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DCT:

1-D DCT:

2-D DCT: 

Properties and Applications:
• DCT has energy packing capabilities and also approaches the statistically optimal 

transform in de-correlating a signal governed by Markov Process.

• DCT is orthogonal and separable, it leads to the reduction of spatial redundancy for 
the input signal and has found wide applications in speech and image processing.

• The 2-Dimensional DCT, over a small block of pixels, has been widely used as a 
frequency analysis and compression algorithm in image processing standard like 
MPEG-2.
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Algebraic Integer DCT Encoding

Table I: 1D Algebraic Integer Encoding for 8 Point DCT 

Table II: 2D Algebraic Integer Encoding for 8 Point DCT 
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Exploiting Redundancy – Zero Pattern
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Exploiting Redundancy – Zero Pattern

501 463 211 759 138 452 261 309

158 168 954 208 22 341 533 645

666 481 402 239 890 272 344 536

744 843 63 920 628 773 671 316

3 870 44 806 347 426 404 474

930 987 6 187 702 973 103 135

677 832 836 517 222 856 472 779

50 270 937 62 236 917 569 138

424 732 908 919 786 147 834 983

70 861 190 695 1006 795 472 436

905 802 249 134 245 458 930 178

851 1021 252 484 477 169 917 406

322 600 177 990 36 262 211 687

919 369 342 510 754 746 895 496

771 382 415 406 870 62 242 391

156 1010 638 1011 529 115 700 577

441 977 648 386 166 460 231 412

879 378 42 854 710 1000 148 156

478 71 24 703 531 992 95 809

293 888 739 568 819 660 719 203

66 301 907 88 797 94 697 506

672 566 959 568 950 790 468 310

645 800 946 695 743 413 545 151

749 71 774 437 97 286 305 987

754 906 102 236 951 752 519 613

531 96 738 619 16 591 108 344

919 974 861 48 745 808 29 740

723 633 840 754 751 84 51 120

404 778 556 499 69 384 187 532

657 635 373 1009 816 205 521 1019

311 593 512 1001 464 661 663 320

86 287 338 145 215 126 521 517

839 681 966 936 575 47 156 319

305 612 665 14 718 987 318 646

725 414 969 1011 292 67 664 605

890 137 474 178 1010 522 855 55

672 309 277 412 229 722 18 890

882 471 71 408 512 639 414 745

948 515 191 804 440 232 818 16

961 781 357 518 528 645 163 761

…

298 832 128 883 210 280 531 294

774 711 548 1020 440 601 143 229

106 451 860 775 643 274 323 605

232 481 245 907 572 803 881 577

499 902 22 377 252 152 443 886

894 660 151 733 672 791 60 224

592 149 487 292 135 532 907 308

431 217 899 808 525 600 262 601

923 1002 834 434 1021 197 384 913

536 431 497 59 110 686 527 1015

684 999 118 815 467 396 915 410

693 531 146 572 136 71 657 348

975 555 803 789 720 697 208 324

638 388 275 1018 313 876 70 373

468 869 570 91 65 99 819 630

663 558 138 738 177 401 433 611

701 324 737 540 87 762 27 82

997 197 961 349 495 500 328 308

287 238 8 69 864 665 53 184

178 225 595 270 477 42 378 733

944 81 569 1018 613 342 393 809

266 126 705 394 213 443 343 339

384 550 779 805 529 100 912 800

660 705 844 890 161 697 243 795

107 278 348 252 500 262 770 853

336 433 19 951 702 624 152 487

267 715 786 440 371 457 676 348

397 837 468 50 410 428 242 555

918 845 44 926 526 421 745 574

785 412 101 1001 46 731 264 947

250 667 979 673 1015 105 480 280

465 156 623 744 317 389 878 302

…627 865 598 620 465 181 519 161

912 639 617 830 254 553 479 1004

731 636 499 472 1012 483 250 305

206 977 965 95 577 749 579 158

110 302 354 105 225 1004 778 958

755 646 204 895 898 682 353 690

780 544 100 62 745 699 458 438

285 892 667 867 873 896 528 852

175 651 640 808 310 270 276 958

451 529 216 921 580 775 957 846

770 532 937 2 221 446 226 52

630 641 137 528 138 518 194 847

260 971 991 639 1002 506 287 397

358 228 634 271 219 96 690 456

627 1018 656 408 139 994 612 9

345 898 13 1001 53 435 398 286

299 446 398 453 498 821 637 204

440 316 490 254 350 163 1008 1001

718 844 621 155 428 163 652 638

10 703 667 211 121 167 238 56

242 543 780 936 531 936 803 145

411 181 458 596 994 793 3 417

89 918 658 709 336 440 816 796

904 829 287 877 347 265 212 166

26 590 892 628 94 271 612 126

871 700 888 143 445 522 672 601

258 323 542 216 85 466 595 149

404 524 982 1013 568 829 782 972

703 456 605 337 18 478 167 759

891 532 23 436 659 530 859 893

697 374 186 149 401 207 1020 168

142 667 478 558 334 594 675 485

354 799 453 72 168 783 943 665

305 438 942 253 795 152 720 238

41 175 1003 20 573 634 723 143

390 375 474 1020 681 638 154 243

135 1001 352 102 894 827 720 895

146 470 214 940 624 325 75 881

391 895 323 137 961 356 53 667

652 155 919 209 292 259 536 895

2D implementation:

15 layers of algebraic 
integer representation

1D implementation:

8 layers of algebraic 
integer representation

Zero Pattern:

4 layers of algebraic 
integer representation
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Design Architecture, Flow, Tools and 
Chip Layout

Data Input 
Registers

Row 
Algebraic 
Integer 
1D DCT

Algebraic 
Integer to 

Binary 
Converter

Frame 
Buffer 
RAM

Data 
Output 

Registers

Algebraic 
Integer to 

Binary 
Converter

Column 
Algebraic 
Integer 
1D DCT

Controller

9-bit
Input

12-bit
Output
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Algebraic Integer 8x8 DCT Chip Micrograph and Highlights

• Function two-dimensional 8x8  DCT
• Inputs / Outputs 9 bit signed(pixel)/12 bit signed (DCT)
• Internal Word-length 10-13 (algebraic integer), 16 (binary)
• Accuracy IEEE Standard 1180-1990
• Technology TSMC CMOS 0.18µm

• Core Size 1.8mm × 1.2mm
• Power Dissipation 7.5mW @ 75MHz/1.2V
• Throughput 75M pixel/second
• Latency 80 clock cycles 
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Simulation Results - numerical characteristics 

input range [-256 255] [-300 300]  [-5 5]  IEEE std.

mppe <=1 <=1 <=1 <=1

mpmse/mpme 0.055 0.056 0 <=0.06

ome/omse 0.00072 0.00084 0 <=0.0015

zero_test 0 0 0 0

Simulation Results According to IEEE Standard 1180-1990 
Using Algebraic Integer Representations
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Simulation Results – Power Estimation

Image \  Design ICFWRDCT DCT_Inc_Compile clock_gating1 clock_gating2

Gauss-random 24.346/13.695 16.766/9.431 17.015/9.571 12.135/6.826
Peppers 8.591/4.832 6.186/3.493 5.099/2.868 4.635/2.607

Lena 8.536/4.802  6.139/3.453 5.034/2.832 4.584/2.579
Bridge 8.500/4.781 6.132/3.449 5.025/2.827 4.577/2.575
Goldh 8.437/4.746 6.081/3.421 4.970/2.796 4.533/2.550

Camera 7.914/4.452 5.707/3.210 4.632/2.606 4.249/2.390
Bird 7.570/4.258 5.442/3.061 4.377/2.462 4.084/2.297

Power Consumption for Processing Input Image Blocks of 128x128

Global Operating Voltage = 1.6/1.2 V
Operating Speed: 75 MHz            Power Unit: mW
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CMC DUT Testing Board on 
the CMC TH1000 Test Head

Testing Environment

•CMC TH1000 Test Head 

•HP 9000/745i workstation with HP-UX    
    A09.01 Operating System

•HP 75000D20, VXI Digital Test System 

•HP 6621A DC Power Supplies

•Tektronix 11402 Digital Oscilloscope
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Simulation Results and Chip Testing

HP Veetest Digital Testing Software Environment
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Simulation Results and Chip Testing

IMS  Digital Testing System Environment
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Simulation Results and Chip Testing

 Testing Results  and Power Consumption Comparisons 

Design Core Size / Technology
Scaled Power 
Consumption 
(mJ/Mpixels)

Xanthopoulos [5] 14.5mm2 / 0.6µm CMOS 0.313

Chang et al. [6] 7.85 × 6.45 mm2 / 0.6µm CMOS 1.38

August et al. [7] 0.35µm CMOS 0.156

Masera et al. [8] Xilinx XCV100E 0.527

Proposed Alg_int DCT 1.8mm × 1.2mm / 0.18µm CMOS 0.1

•Functional : Works.

•Test Frequency :  50MHz. 

•Power Consumption:  1.8V*0.0063mA = 11.34mW @ 50MHz

     scaling:  1.2V*0.0042mA = 5.04mW @ 50MHz

                                                7.56mW @ 75MHz
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Conclusion

• The error-free 2D algebraic integer encoding scheme for DCT basis 
function provide an alternative for DCT computing

• The multiplier-less high-precision feature of the algebraic integer 
encoding combined with selected suitable DCT algorithm enable an 
efficient implementation of the 8 x 8 DCT IP core
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