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Abstract

With the rapid development of network multimedia technology and the continuous application of
H.265/HEVC video codec standard, how to encode video efficiently is one of the hotspots worthy of
attention. Aiming at the problem of efficient coding of video sequences, based on the motion esti-
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mation principle in the process of H.265/HEVC inter prediction and the probability statistics of the
best advantage of SS video image, adding the judgment early termination search condition, a fast
coding algorithm based on improved TZsearch is proposed, which effectively reduces the video
coding time. Through the coding verification and comparison of classical video sequences, the im-
proved TZsearch algorithm not only meets the coding quality, but also reduces the coding time by
15.37%, and realizes video coding more accurately and efficiently.
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1. 518

H.265/HEVC 1EN H i 28 F ISR A b, 2 EERFVR A GmAgAE 2S8R, 4l 46 58 /1 AH
BT H.264 1271 50% [1]. % H.265/HEVC Fafd 2 (321, H Um0 th SURl FRAR[2] . e rbipia)l Hil 2
I 5] 52 2% B st v (1) R BRI N g EL R s e B 5 R R &, F 2R 7 i sh it

BRI R B B b R EE[3] S4B B R L [4]. = DR E L (Three Step
Search, TSS) [5] /&% 4= ## % ik (Full Search, FS) [6]1%. F#% % & tEVCHEL B A 72 o 75 B A — e R R 5
W R Y R I R I ) 2 R A v AR, AR PR B S I TR e MR A SN R g AR, b Rk
BRI S, BREE RN E G RBER . ST DR TR, B o 5t g g 44
REFEIFE T — RV I, 347 7 Hk 0t  Li X S5 NS H —Fh I T /5 I 48 R ASAR 1) 2deidk TZSearch
B, SR B AR TR, SRR T 2 30 SR, MU RS 1.7~6.5 fiF, 1%
REFRR/NT 2% [7]. Tang 55 A4 H—FhdE 18 B 15 LU 18 R BR (1 502 TZSearch 539%, Wiy 1230 &
FURH RYCR I IRECN 4 BN RN, 8302 M RICR FHIRECH 4 BN A 280, e
FH M K 8 RPCR F M, X Fh gt TZSearch 5343& H T FATHALIA SR (0 ALS0F 51 [8] -
Purnachand 5 A\ $& H —F 5 i & B A 24T I ot TZSearch 5%, AR TZSearch HiEkh 4
I\ RS AR RIS, T2 AN B BB TS, I AR R Earsoe DK, 4
ZA KN T BT BE RIS 0T RIS LT R [9]. Kibeya 55 AN HY — i 5 k% 40 AL 48 2 1) gt
TZSearch 535, AHARMEE Z0 K AT S R AR 2R, B\ SEAS R BRI T R,
FrHE tH = Fh b A48 ZR AR RO 28 BR AT A RS FE PRI I /[ 10] 0 B IR BB K 20 H T8 3l AR 1A
B H, BSOS 2 AT A 2 A BRI R K, IR B R RS X A A A i S A1
HUS BN GRS, FAEMRREZE . RIDHCRARE B . A —Fp 5T B0 TZsearch HIHRIE S
R A, A i S A A A [F38 BIIRZAS 40 B BB etk 70 R 2 R 5 8 1) [ I 32 T 7
TR, YD T gmADET ], B I0E T SE R A S D (137 55 o

2. BERIET
2.1. B4R
H.265/HEVC "R AZEFHULE FEshfibih, B —miiamE ol N X s, @il 24
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ARG = PAE Cgmpd G b SR AEILEC e, T THRIZ B 0 B [11] o KA <18 79 i L5 30 it A T i Y
BAITor oy BCH AR R = B, RIS R VG AE S H b 4 JER e R R iR 2 i B, Jl I BT
P U TR R B 2 i TR VT RC L, ANTATAS 31 24 i il i) B FE DL BRI H B M e il )i sl ok &
TEGmAL AT N 7 B 225 BUE IO B S B E 2 BT SR s K&, ISR KIESE S
B 22 B30 OO HH 4 T

2.2. BROCEEN]

BT EAA — AN ENERADE RPN ITE R, AN AR IR AR A B A B B H RS B, 97 HLPT
FEAE R AR R AR, AT 3 350 i e 48 A AR 0 72 e o X SO BT JC 4 U] 4 il 2 e /N B O 22 %
7% MSE [12] 4axti% 7 F1 SAD [13]F1# AU % ¥ MPC [14].

1) MSE #EN:

MSE (x,¥) = 1103 L1 (mon)= £ (mx,n+y) <1>
2) SAD N :

SAD(x,y)zM—lNig“i(m,n)—fi_l(m+x,n+y)| @
3) MPC Y-

MPC (X, ) = 23T (1, (mom), . (m-x,n+ ) ®

=1

KA XA M. N, (x y)Rorizshfliid, fff  ZR4mEgRGEENSSEEBGEER.

TEIX =ANULECHEN ., SAD #EN A& Sfelrikia b, &N 2 . FEA SO KR P I R U 2k 47
PRI . A ARSI hTE AR A R B H 3 R JARA T kit Jaggh k&, FREAMN I iHH
LU

J =SAD(X, y)+4,-R, (4)

Hor A RoRFIMHE T, R, RN
3. i TZSearch E%
3.1. TZSearch B3 FRE

RIS p A E SRS ANE, AR B — BB 8 s DU UT R, e DA — b 5 — R4 AR (]
I PEE 5 R A iRl . TZSearch fE N RIEM R, B MREGHREHA, WREMA /A
Jite I\EAA S SO R riSE, BARA 1 B

TZSearch 5L A FHAE R A 94 RARIA R, L35 H AT SRR T AMVP SR TGN HT 2 46
R R, A AR E R MV X 2 HT SR AT I E v S Stz —, I
MER A PR FRRARN I B S ARG R T O, FTEERINE. A5, JP KN 1R
PIRAR R, WREE DS AR R R, PIIE RO 2 IF 2183 as b I, B
rih 62l R e g WA, MBI R IR A M ARER K S I ZOP KT B0E K BE N R
AR, fRm RAUER M. Z5 BRTIR, TZSearch SV R4 RALMA I 1 (R Jt /D48 2R R], 7E
HERA AT 58 2% B T T 344 T2 Ak
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Figure 1. Schematic diagram of TZSearch algorithm
[& 1. TZSearch E: =&

TZSearch FyRmfE EARFEIR G0 T

Stepl: I Z SHITIN . KH AMVP HiRFE AMRILIZENRE MV kB A R AU 5
Step2: MEIRIE R R LD KON LIPS, KA\t JrBE, B2 ok s in, 4548
FRHER /Ny 64 KUGHAT Ky 1. 20 4. 8. 16, 32, 64 MIBNIEER, 1EH I B/ mVERIZIOE K

ENIbE L WEE

Step3: HWZILKAET 1, WIFE EAEIZD KAYZGE i 10 0 A 28

Stepd: HHEE LKA TRENBCERIPK, PESHTRIGE R GOuL, £ M2 A DY R

BRHATR, &N ) RN RIS KRR R

Step5:: VARG 0 SRS 2 S L s AR N BT a0 R R, R 3o BRAT ][RI SR A A AR AT 34

W2, BHIRAELE AL BEE R PO A E LR R, TR RAFERE MV M SAD.
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Figure 2. Flow chart of TZSearch algorithm

2. TZSearch B &R 12 E

DOI: 10.12677/csa.2021.119237 2327

BB  5 R


https://doi.org/10.12677/csa.2021.119237

BN 2%

3.2. RILENERS ST

£ TZSearch HAM R I e H, WEIGHR A UZRD KA 1IFE, PL2 MEEURUSE N, 2R
KN 64 RIRBEAT K 1~64 IIBRIEZR, R IXEIRATY 4 + 6 x 8 =52, TZSearch ikl R DK
ET INERREON 4, P RAST 1TIHERKECY 8, WEERREOY K BUEN 1~7. HEIZKE
FO R PR B R A, R LAz s E I A R R BRI s T T R B B URR A6 A

T 7SI SIREAT TZSearch S5, et UIENG h & A HRAL SRR a0 1 PR,
k=1 R BGE m e s R, MEAR 5 54% 54 k=2 RUPAHZRD KET 1R BIRI A, #F
i 30% /it k = 3 RUIGLRDKEET 2 MR BIRA A, B G 9%/t k=4 RPLIMZOPKET 4
I HRE R, MR 5% k=5 RUILMZOPKET 8 IRBIRM AL B E 1%/A 4 JER
BRKT 8 MR M LR T LU IS AN

Table 1. The best probability statistics of test video sequence
= L WRASF 5 b &AL S AR R Gt

AT 5 1 2 3 4 5
Race Horses 50.25% 31.54% 10.32% 5.32% 1.57%
Traffic 53.65% 30.25% 10.58% 3.74% 1.58%
Four People 57.35% 29.31% 8.32% 3.21% 1.31%
Slide Editing 59.25% 28.35% 7.17% 4.35% 0.68%
Basketball Pass 50.29% 31.23% 9.96% 6.76% 1.56%
Park Scene 53.37% 28.32% 8.42% 9.32% 0.37%
AVERAGE 54.03% 29.83% 9.13% 5.45% 1.18%

WRIEE 1 ARG SR, A IS s 1 DUBUR RN 75 22 AU KR A REFR B IR AL A1
BRI N R S 60%/a A R R LA, AT EITHR, HERPRNTET 8 1K F
I e A IR AL 98% L L, R WIAE 2 AT 48 2B 46 e 1) Al Bl RE 06 4k 2 fie e md o

3.3. TZSearch EEi#

TS A SRR G h, SRR TET 4 (W RDKAKTET 8)i CLaets k2 &l
Mo fE TZSearch 5% LA 2R [ € 2 L4e, #MRXBOLE N 4 +6 x 8 =52 X, IR R JG9LL )5
T A8 R I gmbd T R 4, B ngmAgmt (8] . X B3 TZSearch Hyksudt 77y, @ik i A Wi
B A 07 AT A R I AR PR B AL AU S IR A R R, T FEAIK TZSearch HiEH R
VBT iGN A] . SSGdk ) TZSearch B0y R A RGN & 3 Fis .

TN WA Rl 28 1148 2 26 AR i ik TZSearch By AR BAARE IR I T -

Stepl: HCLAIEZR S HITM . 75 FLAMEIE MV HOE B AR VE @ i A 048 2R A

Step2: ML ZR mi IR ZD KN 1 IFG, DL 2 MR RGN, AR S AEVCECIENE H 3 e/ )
FAERZ UG KA R R A

Step3: #HMZELKET 1, WFEAZDKIG RS BEEMHN AR FRRPKRTENRE
P, DUUETERBIE R SO, £ — @ RHEN e TR, EiiEd 3 SR
VERZI AR R 1 B A

Stepd: AR HEVCECIE N5 S 548 20 K R FrA UILAC A5 1) SAD {8, #5 B UL A1) SAD {E 5K
TUET R, WSERT T R R AR
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Step5: LARGTH D RS B B AR S A E ABCHGE 5, EE LR PIRET IR, EIRM AR
RPN BRI BRI, HRAFRAE MV A SAD 8.
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Figure 3. Flow chart of TZSearch adding judgment of early termination search
[ 3. AR AL R R 4R TZSearch BIARTZE

4. WIEEERMMERE ST

R T EIE FiRSHE TZSearch SHEMA RE, 54 R (FS)5H 4. TZSearch Sy EhikEs . LA
HM16.19 IR 4, 3T Visual Studio 2015 7£ Intel(R) Core(TM) i5-4590 F-47i 3.30 GHz Al 64 £ #1F %
ST SR 7S AN G SEATIN R T 2134 T 36

FNANEE FAIIN T 510 43 AR EURT 30 i UG AT R, FEAE 7S MRS B AL, 43 S0 e i Rk
PIFS ZN P RAAIEAT X LG, = Fh SRl A R B gD ] W5 EE PSNR. LLAF#% RATE
SRR TIZE . MR SIS BT LL 25 R 2 TR

Table 2. Comparison results of coding operation on three algorithms

F 2. ZMEERRETEILERE

FS TZSearch st TZSearch
el QP Time  PSNR  Rate Time PSNR Rate Time  PSNR Rate
() (dB) (kbps) () (dB) (kbps) ) (dB) (Kbps)
22 220505 4166 1717060 1816.96  41.65 17139'4 1616.37 4156  17054.25
Traffic 27 1626.00  39.00  6186.11  1339.82  38.99 6185.90 1201.48 3889  6123.85
32 1389.35  36.52 280426  1144.83 36.53 2803.41 102432 3636  2782.65
1i% 37 1270.75  34.02  1383.65 1047.10  34.01 1382.73  987.47  33.04  1331.45
* 22 47.83 4160  879.91 39.08 41.60 878.91 3453 41.32 893.37
Basketball 27 40.34 38.08  435.16 32.95 38.06 434.95 28.31 37.89 443.24
Pass 32 39.70 35.52 236.32 32.44 35.49 235.41 26.96 34.98 225.72

37 31.47 32.32 116.36 25.71 32.29 115.88 23.25 31.99 117.57
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Continued
22 158.66 3883 532470  128.66 38.80 532234  95.34 3869  5421.30
1% Race 27 134.75 3373 292165  109.28 33.72 2920.77  86.36 3354  2949.98
i Horses 32 115.73 30.16  1586.12 93.86 30.08 1585.85  74.62 29.81  1604.82
37 104.24 28.50 901.66 84.54 28.44 901.22 65.57 28.62 939.57
22 126220 4050  9351.65  1024.91 40.50 9349.65 89335 4037  9336.29
27 940.73 37.86 372463  763.87 37.83 372390 683.06  37.66  3767.96
Park Scene 32 834.03 3537  1641.63  677.23 35.36 1640.16  580.70 3510  1655.04
37 762.99 33.10 726.85 619.55 33.04 72555  553.85  32.69 732.62
22 362.15 4341 300166  293.34 43.39 2999.34 25749 4312  3033.14
= Four 27 303.82 4110 125262  246.09 41.09 125160 21396 4082 131347
% People 32 280.74 38.49 666.60 227.40 38.47 665.97 20027  37.98 688.27
37 269.97 3562  379.03 218.68 35.61 378.19 19476  35.09 402.29
22 299.56 46.77 147832  236.95 46.77 1476.70 21595  46.65  1501.99
Slide 27 285.36 4110 114399  225.72 41.03 114225 20842  40.82  1180.40
Editing 32 298.76 37.00  850.98 220.52 37.00 849.86  203.07  36.68 861.76
37 276.60 32.65 593.53 218.79 32.63 592.92 19653 3257 630.42
AVERAGE 555.87 3720 269825  452.84 37.18 2697.20  409.83  36.96  2726.46

AR 7SI 730 R S5 R Se i, nTLAE H TZsearch 550929 AT [R)AH L 448 R > 1
18.6%, I ieidk TZsearch ik gty i) SUA 3E— 250/, A EL A48 R FEIRD T 26.3%, i B 2iuidt TZsearch
T8 SR 0 G 2 AR EL B B S . A Rate A1 PSNR SRE, 42482, TZsearch M TZsearch 51
SHERIVERESBEIEA K . PSNR KU G g i 7 sk, AR AT DA HE FS B gmid v RERE £ T
TZSearch Sy A1t TZsearch 57% .

NTHEEMXTE TZSearch Figkilt TZSearch Sk X, 15 HAAM SR A% 2 o 1) g A 1 BE 48 A
BD-Rate [15]. BD-PSNR [16] VA K P Sy gmid it (8] (5 20 bl OB AS R RS NI G 45 3 /il 2%
NS 3 F4E 4 Firzs . BD-Rate o 24 2tk TZSearch 572: 5 TZSearch 532 [1°F- 15 PSNR AH [ i & A Eb 45
RGN, FE N IER /R TZSearch HIE I 4mtD i GEFEMK; BD-PSNR FoR kit TZSearch ik 5
TZSearch 532171 Rate AH[FIF PNSR 3 0 &, {8 1E R 7= odk TZSearch B2 14 1t e d2 FH[17]
[18]. izzhinf (A A = (5)#E AT EL K :

T =T
AT _ TZsea-rIfh-lmp TZsearch ><100(%) (5)

TZsearch-imp

Hop oy ) o BER IR ol TZsearch BEIZ B THE Zd 2 T AE 9% (U 8], 4» 1 R ust TZSearch ik
5 TZsearch S22 24l v 48 22 1 78 BT FE 2 6T (8] F) 24

M 3 F1Z% 4 WTLLE Y, TZSearch Sk (1) F-15 PSNR {1 Lt TZSearch 5327 0.2218 dB, 1]
TZSearch Hi% B4t I REBE U0 T I A W4 T 2 (b 48 R 2% ot TZSearch 83% . 433 /51 TZSearch
Bi%IA PSNR N HURRR I IN T 0.52%, H4mfih i 7] 5 TZSearch HyAH IR/ T 15.37% /5 4, tHEE A4
I KT TZSearch Bk, UbAh, AIEIE DR NGRS R0 2 AR, 0TI IS 3 70 44 A5
TZSearch 524w i% S (M AHE: T TZSearch HyEgmAgET [k /D> 18.41%, Xf T & 0¥k 1480 TZSearch
SRS I ) A T TZSearch B3k 4w i 1a) e/l 12.34%, ek 5 i) TZSearch Tz 54044 (1) 4 i
BRI 2. JCHEXT T RaceHorses.yuv X MUMUTF1], AL, MSINFEsh S, R
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REAE R B e DL A SR AT & AR, Gmfd I (R 29.34%, T4 I RUCR T A TR RRAR . ik e Y
TZSearch 5w LAMERf . e RO S IUALIIZm S, SEA AT RURS Qe e . AU AR T, TG A2 5
TR RS F K.

Table 3. Comparison of motion estimation on TZSearch and improved TZSearch for low speed video
2 3. (RRMIFISRIE R T TZSearch 55t TZSearch BiXzm itz B LR &R

\ pE fi bt -

AT 51 i ] B A
BD-Rate BD-PSNR

Traffic 0.47% -0.171 dB -10.74%

Basketball Pass 0.69% -0.312 dB -15.14%

Race Horses 0.52% -0.235dB —29.34%

AVERAGE 0.56% —-0.239 dB -18.41%

Table 4. Comparison of high speed video motion estimation on TZSearch and improved TZSearch
= 4. SRR T TZSearch 55i# TZSearch BEAERGITEEXM LR T

el I} 1] B
BD-Rate BD-PSNR
Park Scene 0.84% —0.242 dB -13.81%
Four People 0.14% -0.518 dB -13.74%
Slide Editing 0.45% —0.652 dB -9.47%
AVERAGE 0.48% —-0.470 dB —12.34%

5. &hig

BEox e R ARSI A1) T R, T ot (] 00 3 v ) B i T A PR I R SR E g i R P, 3R —

i3 T oidt TZSearch IR S A5 0I5 3% Pl e A BB e DL s IR Ge vt I T3 AT 2%
IEAR M, ARSI R KRR MIK . Zid /S 228 SR S Jm A% S0 AIE, B0k TZSearch FLiEAEH 2
S At o A 11 [ I (6 A A I TRI PRAR T 15.37%, SEINAERf . e 2k S IR A0 5 o

Sk
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