VLSI Project2
Report_Project02

1. Overview

Ot MHHO|M RE|= JPEGO|LE SYAF 2H=0)| M AFRE|= DCT 2| forward processOi| Cist B E2 JAISHT}
O|ul area®} power £HH0f| M §|§9-| 22 Z[tistsl= IS AYsict

O|H H11M0l= DCTL| XS £0|7| oM Cist HES A|=SH.

2. Waveform
& el

1) coefficient quantization 8bit
2) Middle BW = 9bit

DFF 9l= Z|A ™A wave

GTKWave - waveform/JPEG_DCT.vcd

From: 0sec To: 300100 sec Marker Osec | Cursor 53 sec

Time
clk=1

| count16[15:@] =0

SRAM_MEM_OUT
DO_in[95:0] =x:
dct_first_stagre
dct_in[95:0] =x:
[ [ e 0o I H ) Y x xxxxxx+ (01823FFCO2F FFEBQ+)
tpl
tpl_inputs[107:0] =xX A E R AR HAia 2
I oo WL [T | 0000000000000000+  xxxxxxx+ (000000000000000000000000000 (030140A+ [FFFFFFF+)FF80000+)
dct_second_stage
dct2_inputs[107:0] =0 e s e e L L )
[e S AT A RN | 0000000000000000+ xxxxxxx+ (002000000000000000000000000000000000000000000000000000000000000

dct2_outputs_24[287: 0] =00 e ) 004638F + [FFF2200+ [FFFEDSF+)
12bit maker
tp2_inputs_12bit[143:0] =00 e e R L e )
tp2
i_data[143:0] =00 s e A AL L ) (046FECO- FC8OFF+ (FFBFFAF+ |00000000000000)
| 0_data[143:0] =xx et R L T T ) /xxxxxxx+ (00000000000000000000000000000009
data out
DIN_out[143:0] =xx e L e ) f 100000000000000000000000000000000

real data out point

GTKWave - waveform/JPEG_DCT.vcd

From: 0 sec To: 300100 sec Marker 280sec = Cursor 200 sec

Time

clk=1
I count16[15:0] =
SRAM_MEM_OUT
DO_in[95:0] =
dct_first_stagre
dct_in[95:0] =
dct_out[239:0]

tpl

tpl_inputs[107:0] =02
o_data[107:0]
dct_second_stage
dct2_inputs[107:0] =F|
dct_out[251:0]
dct2_outputs_24[287:0] =l
12bit maker
tp2_inputs_12bit[143:0] =F|
tp2

i_data[143:0]
o_data[143:0] =

data out

RA[10:0] =0 |2047

Last output Memory write
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~
GTKWave - waveform/JPEG_DCT.ved
From: 0 sec To: 300100 sec Marker 192280 sec | Cursor 192184 sec
Time
clk=:
1 count16[15:0] =4 @812 )aB13  )aB14  )jaB15 ) 4817 )aB18  JaB19  )4BIA  [4B1B ) @BID  J4BE  )4BIF  )4B20  )4B21  |aB22  )aB23  )4B24 |
SRAM_MEM_0OUT

DO_1n[95:0] =xx ittt

dct_first_stagre
e[S AR e R TR XXX X XXXXXXXXXXXXXXXXXXXX

e Lo oo 10 o 174G 1o B IS0 X XXX XXX X XXX XXX KX XXX XXX KXK KX XK KX XXX XXX XXX KX XK KX XK XX XK KX XK KX

tpl

tpl_inputs[107:0] =xxpeeeessesesteessrreceseessed

o_data[107:0] =xx

dct_second_stage

dct2_inputs[107:0] =xx ittt e e ey

Lo 16 oI008 X0 XXX XXX XX XXX KX KX XXX KKK KX XXX KKK KX XXX KKK KX XXX KKK KX XXXKK
dct2_outputs_24[287:0] =XX P tettte s rttte st s eettes s S hOEeE b s ST PEEEE eSS P PLOEEE s PP REeEe s s
12bit maker

tp2_inputs_12bit[143:0] XXXXKXXXXXKKKXKXXXKXKKKKXXXXXXKKKKXX
tp2

1_data[143:0] =
[N lotee LR} I 2(B1C+ [E86F 820+ /070F C7F + |FDF0600+ [FDBFBFF + J0OOFFSF+)0000130+ [00600CF + [F72FALO+ [BBEBAFO+ |XXXXXXXXXXXXKXXXXKXXXXKXXXXKXXXXKXXXX
data out
1 DIN_out[143:0] =
CA[3:0] = e 1 ) 3 ) (N A - T T A D

RA[10:0] =

DFF Q&= version

GTKWave - waveform/JPEG_DCT.ved

From: 0 sec To: 300100 sec Marker Osec = Cursor 0sec

Time
clk=1
count16[15:0] = ool Jooez  Jeoe3  Jeoos  JoooS  Jooe6 @007 @08  J0o@d  JooeA  )oe0B  Jo@oC  JeoeD  JOOOE  )eeoF  Jeelo  Jeell )
DO_in[95:0] =
dctl
dctl_inputs[95:0] =0
Lol AT T ko B I 4| 0000000000000000 + (01823F FCO2F FFEBO+ )
dctl_outputs_mid_BW[107:0] =00l i R, i a2
tpl
Re NIy VL) 741 ) 4 000000000000000000000000+ (@37F FFEQ0Q7FFFE+|02FFC0Q-+ (02FFC00+)027F Co0+ [027FC00+ 0200000+ (0280000 )
RN IRTTa VL WY AT ) 1 (0000000000000000 + /X XXXXXXXXXXXXXXXXXXXXXXX+ (000000000000000000000000000
dct2
det2_inputs[143:0] =00 e e e e e e i L e N
dct2_outputs[287: 0] =00 e L e
tp2
tp2_inputs_large[287: 0] =08 e L L L L )
sel=0
tp2_inputs_12bit[143:0] =08 e e e (L L )
tp2_outputs[143:0] =xXie e s L L L)
final mem out
DIN_out[143:0] =00l L)

GTKWave - waveform/JPEG_DCT.ved

From: 0 sec To: 300100 sec Marker 180 sec = Cursor 105 sec

Time
count16[15:0] 001C |
DO_in[95:0] =
dctl
dctl_inputs[95:0] =
dctl_outputs[239:0] =
dctl_outputs_mid_BW[107:0] =
tpl
l tpl_inputs[107:0] =
tpl_outputs[107:0] =
dct2
dct2_inputs[143:0] =

sel =0
tp2_inputs_12bit[143:0] [ 6FF70+ |FEDFFAQ+ |

tp2_outputs[143:0] =xXLlL L ) /XRXXKXXXAXXKXXKKXXKXXKXXH (000000000000000000000000000000000000
final mem out

DIN_out[143:0] =xxUllbll e o) XXXXKOOXXXXXXXXXXXXXXXX+ |000000000000000000000000000000000000
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~
GTKWave - waveform/JPEG_DCT.ved
From: 0 sec To: 300100 sec Marker 330sec ' Cursor 238 sec
Time
clk=1
| count16[15:@] =00

VRTIERH R 121+ 1415141+ [1818181+)1313121+ 1211100+ (QEQEGDO+ 0BOBOBO+ 0AG9090+ 0909090+ /0909090+ [090A0AR+ |0COCOCO+ |
dctl
dctl_inputs[95:0] =09
dct1_outputs[239:0]
dctl_outputs_mid_BW[107:0] 030+ ) 0380000+ 0300000+ (0280000+ )027F C00+ [027F C00+ (02FF 800+ [02FF800+ @37F 801+ |O3FFBFE+)047FBFE+ (Q4FFBFE+)@SFFBFE+ (03FFCQ0+ (@3FFBFE+ |03FFBFF+03FFB)
tpl
tpl_inputs[107:0] =02,
tpl_outputs[107:0] =FFETIH 00000
dct2
dct2_inputs[143:0] =FF @3S (03803}
dct2_outputs[287:0] =FF(Hisa
tp2
tp2_inputs_large[287:0] =FF{LLIN FF9100+FFFB600+
sel =0
tp2_inputs_12bit[143:0] =FD| { A E4010F + FED0000+

DI 143 |
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3. Synthesis

&B)

design_vision-xg-t> report_area

sokkookkkikkioklkkkkilokokokkkkRkoRkokkk koK
Report : area
: TOP_JPEG_2D_DCT_synthesis
Z-2007.03-SP4
: Fri Jun 14 14:24:41 2024
sokkookkkikkioklkkkkikokokokkkkkkokk kR ok

Library(s) Used:
lec25dscc25_SS (File: /home/admin/lib/lec25/1lec25dscc25_SS.db)

Number of ports: 242
Number of nets:

Number of cells: 19
Number of references: 17

Combinational area: 709868.033863
Noncombinational area: 688146.185760
Net Interconnect area: undefined (No wire load specified)

Total cell area: 1398014.250000
Total area: undefined
il

Power
Library(s) Used:

lec25dscc25_SS (File: /home/admin/1lib/1lec25/1lec25dscc25_SS.db)

Operating Conditions: nom_pvt Library: lec25dscc25_SS
Wire Load Model Mode: top

Global Operating Voltage = 2.25
Power-specific unit information :
Voltage Units = 1V
Capacitance Units = 1.000000pf
Time Units = 1ns
Dynamic Power Units = 1mW (derived from V,C,T units)
Leakage Power Units = 1pW

Cell Internal Power 42.3857 mW  (81%)
Net Switching Power 10.0876 mW  (19%)

Total Dynamic Power 52.4733 mW (100%)

Cell Leakage Power 532.6506 uW
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DCT_first_stage/z5_c11_shifter_adder/U19/0UTC (faddls3)

DCT_first_stage/z5_c11_shifter_adder/U41/Q (xor2s2)
DCT_first_stage/z5_c11_shifter_adder/U58/Q (and2s2)
DCT_first_stage/z5_c11_shifter_adder/U44/Q (or2s2)
DCT_first_stage/z5_c11_shifter_adder/U30/0UTS (faddls3)

0.34
0.35
0.18
0.23

0.62

8.08
8.42
8.60
8.83

9.45 f

DCT_first_stage/z5_c11_shifter_adder/add_0_root_add_32_2/U1_14/0UTC (faddls3)

0.44

9.89 f

DCT_first_stage/z5_c11l_shifter_adder/add_0_root_add_32_2/U1_15/0UTC (faddls3)

0.38

10.27 f

DCT_first_stage/z5_cll_shifter_adder/add_0_root_add_32_2/U1_16/0UTC (faddls3)

0.38

10.65 f

DCT_first_stage/z5_c11l_shifter_adder/add_0_root_add_32_2/U1_17/0UTS (faddls3)

0.84

11.49 r

DCT_first_stage/z5_c11_shifter_adder/out[17] (cl1_c3_c5_c7_c9_cll_sa_2)

DCT_first_stage/dct_out[137] (DCT_1d_first)
internal_Bw_maker/in[137] (BW_maker)
internal_BW_maker/out[61] (BW_maker)
tp_memory_1/i_data[61] (TP_MEM_mreged_BW9)
tp_memory_1/U2672/Q (nnd2s3)
tp_memory_1/U187/Q (nnd2s1)
tp_memory_1/array_reg[5] [7]/DIN (dffles1)
data arrival time

clock clk (rise edge)

clock network delay (ideal)
tp_memory_1/array_reg[5] [7]/CLK (dffles1)
library setup time

data required time

required time
arrival time

slack (MET)

0.00
0.00
0.00
0.00
0.00
0.20
0.32
0.00

11.49
11.49
11.49
11.49
11.49
11.68
12.00
12.00
12.00

12.50
12.50
12.50
12.00
12.00
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Critical path= Of2H gf-dZ ol A LIQX[2H HASHA| AL0| 71Eh B2 DCT stageE X|Lt= HZ22 LIEHATE

()
Glitching solved Co quantization Symmetry Sharing tp_BW=9 Co compressed TP merged 2UE AH  overflow_reduced High frequency
DCT _first_stage 900605 575021 255781 254572 254339 190588 192363 204174 200914 164701
DCT_second_stage 3227965 1115634 494894 493156 421764 314821 318677 283267 196195 172249
tp_memory_1_top 1636641 909818 909793 909793 685996 686104 471420 453243 473186 452754
tp_memory_1_down
tp_memory_2_top 913949 914811 912821 914629 913219 914281 636736 603389 639516 601791

tp_memory_2_down
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— DCT_first_stage ~— DCT_second_stage ~ tp_memory_1_top ~ tp_memory_1_down — tp_memory_2_top = tp_memory_2_down

4000000

3200000

2400000

1600000

800000 \

e

0
Glitching solved ~ Co quantization Symmetry Sharing tp_BW=9 Co compressed TP merged WE AN overflow_reduced High frequency

— AREA

7000000

5250000

3500000

1750000

0
Glitching solved Co quantization Symmetry Sharing tp_BW=9 Co compressed TP merged YE MY overflow_reduced High frequency
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~— POWER

150

1125

75

[
Giitching solved Co quantization Symmetry Sharing tp_BW=9 Co compressed TP merged WE AY overflow_reduced High frequency
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4. A28t DCT HH

ClK
3tn

1. Coefficient quantizatoin bit + Result 1D DCT quantization bit

2|23t 7|&eS

T comuue g
= e 1 o e
Come W2 | 8x12 20X | Make | Axi
“ Stge e
/\\ \VJ
cle
TP\
(geh%mrﬁ\wmn
Ouput %L,J\ s v Hnd
Sl e = AN !
nelear” 2 22X Stege A
% 2x 1
r Ch/lfff‘._“)% g
NGRS on %
(2xv oV
T DL T | e | —om
‘7;‘) Odfress -
- A =
de ¥ lC{[c (Gt i3

O|= MatlabOijA Zn2|F 2f| oA &2l0| 7+s3ICt.

10bit mj,

8bit AL,

nnnnnnnnnn

4l
i

IR

i
|

‘
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0|2 EdliAM R2|= =& Q| coefficient quantization bit2t result 1d act quantization bitE A™SHC}.
PSNRZ 300|M 92 QF7H9| marging = =& (8, 9)0|Ct

O|m, R2|= PSNRO| 712 F[fst Z2Xt AITIE SH 2= £ XSS TI-MaH LiZtCt.

Coefficient quantizatoin bit = 8 / Result 1D DCT quantization bit = 9

Original image #1 Restored image #1 Original image #2 Restored image #2
size : 480x480 PSNR : 3.180100e+01 size : 480x480 PSNR : 3.309936e+01
St s 3

U] [l“t ¥

|
g ™ =

Restored image #3 Original image #4
PSNR : 3.399685+01 size : 480x480
= .

)

Restored image #4
PSNR : 3.4218600+01

Original image #7 Restored image #7 Original image #8
size : 480x480 PSNR : 3.279473+01 size : 480x480
s W g8 p

2. TP Memory Merging

71E&9| TP memory= 12cycle SOt row kO 2 write &, L2 12cycleS 9t column# & O 2 readE st= 11X
QICt O|= 1D DCTL| Z1E 1274 OICH TP_MEMS switchingd{7tH M AtE38l0f:|= H|E&0] QUL

kA ot AHo[A TP MemoryE & BtEE= A2 HAEZ z|ASsHe 71 S8 X|HO|AULCE

Ol= TP Memory?} regE AtE35t7| IE0|Ct Reg= HIO|EE XZ&SH7| flsl HA S BO| ALSSICt RE[7FALE
Sh= CI|O|E{ 7} 12x12xBW2| bitE 7HX|7| WZ20f| TP.MEME F7l &8st A2 ARt HAE | M2 £3HE OF7|

StCt

TP MemoryE otLIE §R|= WS ZHErSICH 22|17t 7|E0)| 12cycleDtC} togglestH A AHERITE TP Memory

O throughputZ BHEA|F|7| [sl A= read®t writeZt SA|0f| 1% E <~ ghof| @iCH 0|Z10| 7t56t O|R= dffe|
clkoll synchronouset £ 20|Ct Column &S H|0|E{E posedge0i| data_out reg0f| HZ wl, SA|of QtEt
dffoll A i_dataZ N 25104 read?t writeZ SA|0f| 51| THELCE

Ol writeZ} O|H| columngk2 = O|F0X|7| L}Z0f|, C}2 readdi|M= row W2 = readE 5t0{0F, Z1tA 2
2 columneE 9= 12 7IH 2L} RE|= X|2 transpose memoryE CHE7| IR0 2X7H S0{& H|0|E

o| gich ek 2 210{0f Sirt.

AENA AHEM, w_rowise(write row-wise) El2 E23[0{ M write U S case2C 2 indexE 2 FI&list 4~
UA SHELE.
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else if(w_rowise) array[index] <= i_data;
else if(!w_rowise) begin
case(index)

4'b0000: begin
array[0] [12#BW-1:11%BW] <= i_data[12xBW-1:11xBW];
array[1] [12#BW-1:11%BW] <= i_data[11xBW-1:
array[2] [12xBW-1:11%BW] <= i_data[10*xBW-1:
array[3] [12+BW-1:11xBW] <= i_data[9*BW-1:
array[4] [12+BW-1:11+BW] <= i_datal[8*xBW-1:
array[5] [12+BW-1:11+BW] <= i_data[7*BW-1:
array[6] [12«BW-1:11%BW] <= i_datal[6+BW-1:
array[7] [12«BW-1:11%BW] <= i_datal[5%BW-1:
array[8] [12«BW-1:11%BW] <= i_data[4*BW-1:
array[9] [12«BW-1:11%BW] <= i_datal[3*BW-1:
array[10] [12+BW-1:11%BW] <= i_data[2BW-1:
array[11] [12+BW-1:11%BW] <= i_data[1xBW-1:0xBW];

end

4'b0001: begin
array[0] [11xBW-1:10%BW] <= i_data[12xBW-1:11%BW];
array[1] [11xBW-1:10+BW] <= i_data[11+BW-1:10%BW];
array[2] [11%BW-1:10%BW] <= i_data[10xBW-1:9%BW];
array[3] [11xBW-1:10+BW] <= i_data[9*BW-1:8%BW];
array[4] [11%BW-1:10%BW] <= i_data[8xBW-1:7*BW];

- ZHOoZ TP.MEM2 HX2 TP x4 = 162t ol TP x2 = N2 CHEF 30% M

3. Coefficient Symmetry property

Co | Ce [ Co [Co | Cs [Co |Co | Co |Cs |6 | Co [Co —C|)—E-|7|' A|'5¢,13|'E 12x12 coefficient matrix% EE‘

C2 |Cs |Cr0 [Cro-Co[-Caf-Ca-Co[ L1910 | Co | C2

o lotoratatalo oo fo bobel — 0dd2] ZL0ll= [C1, €3, C5, C7, €9, C11], [C3, COIS

Cy |C12 [Ca=Ca|Crz [Ca |Ca [Ciz [-Ca[-Ca|Cia |Cy

an s o0 s b atarsl Even part@t odd partOi| A 2t7F symmetryst AE 2 —¢— QALY
=3

o Falalala o Foballa o fa]  S0| Even?| ZR0= CHE0| FHIIX| = 71517 [[H"‘O'" BE2H

ekl Sl 5 4 i [col [Ca, €6, 0], [c4, C12), [CO, C8] & B3t iput Olgstol
a Fale [a Fala |o Fals [ fola |  EUSHEl 40| 7FHSSICL
T el R Ol2{8F symmetry EAMS multiplier T§4-2 F0{Z0{, BI04 0|SS 2 4 ULt
IC11 FCo|C; FC5|C3 FCi|Cy HC3|Cs -C7|Cy |FCy
put= Ho
B HE ASU (Adde =S Co |ICs | Cs | Cs | Cs | Cs Cs | Cs | Cs | Cs | Co | Co
o 100 1o T U ) ) N N ) W
(C, | Co |Cro FCrof-Col-Cof-Cal-Col-CrolCro | C6 [ C2
RS ° arreere ": o ‘|Q|C9—Q—Q_Q_Q‘% C3 |C3 |Cy [-Co[-C3
e carlelcs) 4 clrre: [ N X o T [ o A A e
; OUt6 = c6 % (al — a2 — a3 + a4 + a5 — a6 Cs FCol-Ci kel Gy [ € FCobCalen |6 |Cs Fes
i : : :5 ; a‘. . 6 .'l oy b Co [~Co[-Cs[Co |Cs [-Cosf~Cs|Cs |Co [~Co[~Cs|Cs
Cr kel e Feobeslcs | € Feylen |6 ey
: : ' - & : Y| Cs [ColCs |Ce FCo|Cs |Ce [Co|Cs | Co FCo| Co
gn o 9 4 6 Cy [~C3|C3 [-Co[-Co|C3 -C3[Co | Cy [-C3|C3 [-Co
“ : : & 9%d d : : 0 10 _C6 CZ _CZ C6 _Clﬂ_clo C6 _CZ CZ _CS ClO
assign o ; : 6 1 16| G 6|6 Fala Fale Fole fe

07| 7tX|= verilog moduleO| A =X O 2 C0=8'h34,;2} Z0| coefficientES AF23510] compile2 3I3LC} O]
i, ZIM0]| coefficient@t 8bit2 quantization ot o] HSHA] 1008t um”"2 FE EHE ZAE & 4= UL} O]

= ZEIZ2t0[0{7F Ot} HHo| FeFSHA|E &helet 4= Q= 21t ict.
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4. Coefficient Sub-expression sharing

0= 8h34; /00110100

c 4; // 0011 0100

7]/)40 2; /00110010
}\M 0; //0011 0000

5 :
a

9= 8h14; /00010100

— 3 = % = ©10 = 8'h0e; // 0000 1110

\ 5———' ? l l c11.=8h07; // 0000 0111

©12 = 81h00; // 0000 0000

1
2
3
o4
& 9; //0010 1001
6
7
o8

LAy (da @ %Q%vm?/p

¢

™

o= | Oplo sl

22| 3. Coefficient Symmetry property0OiA 67+X|2| ASU(adder shifter unit)2 FL14& = UA FAULL
0|£ 0]835}0] sharingS 3t11, multiplyE shifting?} adder2tS 71X|0 8802 H

rol
ok
1>
20
[l

SX|8t synthesis ZAtE 2115101 EM parameterE ZHEEOZ CO = 8'h34;2t Z0| MASIE S e} 37| ™
Hoj|AM Xto|7t LEX| 222 &l g 4= ULt Ol design compiler XA fixEl coefficientE £415t0{A{ 0|0
Z| X3S TIststo], 2EH multiplierE AFESH= LU 7| WF0[2t & £ QICH stX|2F 20| = compiler2t
Yo FIdst RE0|2HE MS 12f5tH 1000um™2 Z4 5t MEkst

o[O|E 7IXICHL MZHEICEH

Restored image #4
: 2.640883e+01

5. Glitching Effect 22|
Glitching 22 Z 0= H|EQIL0|M F=2|51010f 5H= overflow?}
underflow0f] ¢12t0| =|0f QICt

[e)
Underflow?| ZR0|| = ORRIVIX| 2 29| Higto 2
HME|= Agholct.
L2|= DCTOl|M O|Z glitching2 2 =l e =~ QICt. 3| sl basis@t
H|5t THEO| LIEHLH= E-20)| A LEZE0 50{A{ Ofolf THEAO|
HHEHE[0] LIEHLHE b2 EOICE Ol
horizontal3}7L} verticalst edge”| &

o — I
I
40
Jl
ux

E
|

=2
—_

E3| DCTO|A SiE effect= OFX|2 12bit truncationOijA| EHASHCIT 2
2= QIC}. 2tA truncation E[7| M 2| MSB(sign bit)2t truncation 0|Z 2|

MSBZE H| w5101 overflow2} underflow= &H015}11, overflow?| 2 12bit Z[CH 2421, 12’b0111_1111_N1122
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22 &etstn, underflow?| 2L 12bit 22 £|CiZ2! 12’b1000_0000_00002 2 2 CHA|5H0] 0|2 3HA 5t

0

Original image #4 Restored image #4
size : 480x480 PSNR : 4.043740e+01

ALt

6. Coefficient Compression based on frequency basis
O| 220| 7t& System&Ql 225 HIXIst= HWE Fd5th= WHo|2t= 4Zho] =Lt

MK 3t ASUE EH, H|E coefficient 2 Of2HQt 22 cosine basisE LIEFHLE

L2|= DCTE E8HA sliL frequency AES cosinedt4Z 0|25101A 7t X o2 151X} 5H= Z40|C}.
Frequency2| ZSHOAM 2CHH 22|= 27tX|0]| & Sot0{0F StCL Peak R 21t zero-crossing 2 22| YEHE 242
™ QHEICH= ZO|C. [2tA C28 ZAEEZICHH ofof DCTALto| Aetst Jek2 7|1& AOo|LCt.

—_— [

017|M R2|= O|H| PSNRE UX|X| &= CoefficientS 2tzAsHA O|MSH XS &F Z{0|C},

0|21t OJM|St ZHE sharing@ 2 20|X| &= coefficient partZ dropst0o] AAXIE E £ QI T, sharingS
IS £ ULE EoiFE= A2 &+ QCt

017|M& C102 8'b0edi|A 8b09E HIBLZ M sharing®|X| %= 222 dropstHA SA[0f| adder ¢14HS 5t

Lt 2 & ACE
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Ol2{gt WAlo= ZF ASUO| CHa{lA LL0| HETH Zut, Of2Het Z2 coefficient2| compression0| 7HS3HC

// coefficient original

parameter signed c@ = 8'h34;
parameter signed cl = 8'h30;
parameter signed c2 = 8'h32;
parameter signed c3 8'h30;
parameter signed c4 = 8'h2d;
parameter signed c5 = 8'h30;

parameter signed c6 = 8'h25;
parameter signed c7 = 8'h20;
parameter signed c8 = 8'hla;
parameter signed c9 = 8'h18;
parameter signed c10 = 8'h09;
parameter signed cl1l = 8'h06;
parameter signed c12 = 8'h00;

7. High frequency Computation reducing
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4'b0111: begin
array [0] [5%BW-1:4x] data[12xBW-1:11xBW];
array[1] [5%BW-1: data[11xBW-1:10xBW] ;
array[2] [5xBW-1 i_data[10+BW-1:9%BW];
array [3] [5%BW-1 data [9xBW-1:8%BW] ;
array [4] [5%BW-1 <= i_data[8+BW-1:7+BW];
array[5] [5xBW-1 data[7+BW-1:6xBW] ;
array[6] [5+BW-1: 4> data [6xBW-1:5%BW] ;
array [7] [5+BW-1:4*BW] _data[5*BW-1:4%BW] ;
array [8] [5+BW-1:4xBW] data[4%BW-1:3%BW] ;
array [9] [5%BW-1:4%BW] <= i_data[3*BW-1:2xBW];
array[10] [5%BW-1:4xBW] <= {BW{1'b0}}
array[11] [5+BW-1:4xBW] <= {BW{1'b0}}

end

4'b1000: begin
array[0] [4*BW-1 i_data[12#BW-1:11%BW]
array[1] [4*BW-1 data[11xBW-1:10%BW];
array [2] [4*BW-1 data[10xBW-1:9*BW] ;
array [3] [4xBW-1 data [9BW-1:8%BW] ;
array[4] [4xBW-1 data[8+BW-1:7*BW] ;
array [5] [4xBW-1 i_datal[7*xBW-1
array[6] [4xBW-1
array [7] [4+BW-1:3*

assign

assign coll {A_00
assign coll {A_o0
assign coll {A_o0
assign coll {A_00
assign coll {A_o0
assign coll {A_o0
assign coll {A_00
assign coll ={A_00 [ 8], A @1 [ 8], A_02
assign coll {A_00 [ 9], A @1 [ 9], A_02
assign {BLOCK_SIZE*BW{1'b0}};
assign {BLOCK_SIZE*BW{1'b0}};

0], A_01
1], A_01
2], A_01 [ 2], A_02
3], A01 [ 3], A@2

[ o], A_02
[
[
[

4], A01 [ 4], A_02
[
[
[
[

11, A_02

51, A1 [ 51, A_02
6], A_@1 [ 6], A 02
71, Ae1 [ 71, A_02

[
[
[
[
[
[
[
[
[
[
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5. Schematics

10 / 22 / glitching removed

» Schematic.1 TOP_JPEG_2D_DCT_for_synthesis

» Schematic.1 TOP,

PEG_zD_DCT _for_synthesis

dct_first_stage

» Schematic.1 DCT_first_stage
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8/9

» Schematic.1 TOP_JPEG_2D_DCT_synthesis

—
g

r e

e

wtn
= il

T

[ o |

= = Rl

i S

r;lmﬁ‘u

[ i

» Schematic.1 TOP_JPEG_2D_DCT_synthesis

[ Schematic.1 TOP_JPEG_2D_DCT_synthesis
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8/ 9/ symmetric

Schematic.1 TOP_JPEG_2D_DCT_synthesis
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* Schematic.1 TOP_JPEG_2D_DCT_synthesis

» Schematic. TOP_JPEG_2D_DCT_synthesis
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8 / 9 / symmetric ver2

* Schematic.1 TOP_JPEG_2D_DCT_synthesis

» Schematic.1 DCT_second_stage
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8 / 9/ sharing_exact

» Schematic.1 TOP_JPEG_2D_DCT_synthesis
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* Schematic.1 DCT_second_stage




VLSI Project2
8/ 9/ tp mem first BW=9

P_JPEG




VLSI Project2

8 /9 / sharing compressed + tp men EFs}

* Schematc.1_DCT_second_stage
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8 / 9/ dct2 BW optimize / dctl, 2 sign extension separation

» Schematic. 1 TOP_JPEG_2D_DCT_synthesis

» Schematic.1 TOP_JPEG_2D_DCT_synthesis
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» Schematic{ TOP_JPEG_2D_DCT_synthesis
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8 / 9/ high frequency computation removed

» Schematic.1 TOP_JPEG_zD_DCT_synthesis

» Schematic.1 TOP_JPEG_2D_DCT_synthesis
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6. Processing log

Triall. Overflow occurred

Original image #1

Restored image #1
PSNR : 3.417315+01

\

Original image #3 Restor
size : 480x480 PSNR : 3.963383+01
A A »

Original image #5 Restored image #5
size : 480x480 PSNR : 3.281749e+01

Original image #7
size : 480x480

Trial2. Overflow fixed

Original image #1
size : 480x480

Restored image #1
PSNR : 3.4173156401

Original image #5 Restored image #5
size : 480x480 PSNR : 3.281749€+01

Original image #7
size : 480x480

Trial3. Coefficient 8 / Result_1D_DCT_quantization_bit = 9

image #4

Original image #6

size : 480x480

Original image #8

Original image #2

Original image #6
size : 480x480

Restored image #2
PSNR : 3.7269216+01

Restored image #4
PSNR : 2.6408830+01

Restored image #6
PSNR : 4.0554766+01

Restored image #8
PSNR : 4.1545960+01

Restored image #2
PSNR : 3.7269210+01

Restored image #4
PSNR : 4.0437400+01

Restored image #6
PSNR : 4.055476e+01

Restored image #8
PSNR : 4.1545960+01
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Original inage 12
PSR 31778388101 0

PSNA. 33072876101

Rostored image 84
PSNA 34125600101

Trial4. Coefficient Matrix symmetry property used

Original image #1 Restored image #1 Original image #2 Restored image #2
ize : 480x480 PSNR : 3.177938+01 size : 480x480 PSNR : 3.3072876+01

Original image #3 Restored image #3 Original image #4 Restored image #4
size : 480x480 PSNR : 3.397059¢+01 size : 480x480 PSNR : 3.412669¢+01

Original image #5 Restored image #5 Original image #6 Restored image #6
size : 480x480 PSNR : 3,089674e+01 size : 480x480 PSNR : 3.405981e+01

Restored image #7 Original image #8 Restored image #8
PSNR : 3.277335e+01 size : 480x480 PSNR : 3.416231e+01

Trial5. Coefficient sharing
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Original image #1 Restored image #1
ize : 480x480 PSNR : 3.177938e+01

IR : 3.397059+01

Restored image #3
PSN/

Original image #5 Restored image #5
size : 480x480 PSNR : 3,089674e+01

Original image #7 Restored image #7
ize : 480x480 PSNR : 3.277335€+01

Trial6. TP_MEM 1st stage BW=9

Original image #1 Restored image #1
size : 480x480 PSNR : 3.177938e+01

Restored image #3
PSNR : 3.397059e+01

Restored image #5
PSNR : 3,089674+01

Restored image #7
PSNR : 3.277335e+01

s

Trial7. Coefficient compressed base on frequency basis

Original image #2
size : 480x480

Original image #2
size : 480x480

Ori o #4
size : 480x480

Original image #8
size : 480x480

\

Restored image #2
PSNR : 3.307287e+01

Restored image #4
PSNR : 3.412669e+01

Restored image #6
PSNR : 3.405981e+01

Restored image #8
PSNR : 3.416231e+01

5\

Restored image #2
PSNR : 3.307287e+01

Restored image #4
PSNR : 3.412669e+01

Restored image #6
PSNR : 3.405981e+01

Restored image #8
PSNR : 3.416231e+01
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Original image #1 Restored image #1
i PSNR : 3.123618e+01

Restored image #3
PSNR : 3.332240e+01

Original image #5 Restored image #5
size : 480x480 PSNR : 3,033968e+01

Restored image #7
PSNR : 3.214932¢+01

Trial8. Coefficient compressed + sharing renewal

Original image #1 Restored image #1
size : 480x480 PSNR : 3.126122€+01

l

Restored image #3
PSNR : 3.345518e+01

Restored image #5
PSNR : 3,035587¢+01

Restored image #7
PSNR : 3.234799e+01

Trial9. TP_.MEM merged

Original image #2
size : 480x480

Original image #4
ize : 480x480

Original image #8

Original image #2
size : 480x480

riginal image #4
size : 480x480

Original image #6
80x480

Original image #8
size : 480x480

Restored image #2
PSNR : 3.280458e+01

Restored image #4
PSNR : 3.310979+01

Restored image #6
PSNR : 3.373966e+01

Restored image #8
PSNR : 3.380876e+01

Restored image #2
PSNR : 3.281331e+01

Restored image #4
PSNR : 3.343614e+01

Restored image #6
PSNR : 3.373557+01

Restored image #8
PSNR : 3.393061e+01
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Original image #1 Restored image #1
ize : 480x480 3.126122e+01

Restored image #3
PSNR : 3.345518e+0

Original image #5 Restored image #5
size : 480x480 PSNR : 3,0355876+01

Original image #7 Restored image #7
ize : 480x480 PSNR : 3.234799€+01

Trial11. High frequency removed

Original image #1 Restored image #1
size : 480x480 PSNR : 3.112170e+01

Restored image #3
PSNR : 3.445786e+01

Restored image #5
PSNR : 3.032773+01

Restored image #7
PSNR : 3.287761+01

Final hig frequency memory deleted

Original image #2
size : 480x480

Original image #2
size : 480x480

Ori o #4
size : 480x480

Original image #8
size : 480x480

\

Restored image #2
PSNR : 3.281331e+01

Restored image #4
PSNR : 3.343614e+01

Restored image #6
PSNR : 3.373557+01

Restored image #8
PSNR : 3.393061e+01

Restored image #2
PSNR : 3.343087e+01

Restored image #4
PSNR : 3.438522¢+01

Restored image #6
PSNR : 3.4580650+01

Restored image #8
PSNR : 3.497577+01
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Original image #1

Original image #5
size : 480x480

Restored image #1
PSNR : 3.112170e+01

Restored image #3
PSNR : 3.445786e+01

Restored image #5
PSNR : 3.032773e+01

Restored image #7
SR : 3.287761e+01

Original image #2
size : 480x480

Original image #4
ize : 480x480

Original image #8

Restored image #2
PSNR : 3.343087e+01

Restored image #4
PSNR : 3.438522¢+01

Restored image #6
PSNR : 3.4580650+01

Restored image #8
PSNR : 3.497577e+01
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