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A Co-design Method for JPEG2000 Video Compression System

in Telemetry using DSP and FPGA

Jae Taeg Yu*, Myung Han Hyun* and Ju-Hun Nam**

ABSTRACT

In this paper, a co-design method for JPEG2000 video compression system using
DSP and FPGA is presented. By profiling the complexity of JPEG2000 algorithm, it is
noticed that a MQ-coder is the most complex part. Thus, we implement the MQ-coder
on FPGA for the parallel processing using VHDL to reduce the complexity. In order
to verify the performance of the MQ-coder, JBIG2 standard test vector and images are
used. The experimental results show that the proposed MQ-coder enhances the

processing time approximately 3 times compared with the previous software
MQ-coder.
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Table 1. TMS320C6416 Memory Map

==

Ennanced

Allocated | Used Space
NAME SIZE ol Space(Hex) (Hex)
Internal B ] 0000 0000 0000 0000
RAM - 000F FFFF | - 000F FFFF
Internal 0180 0000 0180 0000
Registers ) " | - 02000033 | - 02000033
McBSP 3000 0000 3000 0000
Data 256M8 " | - 3FFF FFFF | - SFFF FFFF
SDRAM aM<16 CEB| 6000 0000 6000 0000
EMIF-B (8MB) 0 | - 63FF FFFF | - 601F FFFF
FLasy | 'Mx8x2Pages [CEB| 6400 0000 6000 0000
(2MB) 1 | - 67FF FFFF | - 601F FFFF
Video 1x16 CEB| 6800 0000 6800 0000
FIFO (2Bytes) 2 | - 6BFF FFFF | - 6800 0001
FASTPort B <16 CEB| 6C00 0000 6C00 0000
FIFO (2Bytes) 3 | - 6FFF FFFF | - 6C00 0001
SDRAM 32M~64 CEA| 8000 0000 8000 0000
EMIF-A (256MB) 0 | - 8FFF FFFF | - 8FFF FFFF
Support Variabe CEA| 9000 0000 9000 0000
Logic 1 | - OFFF FFFF | - 9FFF FFFF
Elaff;?:: 512Kx32x2Pages | CEA GO0 0000
CEA (4MB) 2 Ao00 0000 |~ AO3F FFFF
Ela?f;orsms S1oKx322Pages | CEA| ~ ATTT FEEE | a040 0000
CEB (4MB) 2 - AO7F FFFF
FASTPortA 1x32 CEA BO0O 0000
FIFO (4Bytes) 3 -~ BO0O 0007
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Table 2. Profiling

Processor Intel Pentium4
Processor clock speed 2.4GHz
RAM 1GB
[0S Windows XP
Profiling tools Visual C++ 6.0
Image Lena
Image size 512 x 512 (24bit)
Compression type 100:1 Encoding
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2.2.2 Profiling & =l

Table 32 Profiling 2% IFE HAFTh
Table 39| AF}oA HPAZFS 0.5% ©letE =
Adtes EEe AFsAoh o] ZAdE E9
JPEG2000 AXZEojolx F2 A& Ho| &
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Arithmetic Entropy Encoding (MQ-ZT)% &2
Wavelet Transform &89S & 5 Ut
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Table 3. Profiling & =t

Profile: Function timing, sorted by time
Program Statistics
Total time: 3650.468 millisecond
Time outside of functions: 0.427 millisecond
Call depth: 19
Total functions: 562
Total hits: 4666746
Function coverage: 42.3%
Overhead Calculated 4
Overhead Average 4
Module Statistics for jasper.exe

Time in module: 3650.041 millisecond
Percent of time in module: 100.0%
Functions in module: 562

Hits in module: 4666746

Module function coverage: 42.3%

Func Func+Child Hit
Time % Time % Count  Function

487.727 134 954136 26.1 1100 _jpc_encsigpass (jpc_t1enc.obj)
483330 132 483.372 132 1477620 _jpc_magenc_codelps (jpc_maenc.obj)
425.138 116 425182 116 1398151 _jpc_mgenc_codemps2 (jpc_magenc.obj)
297.762 82 580.362 159 1100 _jpc_encrefpass (jpc_t1enc.obj)
245512 6.7 405495 11.1 1310 _jpc_enccinpass (jpc_tienc.obj)
237664 65 420036 115 30 _jpc_ft_analyze (jpc_amfb.obj)

230.568 6.3 230.568 6.3 786432 _inttobits (jas_image.obj)

188.546 52 423428 116 1536 _jas_image_writecmpt (jas_image.obj)

184.180 5.0 184.180 5.0 786432 _bitstoint (jas_image.obj)

180912 5.0 180912 5.0 5952 _jpc_gmfbid_split (jpc_gmib.obj)
171475 47 360.702 9.9 3 _jas_image_readcmpt (jas_image.obj)
76907 2.1 76931 2.1 1 _jpc_enc_pi_create (jpc_t2enc.obj)
54150 1.5 479546 13.1 1 _pnm_getdata (pnm_dec.obj)

46639 1.3 47.065 1.3 192 _jpc_tagtree_create (jpc_tagtree.obj)
32322 09 3132966 85.8 1 _jpc_enc_encodemainbody (jpc_enc.obj)
28702 08 2012.784 551 210 _jpc_enc_enccblk (jpc_t1enc.obj)
26977 0.7 26.977 07 11815 _jas_malloc (jas_malloc.obj)

25683 0.7 25683 0.7 11815 _jas_free (jas_malloc.obj)
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MQ-ZUE Table 49t Zo] zt A& &gk
< HIESM F 47kxe] AEE Zdew 3
[(CX)E Qe #el A AY2E, Qe(I(CX)E &
£, NMPS(I(CX)) / NLPS(I(CX))== MPS/LPS
A7t SHrenormalization) & g T Y 2E,
7183l SWITCH(I(CX))= MPS(CX)el +37F w7
ol 2a% A& vele T2 94Fs It 2
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MQ-ZH 9 3y ZELEE Fig. 59 #uh
Decision  bit(D)?} More Probable Symbol
(MPS(CX))©] grell webA] "CodeMPS"$} "CodeLPS"
7h Ad9dEd. 2 AEse] AZd §H 45"
HE FZ=Es vhEoly] A Jhsd w2
o|X4 1 HIEES register Coll ¢ 7] H3l
A] "FLUSH register" #}-go] 3 Ht}.

Table 4. o|ZIM=34d 2 95t Lookup Table

Index Qe NMPS NLPS |SWITCH
0 0x5601 1 1 1
1 0x3401 2 6 0
2 0x1801 3 9 0
3 0x0ACH 4 12 0
4 0x0521 5 29 0
5 0x0221 38 33 0
6 0x5601 7 6 1
7 0x5401 8 14 0
8 0x4801 9 14 0
9 0x3801 10 14 0
10 0x3001 1 17 0

" 0x2401 12 18 0
12 0x1CO01 13 20 0
13 0x1601 29 21 0
39 0x0085 40 37 0
40 0x0049 41 38 0
41 0x0025 42 39 0
42 0x0015 43 40 0
43 0x0009 44 41 0
44 0x0005 45 42 0
45 0x0001 45 43 0
46 0x5601 46 46 0
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Data e
Input Bit Coefficient bit modeling®l Z otz CHEO{ Al AlE2S
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. Width M o
Register (bits) Mg
] 32 |Code register. &% HIOIE{E MA
A 32 |M=3Ye Interval register
- PR
cT 5 ;o;nter register. A2t C 2l X|AE{2| shift
MPS 1 4% More Probable Symbol
Index 6 S A look-up table 1 A
B 8 |&™ byte buffer. Ct2 +EHIOIE A&
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Flush taskoll M 'predictable termination’oll
« > |as=

Table 7. MQ-Z2H entitye] &3

Input/Output | Width(bits) PSRt
nreset 1 Reset signal
clock 1 System clock
In_mps 1 More Probable Symbol
In_index 6 Look-up table index
In—bit 1 olaH ¢lg HE
. default termination —> 0
predictTerm ! predictable termination —> 1
Init_do 1 elad =75t task

Set_Context_do 1 Set context task

Encode_Bit_do 1 elzg task
Flush_do 1 Flush task
byte_out_reg 8 et ofolH
enc_read 1 2 idle = 1
-feady elaH busy —> 0
A HlolE{ 7} byte_out_regoil
byte_ready 1 HNEE o 1 2HSe q
c_reg_out 32
a_reg_out 32
ct_reg_out 5 olaC el LiE AMEf| FA
mps_reg_out 1
index_reg_out 6
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