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1.INTRODUCTION

The coding efficiency of frame DCT coding, field DCT coding, adaptive field/frame DCT coding
and field base coding are measured on computer simulation. The four coding schemes are based on
SM3. .

2.SIMULATION MODEL
Coding schemes are divided into two classes : frame base coding and field base coding.
Further more, the schemes classified in frame base coding are classified into three classes shown in
Table 1. The four coding schemes are compared in this simulation.

Table 1. Definition of each coding model

Motion Estimation |  Prediction DCT
frame base coding -
frame DCT coding frame frame frame
field DCT coding frame frame field
adaptive DCT coding frame frame fieldfframe
field base coding field field field

2.1 Frame DCT coding

The frame DCT coding is also based on SMé. The picture format is 704 x 480. The picture is built
with simple field merging. Picture rate and macroblock size is same to SM3.

2.2 Field DCT coding

The field DCT coding is almost same to frame DCT coding. Luminance data in each macroblock is
converted into field type line order which is illustrated in Fig.1.

2.3 Adaptive fieldframe DCT coding

The adaptive field/frame DCT coding (adaptive DCT coding) is based on the frame DCT coding.
Each macroblock is categorized into frame type or field type. The frame type macroblock is encoded with
the frame DCT coding algorithm. The field type macroblock is encoded with the field DCT coding
algorithm. One bit which indicates field type or frame type is added to all "Coded" macroblock.

2.4 Field base coding

The field base coding is based on SM3. The picture format is extended to 704 x 240. The picture
rate is 59.94 pictures per second. The coding scheme does not recognize whether the field is even
field or odd field. Macroblock size is same 1o SM3.

3.SIMULATION

Two typical video sequences are used for the simulation. One is Mobile-and-Calendar which is a
panning picture, another is Table-tennis which is a zooming out picture. Ten frames of the each
sequence are encoded with the three simulation models in 4Mbps. Table 2 show the specifications of
these three models and simulation.



Table 2 Specification of simulation
| FrameDCT | FieldDCT | AdaptiveDCT | Field base

Base coding SM3

Picture format(Y) 704x480 704x240
(C) 352x240(*1) 352x120(*2)

Picture rate 29.97 59.94

Number of pictures 10 22

Bit rate 4Mbps

Bit rate ratio I:P:B = 10:5:1

Frame type ratio GOP=12,M=3 [ GOP=24 M=3

Motion estimation +- 7.5pel

Buffer size 120kbit

(*1) field decimation  (*2) line decimation
4.SIMULATION RESULTS

Table 3 1010 and Fig.2 show the simulation resufts. In Mobile-and Calendar sequence, the frame
base coding exhibits high efficiency. On the contrary, tield base coding is suitable for Table-Tennis
sequence. The characteristic of adaptive DCT coding and field DCT coding are almost same to frame
base coding. The adaptive DCT coding is little better than frame base coding. Field DCT coding is little
worse than other two coding.

Power distribution of DCT coetfficients is shown in Fig.3. In frame base coding results, irregular
power peak is recognized which is caused by interlaced scanning. It is remarkable in Table-Tennis
sequence in which frame base coding is inferior to field base coding.

5.CONCLUSIONS

A high quality coding should exhibit high coding efficiency in ANY sequences. But the field base
coding and the frame base coding which includes adaptive DCT coding and field DCT coding do not
exhibit high efficiency in some sequence. It is very difficult to choose field base coding or frame base
coding from this simulation. Some improvements are necessary on both coding.
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Table 3 Simulation results of frame DCT coding ("Mobile and Calendar")

frame § | 2 3 4 5 6 1 § § 10
frame type | INTRA 8 B PRED ) B PRED 3 B PRED
S/N ) 2197 2752 26,93 28,43 27,56 26,88 21788 2732 26,81 21,80
(Ch) 3260 3246 32191 32,20 3.5 3L 93| 3L 73 3n00| el 3131
(€3} LIV 33,03 3283 32.83| 3278 12,46 32,271 32 44 31211 31,33
mean QP 13. 4 15.5 13,3 11,6 16.5 18, § 12.17 17,1 18,7 12,7
bit MTYPE 1320 1897 2747 1§79 1880 2813 1874 2843 2914 1716
COEF(Y) | 3377810 S318%] 30662 | 202660 53597 30763 1797901 58207 32021 171460
TOTAL 436848 75296 501520 249376 [ 75856 505361 215056 81800 52272 208214

Table 4 Simulation results of tield DCT coding ("Mobile and Calendar")

frame § | : i { 3 b 1 & § 11
frame type | INTRA B B PRED B 8 PRED B 3 PRED
s/H () 36,75 26,77 2630 20360 26 91[ 26.34] 20.08] 26700 25 261 7. 0%
(€8) 32.08] 32.09) 3L &7) 31794 3192 L6y 3LST| 3183 31500 3131
(CR) 30600 32.62) 32431 32.35] 3245 3220 3L 98 3L 21| 3L 8t] 3L
mean QP 15. 8 16. 8 18.§ 12.1 18. 1 13. 6 3.4 174 13.1 13.2
21t MTYPE 13240 2895 1781 1991 25617 1851 1942 1946 2834 1731
COEF{Y) | 4197014 49304 30524 267195 ] 199531 30752| 1834931 55437 3120011 176070
TOTAL 4997661 7000 48968 ) 241848 ) T2036] s0416] 218688] 78304 398331 111932

Table 5 Simulation results of adaptive DCT coding ("Mobile and Calendar”

irame # 1 2 3 { 3 § 1 3 § 10
frame type | INTRA B 3 PRED B B PRED B 3 PRED
S/N () 28. 06 17,44 16, 89 283 11. 4 26. 80 27. 83 17. 14 26. 11 17,12
(cy) 32,62 32. 4% 32,21 2.1 32.10 3198 31,81 312,07 3,117 31,63
(CR) 132 33.08 32. &6 12,88 32,86 32.53 12. 31 32,57 1.0 3108
mean QP 13. 4 15,8 17.1 1.3 15.8 17,6 12.3 5.4 17.17 12,2
bit ¥TYPE 2640 4100 18441 3111 4453 3953 3214 EEE 404 3001
COEF{Y) | 396672] s0015| 29806 | 209506 50388 23573 180490 54538 10802 172913
TOTAL 187296 7219 50097 [ 247798 13423 433711 217681 78564 INTLN] 212009




Table 6 Simulation results of field base codin

("Mobile and Calendar)

field § 1 2 ] 4 5 § 1 8 § 10 11
field type | INTRA B B PRED B B PRED B B PRED B
§/N (1) 27,34 26, 51 25.97] 27.9%6 26, 25 25. 89 26,58 25. 89 25, 84 26. 281 25.35
(CB) 3181 1. 44 31681 3161 11, 42 3L AL 30,84 31.08 30, 82 30710 30,84
(CR) 31, 84 11,52 ILE3L 31171 31, 41 31321 30.90 11.02 30. 14 30.67) 30.14
mezn QP 14,5 15. § 19,2 11,9 16. 1 19.3 15,1 1.7 13,7 15,0 1.3
bit MTYPE 664 13173 1373 §37 1455 1483 114 1483 1554 379 1491
COEF(Y) | 227211 34934 237071 112904 43782 2311 32133 36954 19076 908351 41032
TOTAL 281408 45160 330241 130348 55296 30568 ] 97912]- 48360 28368 1069361 353208
field § 12 13 14 15 16 17 13 19 20 11 11
field type B PRED B B PRED B B PRED B 8 PRED
S/N (Y) 45. 81| 25.88( 25.650 25. 20| 26.26 5. 040 2555 25.86| 125.89 25 331 15 20
{CB) 30,731 30.360 30.690 30.38] 30.41] 30.68] 30.38] 30.03| 30.631 30071 3009
{CR) 30. 53 30. 16 30.46) 30.23 30.16 30. 54 30.13 29. 84 30.52 2387 29,94
mezn QP 14. 6 15.% 13.3 20, 6 15. ¢ 17.17 13, % 16. 4 17.3 19.17 15. 1
bit MTYPE 1544 864 1399 1498 897 1484 1431 347 1421 15§17 820
COEF (V) 20200 34314 130761 20880 13367 40268 19014 82037 15928 213521 83139
TOTAL 29896 ) 100768 464161 30664 109812 SI160 ) 28200 93016 47464 1168 106256
Table 7 Simulation results of frame DCT coding ("TableTennis")
frime § 49 30 51 52 53 54 35 56 51 53
frame type | INTRA B B PRED B 3 PRED B B PRED
5/% (1) 36, 23 34,11 33. 58 1,85 33. 8] 13. 2% 34,36 33,62 33.2% 34,38
(CB) {2, 10 40,17 40, 20 40, §4 39. 70 33. 13 33. 50 39,32 39. 18 13,12
(CR) 3.0 4. 73 40. 00 41.33 19,67 39. 27 40. 05 33.11 39, 22 39. 12
mein (7 438 9.3 12.0 5.5 9.1 11,3 6.3 19. 1 11.3 6.1
bit MTYPE 1329 3490 1352 1319 3439 3307 2311 3263 3243 1957
COEF(Y) | 388945 46783 21678 ] 192183 410439 1738 137563 35713 21630 167630
TOTAL 459544 §1720 SI416] 249376 14536 51432 ] 205656 67184 500641 219360
Table 8 Simulation resufts of field DCT coding ("TableTennis")
frame 3 49 50 il 51 53 54 33 56 37 58
frame type | INTRA B B PRED B B PRED B B PRED
s/0 {Y) 36, 44 342 13,67 34,81 11,81 33,26 3443 13,58 33,04 34,35
(CB) 42,11 40. 7§ 40, 21 40, 44 319,75 18, 17 13,83 19. 7 319,13 39, 14
(CR) 43. 26 40.17 319, 33 11,31 19. 12 19,32 4. 10 39.36 39, 24 3910
mean Q? i1 9.5 1.4 5.4 9.4 1.1 6.1 10. 0 11,0 6.8
bit NTYPE 1329 3468 1344 2268 3488 3313 22172 3303 3271 2203
COEF(Y) | 485763 43839 20036 171182 31290 21074 ) 182707 38341 21504 168701
TOTAL {83400 19192 49800 225728 11128 30838 | 213416 67376 49672 220332
Table 9 Simulation results of adaptive DCT coding (“TableTennis")
frame & 49 30 51 52 33 54 33 56 i 58
frime type [ [NTRA B ] PRED 3 B PRED B B PRED
378 (1) 36. 68 34,28 33. 80 3519 33,82 33. 31 3460 3314 13.312 34,33
{c8) 42.13 40, 86 9. 38 0. 14 39. 68 19. 31 3871 3937 19,14 33,13
{CR) 4345 41,02 40. 26 41,69 39. 18 39,43 19,133 34853 39,34 1§, %8
mean QP 4.4 8.4 10, § 3.9 §,5 19. 3 b | 9.3 10,3 5.1
511 MTYPE 2640 4761 4618 3648 {685 16335 3649 1632 4609 333¢
COE= (Y} | 385405 314241 20073 ) 1893562 25014 2143 | 168944 33393 0071 158333s
TOTAL 4656694 70086 51297 24340¢8 61731 30348 | 223348 68513 49374 21850




Table 10 Simulation results of field base coding ("TableTennis")

field # §1 43 §9 100 101 102 183 104 145 106 101
field type | INTRA B B PRED B 3 PRED 8 B PRED 3
s/0{Y) 36. 490 35,080 34 74| 35.63] 34831 34530 35.34] 34 51| 34 21| 35 36§ 3L 41
(CB) 42480 4150 4L Mo AL3O| 4103 4048 40.530 40.33] 4o ol 4o 18| 4913
] 42,071 4975 40180 40.81[ 4018 39.73f 4021 350 39.19] 39 820 39,43
ze:n QP 417 6. 6 1.3 41 1.1 (4] 5.0 1.3 &0 §.4 1.3
hit MTYPE 660 1519 1471 891 13317 1526 §64 1541 1571 §53 1519

COEF(Y) [ 2112017 23119( 13345 94239 218200 14297 92593[ 19983 13338| 946821 20093

TOTAL 197360 383200 2612k 1208120 37464 27432 1202800 350720 2smne| 122370 34917

field § 108 109 {10 111 112 113 114 115 11§ 117 113
field type B PRED B B PRED 8 3 PRED 8 B PRID
S/K (1Y) 34,211 3830 34830 34.27| 35384 34 43f 3425 3547 3465 34 43| 35. 33
{CB) 39,707 3990 39.850 39.67) 39.804 39.97f 3360 3%.85f 3083 3960 39 %1
(€7 38.83) 3%.960 3% ITf 3891 39.500 39.030 &3] 3857 3v 27| 3% 97| 3955
cean QP 1.3 3.0 [ 13 49 1.5 1.9 43 6.3 1.3 L9

bit MTYPE 1560 34 1519 1562 326 1564 1981 947 1544 1350 §54

COZF (¥) LATU4 | 93507 I7ind] 148810 97693 16233 L41is| 98306 [ 18RI 142830 66384

TOTAL 27296 | 121336 306960 27544 1257360 29456) 26072 126504 32800 26648 123216

APPENDIX : ADAPTIVE FIELD/FRAME CODING

A.1 Outline
The adaptive field/frame coding is based on SM3 frame base coding. Picture format and
number of macroblock per frame are same to SM3 frame base coding. Macroblocks in |-picture are
categorized into field type or frame type. In P-picture and B-picture, motion estimation and prediction
is performed before field/frame decision. A field type macroblock is converted in manner iliustrated in
Fig.1

A.2 Macroblock type

One bit flag which indicates field type or frame type is added to all macroblock except "No MC
No Coded" macroblock. The flag is set to 1 when the macroblock is in frame mode.

A.3 Field/frame type decision
The algorithm of fieldfframe type selection is shown in Fig.A-1.

A.4 Syntax diagram

Fig.A-2 shows the syntax diagram of macroblock layer. The syntax diagrams of other layers are
same to SM3. :



@acroblock ty@

YES @ NO

diff_MB[][]=
coding_MB][]

Motion Estimation

I

diff_MB[J[ =

coding_MBI][]-ref_MB(][]

: YE

frame_MBI[][] = diff_MB[[]

coef_frm(][] = DCT{(

frame_blk1[][].QP)

bit_frm = ENCODE(coef_frmi[][})

for all Y block in frame MB

field_MBJ[][] =
FIELD_CONVERSION(diff_MBI][])

4

coef_fid[J[] = DCTY(

field_blk1[][],QP)

I

bit_fld = ENCODE (coef_{ld[]{])

for all Y block in field MB

o)

YES N
bit_fld < bit_frm?

field_frame_flag = 0

field_frame_flag = 1

4

Y
coding_MBJ][] =
FIELD_CONVERSION(coding_MB([])

I

ref_MB[]] =
FIELD_CONVERSION(ref_MBI[][])

o RN

l

MC/NOMC Decision
|

INTRA/INTER Decision

END

C )

Fig.A-1 Field/Frame decision algorithm
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Fig.A-2 Syntax diagram of macroblock layer




