmental test(MIL-STD-810G) and EMI test(MIL-STD-461F). Also, in order to evaluate 

performance of the proposed VCM, we performed an experiment as shown in Fig. 12. 
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Fig 12. Equipment diagram for experiment 

 

We made the input video signal including frame count onto the video scenes to distinguish each 

frame and transmitted both the telemetering data and the compressed video data to a test 

equipment. The VDM in the test equipment decompressed the compressed video data received 

from the telemetry. We recorded the input video signal and the reconstructed video signal at the 

same time as shown in Fig. 13, and compared frame count to calculate processing delay. 

Furthermore, we calculated the Peak Signal to Noise Ratio (PSNR) using the input and the 

reconstructed video signal and compared performance between the proposed VCM and the 

previous development using DSP and ADV212. 

 

 
Fig 13. Recorded video signal 

 

Because Frame per Second (FPS) of NTSC signal is 30, the delay calculation formula is defined 

as follows: 

 
𝐹𝑟𝑎𝑚𝑒 𝑐𝑜𝑢𝑛𝑡 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒

30
∗ 1000   (msec)                       (1) 

 

We calculated processing delay for each 4 frame. The processing delay of the proposed VCM 

is 100ms, while the previous development is 200ms as shown Table 3 and Table 4. We enhanced 

the compression processing time approximately 2 times faster. 

 

 

Table 3. Delay of the VCM                  Table 4. Delay of the previous development 

 

Frame 

count of 

input 

video(A) 

Frame 

count of 

output 

video(B) 

A-B 
Delay 

(msec) 

1 1673 1667 6 200 

2 1700 1693 7 233 

3 1953 1947 6 200 

4 2056 2050 6 200 

 

Frame 

count of 

input 

video(A) 

Frame 

count of 

output 

video(B) 

A-B 
Delay 

(msec) 

1 4135 4132 3 100 

2 4142 4139 3 100 

3 3931 3928 3 100 

4 4402 4399 3 100 



9 

 

PSNR is an engineering term that most commonly used to measure the quality of reconstruction 

of compression codecs. PSNR is defined via the Mean Square Error (MSE). We calculated the 

PSNR of the reconstructed video signal based on (2) and (3). I is the original image and 𝑂 is 

the reconstructed image. For color images with three RGB values per pixel, the definition of 

the MSE is the sum of all squared value differences divided by image size and three. Table.5 

shows the PSNR of the proposed VCM and the previous development. It shows the proposed 

module enhanced the PSNR approximately 3dB. 

 

MSE =  
∑(𝐼𝑟− 𝑂𝑟)2+ ∑(𝐼𝑔− 𝑂𝑔)2+ ∑(𝐼𝑏− 𝑂𝑏)2

3(ℎ𝑒𝑖𝑔ℎ𝑡∗𝑤𝑖𝑑𝑡ℎ)
                 (2) 

 

PSNR =  10log10(
255∗255

𝑀𝑆𝐸
)                       (3) 

 

 
Frame 

count  

PSNR(dB) of the 

VCM 

PSNR(dB) of the 

previous 

development(DSP) 

1 28 21.520 19.387 

2 816 24.622 20.682 

3 1813 23.615 20.749 

4 2902 20.431 17.466 
 

Table 5. PSNR of the VCM and the previous development 
 

Fig. 14(a), Fig. 14(b), Fig. 14(c) show the image capture of the input original video signal, the 

reconstructed video signal of the proposed VCM, and the previous development. Figures show 

that the reconstructed video signal of the proposed VCM is more similar to the input original 

video signal compare with the previous development.  

 

     
(a)                                     (b) 

 

 
(c) 

Fig 14. Image capture; (a) input original video signal, (b) reconstructed video signal of the VCM, 

 (c) reconstructed video signal of the previous development 
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5. CONCLUSIONS 

This paper presents the various methods for optimal hardware and software design of the VCM 

based on embedded motion JPEG 2000 using ADV212. Using the proposed methods, we have 

enhanced the compression processing time approximately 2 times faster and reduce the weight 

of the module approximately 4 times lighter than the previous development using DSP and 

ADV212. Moreover, the PSNR of the proposed module is enhanced approximately 3dB 

compare with the previous development.  
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