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2.1 Psb

Xt 225 ) AN Ak B AR 47 i )R 2t AT S T) B B g, JF B R AR 2 3R
AFE 2 H#ERL. R2. R3:

SR At R1 R2 R3
X 5 1080 x 1920 — 540x960 — 270x480  — 96 x 128

lﬂ\é)\a—‘ﬁ$R3 E 552 fllﬁ J{L ﬁ?fCFrameAnalysisFullRef::ContentTimeAlignment ,
PLArHERRLIMIR2A4E P2 W, /7 ¥ cFrameSeq: :ReadFrame.

TEE 2 H T A R BR B SE B A BRI
4P 7S B2 30 —UCRE B 7 R

K4

S35 A B AT 51 P B R IR, RIE RRAEEIFA R K 23 3R
BRARHI A FFRRIA T AT RN A, H/E5R 2K DILIESIR

B F T UL AC SR A AR 233 3 it
BEfGY BxZ(ES . 2EEY BE[FT
JE U —» Ri1 (540 x 960) 7| R2(270x 480) —» R3 (96 x 128)
A
i r I
N PagiL] B A

TLR B %
i A
v

SER | pE e | pEmEe SEFE A
JE 4 "1 R1 (540 x 960) 71 R2(270x 480) R3 (96 x 128)

v

BT.1907-04

22 Bt

18 FA 43 HE 2R R3S AT 51 A A BRI (0 4004005 471 338 4 7 e 1) 6 7

I T 56 v A A 1136 VA B 7 2N A T
1) HEZE A FHR—A [E’ i (Ref_anchor) °
2) 4—%@*%5%%?%qjﬂ%llﬁﬁﬂﬁﬁfﬂﬁﬁﬁlﬁﬂﬂ (Deg_best_match) °

M54k 5 5 A B IX B DCHEC i ( Deg_best_match) , B'e 55 %55 HE’ W
(Ref_anchor) iz fimidb T VCES . ARFEAHAPESIHE, M Deg_best_match#IRef_anchor & [l i
AR B —ANFEULEC ML, e A N VLR oS o 22 T A3 (it AT 2E iy Y -1 2
(] FIARAAPE 4, R FH ek i

sim = exp(-mean square diff(a*x+b,y)) (2.1)

CLRGEFERIZ Has b, AL A AN 2 25 oty B Y P IR AUE 2 [0 R 3207 IR Z 5, W2
%%ELLEP E/‘Jjj?ja‘FrameSimilarity: :similarityo
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1) 4 SR UL S R WO e 4z VL RS GRS Caeilid 7832 TR » fEDL 2 |
ANVC S22 J5 R UGBS WU o R 225 ALY SRR B (AL 21, 2% B 20 P A4
WIS, 22 F I MBS SIS B LD TFARILRC -

2) GRRUCEC WO A2 SeULie” , KA S5 — D ASEIR e i EE A
D JHEILE. BFoRxT “sga” RS TRNME B 7242038, ILECTTIR & 2
R RAE KRNI ZREFE AN E DL N EUE: ARGEM AR A (2.0, &2
I"IFR90.98. =510 & E WIILAC R LG, TTBR 2 BAIA 70,984k, FEH ML) JF
GRULHC. XAF, 2t D210 E WL, WREATERMK T, 1TR&E X
AR, ELZEFFPH/MACL, A EfSEHldn i i

SQ TimeAlignement::findAncorAndDescendo.

K5

I TR0} T 7 ik AR, RS 155 B — A B R i A 2 B P 31 o 2 — G AT UL A
RIFREPANFIIFRS, A FH T EE— B R RET ILR

il b iszibunio]

BT.1907-05

IS TR R AR 45 R — AP O B —A “ILECSIR D, KRB AL 41 i
B> B gy 2 e S RS — ol B — RN R R BLIL FCAS 2 08 41 iR It (1 45 78
o IXFE, XFTREE AR B, AR AR ) i A QUL EC RS — R 2%
AT, AL BRI ALY 21 AR L B “ARILEC” FRRAF RO, R 25 A L 51
Sl bl =<0 R Y VP R U0 R N D e U e R o 2 v = N U
R ZAREAR, AR AARRE S ESRbS = B A “RILECH” 87T

B 2 A Y W5

CFrameAnalysisFullRef::sqVTA ContentFrameTimeAlignement Mo
2.3 F[H]_ BRI

Xt AR ARSI A1) (0 AT it fse B2 3k A7 2 Tm) 3o e I .-

1) AN AR AWOE AVEEC T, AT PART 23 [0 o ARz i DLAC R, e Ab PRI Y
AT IS FJ R s P ] %o 74 PR DG P 471 3R — 25 2 i TR BEAT 22 TR X -
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a) XFEE—AMi, SR HE N0 (TEKPFRMEEAA T D o X F/E8EM
T, I 25 DA AT L DG Fe Mo (1) 2 1) X 4
by KM T2 KMERR, REZRAE TR OKFMEETT b
1) o WIERASE 123 A AL 2= 3 B b Bt (R0 AR B (1 228 W 188 R GRS T
AT REO AM/hzES, iR EARE. 2T, KA N RE
rmse (Y (dv,dh) ,Y¥ ref) + abs(dv)+abs(dh),
HA YRR PR NRLFALFE T WY 1, Y _refRR 3R NRLHKI S % I,
Y (dv,dh)RK =A% AdvAldhir) . @ AL mTY, dv. dhsddil s 7K Fi B 7 )
EALRE, FEAY BRI SR U =T N T SCREA N R AL RS . TR
BTt Hrmself, Sy 1S S INE R A FAL R, B2 W AN A A
C) XA, AR AR R REAS BIAMEE, B MUK 2 O RT DAIEE 0 v S 8 ) ot ke gk
TR IE.
2) H 3N WA ER R — DR T4 ME R, SRR AL WEE2.97 .
3) I HEZ JG, ARYE R B I TR AR B A e ) 2 (R A7 # B2 R UL EC A1 2%, b
FRAR AT 1) vk — MRS A — S FEORE L 0 2 2 Wil (Bl 8 Mot 25 FE IR 175 900 A8 7 A A xS
R 25 , BRt,  Ab BRI A B RE e RS A M S 2 AT B, X2
BNk RR LRGN E- 2

ifm%%%éﬁ%%ﬁ?ﬁCFrameAnalysisFullRef: :DetermineSpatialAlignmento j\jT:@,

PSR S8 A, Al AR IR2) AR EE TR (#4MERD -

24 ARG DS R
BERH—A TRNERONORS, 5 — LA R R P

B, X AR O R2 A A B R IR 2 25 It AR Y #9500 A AR/ N 13 X A3 Ik
T X E SRR A A £ R . BT PERR2ABEM I3 HE R, (A S /)
i 5t

JRERIX R Es_preMls_ref, I T A THFHAHNE s FIZ F7dD:

S = (cor( s _prc,s ref) + 25) / (var(s_ref) + 25) (4.1)
D = sqgrt(avg(( S*( s _prc-mean( s_prc)) -
(s_ref-mean(s _ref)))"2)) (4.2)

Hofr, cor@AMMRME, var@ MM IET X RREN T £, Bllavgtl LT IX 2k
TR BRI TIIE, sqrefon IR, BUE oA s T 22 8] i S A e 2R R

FERX— b, AR Z S AVERFIES . DR 7 & — Wi BUE R, & A BUE X BT
—ANIETT BRI T R EE M AOES. DRCFIME, S EES. DEAM
A
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25 RIS
HRAT LA G LR 5 T
B quantile (X,O)FRRRMBVEMEXIEL (B 4 ffic-quantile, i b,
FREXUSARTFHETFO. MFETLHH e, HMEUe g
q = quantile (X,C)
SERE, EXHI I A A — NN T B % T

PR £ trimmed_meansE LR, XANFFSEAELUS M, X THFEX, trimmed mean&x{tc
I L B L-c o B2 18] B T~ 3404

trimmedMean(X,C)

BN, trimmedMean (X,0.1) /& 20 T x*H10% B/ DNEIECFN10 % fe KHIEL 2 J5 B 0B
11 351H

5% (x>c) xR T eRBUE RS, Bilan:

trimmedMean (X,c) = mean (X (X>quantile (X,c) and X<quantile (X,1-c)))
AR ERTS, Wik AN (4D Ks ARAARX (4.2) WMottt H LN R E8UE
s m = trimmedMean (S, c) (5.1)
d m = trimmedMean (D, c) (5.2)
s delta = s m - mean (S (S<quantile(S,c))) (5.3)
d delta = mean(D(D>quantile(D,1-c))) - d m (5.4)

ffifc=0.2. F6ZEX d mfld deltaMIE W EIR.

6
JAEREDIN AT ER, BRAGXE (BEaFEEHLE) FHEMANMAZT R K ESHEd m,
SHRMmERE XS KPR FPHEZHE5 RAEEd delta

| il |
A

d_delta

0 0.2 0.4 0.6 0.8 1.0

JR B R
BT.1907-06
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§§3:5$HDE@ff;ip&j?%ECFrameAnalysisFullRef::ComputeSimilarityo

26  BRBPBERMETE

He Zop THEAE 72 73 HEEE ORI, XX ANRe 14 FE B 1 2 B 2 6 AN Bl AR fan i iR 5T N
I FE T WLEE, HT IR RAESFIRRLI LT, W E X% an] WERH
NRAE, MWMERTTGE, RN R
1) KPR BT R S50 G IS o X RBUF 50 s —mi, X2 A WA
FRE, —MXRTAKFA%Z%, — AN TEEDS, £ TSR Evercrad n
FlhorGrad n.

2) TP A HE B S 0 B AT SR UL S A2 ISR A, P2 A AN R E, — XN T /K-l
G, — SRR ELIA A, AR R AR sunn Ml sum o

3) XF sumw A sums LA KnFl i # BEm, AT ZCRMEMFI9ME, R T R 2

vq_AngubsampleifEio

RIE R TR/ An) 4 ﬁ%édnjﬁ‘jq%‘E‘zﬂi\‘y\jvq_Angubsample F 25 KN gE S AS [R R A% &= 1
Ei%%%”ﬂgdelta_edgeﬂﬁﬁﬁﬁi%ﬁ;%o

Bl JEaR i RN ARJERESHITE D HF R B RN 2B S, Bk, aniRA7
Eﬁlﬁlﬁgﬁ%éﬁm, ﬂ‘ﬁvq_Angubsample(X,Z,O) ‘ﬂ]vq_Angubsample(x,Ll)@E{A%Hﬂ Eﬁ\[fz
ISR, 7B AERAAE, R KB SR 1 52 56 s an (T 48 B B Ak B 1AL
B A TR ZA S 225 P 51 I BUE R K

KN B Oy A AT DASE S R T S BE 2 40, Hi, norcradMivercrad &Kl
e E AT E R, SRR =S,
verGrad n(i,j) = Y n(i+1,3j) - Y n(i,3j) M
horGrad n(i,j) = Y n(i,j+1) - Y n(i,J),

Hrry ni,3) RaRMInFIYFIAE (i, ) MVE G RE. B

vq_AvgSubsample ( x, step, offset )

THHEREXLLD K Nstep. EIIRIE R Aot £set T RFHE N T HMHE.

// loop over all frames and compute:
for ( UINT i=0; i<horGrad.Height; i++ ) {
for ( UINT j=0; j<horGrad.Width; J++ ) {

w = (double)verGrad(i,j):;
h = (double)horGrad(i,Jj):;
// sum edges (-2: small differences can be the result of integer
// values used to store frames)
sumW (1) += log(l.0+max (0.0, fabs(w)-2.0))
sumH (j) += log(l.0+max (0.0, fabs(h)-2.0))

’
’

}

double dHO = vg AvgSubsample( sumH, 2, 0 );
double dH1 = vg AvgSubsample( sumH, 2, 1 );
double dW0 = vg AvgSubsample( sumW, 2, 0 );
double dWl = vq AvgSubsample( sumW, 2, 1 );
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edge max = 0.5 * (vg Max(dWO,dwWl) + vg Max(dHO,dH1) );

edge min 0.5 * (vg Min(dWw0,dWwl) + vg_ Min (dHO,dH1) );

// now: denote by edge max (i) the value of edge max above, corresponding to
// frame i of the processed video sequence, and by edge max ref (i) the values
// edge max above corresponding to frame i of the reference video sequence,

// and analogously for edge min(i), edge min ref(i). Then compute:

for ( UINT i=0; i<nbOfFramesInProcessedVideo; i++ ) {
// get frame nb of ref frame (according to match-list)

UINT i ref = (UINT)floor(ref frameNb all(i)+0.5f);

float delta edge = edge max (i) - edge min(i);

float delta edge ref = edge max ref(i ref) - edge min ref (i ref);
x(i) = vg Max(0.0f,delta edge - delta edge ref) / (1.0f+edge max(i));

// blockiness (i) 1s then a non-linear monotone transform of x (1)

R BT T RE 2 RAE R 7200, T 2B R — Lk,

= f:j] Z< %Z {‘%" tl%:‘ ‘f_&L H‘ ﬁ ;& f)nb E/‘] % %B éEH _'"Iij y_ll_s vquad_hd::vg_BlockinessPhaseDiff and
CQualityModelFullRef::Blockinesso

27  BHAFERFETE (NERE

AL O AT Sk IR ) S 7 ] ) AR 28 1 A8 B Az 2l 5 5 (1 A 2 VAR 48 (10 45 RBCT- 249K
THRE 2 R i 4, 12309 1 ZOR B W& X el 257, 27 o e 2 L= Ab it
RO a], Wl AE B b VER S T A B AR A R iU BE e AT R R, N T
B B — WU R (8], EEHEAT R ETis shsm

IBENASTIERFIEE 8 2 T A [ A B ALy 51 300 18] 25 A5 B MR, 2T HR U
Feol i ZRAE B RECE SR, SRTE U 15 B PO 15 00 . ZRE B REES
BN, Fy—J5iE, R E I R O, 8B AT R A RO IS Bl A AL 41
BORHIEUE -

NS R T SR, JER R A RIZ SR E R Brnotionnt, WIEBMERKE
repFrame. MUE /RN AR B displayTime, % & A PRI BRI A 1) o — i () 3 sl AN 1
9€§%jerkinesso Eﬁiiémﬂﬁ, giﬁimotionInt%%ii%Eﬁf%&%gjﬂRzH@YSFEﬂJiwwﬁgﬂg@ﬁﬁﬂ%ggiﬂg
BT, Rireprrane ZonWiE B IR, HIBUR T 23088, & Wi#H ol fe 2 LT e
HE: AREEE AW ILT, SEhrbigEE AN, ARSI ERREL T, S
Bt 52 CLHT ORI A ON0. i sl st AR /MEA O, iR 2 I ) 8fE, # b,
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0 if m(i)< p/2
repFrame (i)=<(m(i)-p/2)/p if p(2)<=m(i)< 3/2*p
1 if 3/2*p <= m (1)

Horbm (1) FoRMEZ 98, RIEZLY, EHFESHp=0.01.
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int vg CalcJerkiness( const CVector<float> & motionInt,
const CVector<float> & repFrame,
const CVector<float> & displayTime,
CVector<float> & jerkiness ) {

/=

// the 4 parameters of the jerkiness measure: determined using a
// large sample of video sequences containing temporal degradations
// only.

float a = 0.9f;

float b = 5.0f;

float aT = 40.0f;
float bT = 5.0f;
/=

// get probability of new frame = 1 - prob of repeated frame:
CVector<float> newFrame = repFrame*(-1.0f) + 1.0f;

// count number of non-repeated frames
float fNbRepeated = repFrame.Sum();
float fNbNonRepeated = repFrame.Length () - fNbRepeated;

// calculate jerkiness
float fR = 0.0f;
// look for frame repetition intervals (=~ display time)
// of length i
for( UINT i=1; i<= iNbFrames; 1i++ )
{

// look for frame repetitions starting at position j

for ( UINT j=0; j<iNbFrames-i+1; j++ )

{

float fP = newFrame(j); // prob. : start of repetition block

for ( UINT k=1; k<i; k++ )

{ fP *= repFrame (j+k); // prob. : all repeated frames

if( i+j < iNbFrames )

{ fP *= newFrame (j+i); // prob. : end of repetition block

}

// calculate the display time (in s) of frame 7j,

// if displayed from
// time t j until t (j+i), which occurs with probability fP
float fDispTime = displayTime.SumPart (j,j+i)/1000.0f;

// -> measure jerking and add to result
float fIFDiff = motionInt( Jj+i-1 );

// normalisation values: such that at 0 jerkiness value is 0,
// and saturates at 1

float ¢ = 1.0f / (1.0f+exp(b));

float cT = 1.0f / (1.0f+exp (bT));
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float fJ = 1.0f / (1.0f + exp( -( a * fIFDiff - b) ));
float £JT = 1.0f / (1.0f + exp( -( aT * fDispTime - bT)));
fJ = (£J - ¢ )/ (1.0f - ¢c);

fJT = (£JT - cT)/(1.0f - cT);

// jerkiness value: propability * interframeDiffFactor *
// displayTimeFactor

fR = fP * £J * £JT * fDispTime;

// add to jerkiness vector at position j+i (corresponding to the
// end of display time)
jerkiness( vg Min(j+i, iNbFrames-1) ) += fR;
}
}

return 0;

9% ﬂ: EZ Bﬁ H@ éﬁ ﬁﬁ j& 77 %E vquad_hd::vg ProbOfRepeatedFrame %H

vguad_hd::vg_CalcJerkinesso

28  RHAMOS
J:fﬁﬁ%fﬁﬁg%%ﬁty Hﬂs_m*ﬂs_delta%%ﬂjE@*ﬁﬂiﬁf, Hﬁd_m\ d_delta*ﬂjerkiness%%ﬂjﬁg
ZSE, ERWUR R R aisplayTine, A VPAL LA, XK E KIS T4 H
L HIRUAI R B i
N T REIX LR B B — el R N, — S ST R 2
SSR—R, v = S(x)

KH=7EH (p_xp_y,q) X ERESHATSHA, ZSHAGUTHIR: ©_x,p_y) ZER
X RPN E, gfPimiIRR, Ak,

S(x) = a * x™b if x<=p x
d/ (1+ exp(-c*(x - p_x))+1-d) HE (8.1)
/\I:':l:
a = p_y/p_x"(g*p_x/p_y)
b = a*p_x/p_y
c = 4*q/d
d = 2* (1-p vy)

AFEZEIISR B &L ILIET7, SHERBME fT G, 152 B LT 21 5, ARaH%
TREONAR R 13500
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ZH, SIEERERER T AR TP S E BB S 4 MBI EUE, IR By A 13
ERVEUE . KR, EREH B Tl S BUR IR, WnE8HTR.

MO, G, AR LI AR R R SR A, (B SR TRMESE
EQINE &

ds=1-sm+ 1.5 s delta

B RREREAASIERE, — A SEREUE A EDE 28tk cod par, Hfa 2N
LR LA HREITEE A a_cod, St ARSI AL ™ A2 5%

FEASIRE AT SR RIS, Ko s 51 I 55 A0 ¢ O J8 0 7 [l A
d trans, fiﬂ%’f?iﬁ%ﬁlﬂ%o

HApad, X+ Ripovs, RAKEa sMiE R K Eaisp cimefEARA, HtN

d_cod*nd_trans ’ lﬁﬂ% @iﬁSplitCodTrans ’

SplitCodTrans(d_s, disp time, d cod, d_trans).

NHEDy SRR 7RI, R

stat.STransform(x,px, Py, d)
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KNSR E, HA AR ZAR BB EUE X, BLR AL (8.1) W (px, py, o) BRHI=AZ
.

SplitCodTrans ( const CVecé& v, const CVec& dispTime,
CVec& v_cod, CVecé& v_trans ) {

// these parameters are determined empirically
float gPosSmall = 0.55f;
float gPosLarge = 0.65f;

// g is the mean of the values in v between the gPosSmall and gPosLarge

// quantiles.
float g = r.TrimmedMean ( gPosSmall, gPoslarge, v, dispTime );

for ( UINT i=0; i<v.Length(); i++ ) {

// the parameters used here are the result of fitting to sample

// data
v_cod(i) = stat.STransform(v(i), 0.07f, 0.1f, 2.0f);

// Note that the STransform is not directly applied to v, but
// to v(i)-g . This is prefered here for numerical reasons of the
// resulting STransform.

// v_trans is part of v above quantile value g
v_trans(i) = vg Max(0.0f, v(i)-q9);

float px = 0.5f * (g+0.2f);
// the parameters used here are the result of fitting to sample

// data
v_trans(i) = stat.STransform(v_trans(i),px, 0.1f,16.0f);

gEﬂRE@é?%ﬂémﬁ§D&CQualityModelFullRef::SplitCodTranso
KB, d diff cods d diff transKH Tfromd m. d delta, JHITBE
d diff = dm + 1.5 d delta,
H-18 H

SplitCodTrans (d diff, disp time, d diff cod, d diff trans),
A EH T PSR 25 =t 4k
cod par = (4.0£,0.05£,0.2f)
trans par = (0.5*(g+4.0f),0.1£,0.4f),

Hr, 57 Bmfhtsh—F, oRnma B i EE, R HE Na aiff cods
d diff transo

BTk, I B s A BISTR AR He kv 55 2T I P S Bl A1V OB A 8 IR 1A

d t trans = S(max(0,jerkiness-q))

KA H (max (0.048,q), 0.2,40.0) G HFISEERIISE, KRiEg AP RE0.557 12
F10.65 7 AL 2 [ i A L B TR B, I e 240 b R AR AR RS20 0

gtﬂﬂEﬁéﬁ%ﬁéﬁﬁ#p&CQualityModelFullRef:: SplitTempTranso
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g cod = (1 - d cod) * (1 - d diff cod) * (l-blockiness) (8.2)
i A5 B R SN
g trans = (1 - d trans) * (1 - d diff trans) * (1 - d t trans).

IR T IRBUAER RSB ZJF A AL, M2 IE5X RS v 1 B
EBIRCER, W g trans@HNg £q, XPARILAEFIR.

K9

BELFRATERBEEOPIF S I — KB, BERERTNELENHBURE.
R H LG R R 75— IR BUAEE — KB ZJEAA DL, AT B
WD —RBUHIREM GE—MRREK) « WRBEE KIS
PABCK B (8] Bl R 7E R IR B CRIAKIER R E%)
AR BRI,

5.0

4.5

35

30

25

kA G B (240

1.0

05 1 1 1 1 1 1

BT.1907-09

TR 4R AT T DA R 15 B R AF A, T 1-o transfENIAR RV, K
B disp_timefEMUE RN A5, I RAEEE 1 E T2 1] % £rar=1000, SR
g fqg=1-w, (8.3)

e rFros PR AR Bl R
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DegFreqg( const CVec& v, const CVec& disp time, CVec& w, float dT ) {

// time constant for temporal integration of degradations
float t const = 80.0f;
w(0) = v(0)*vg Min(t const,disp time(0))/t const;

for ( UINT i=1; i<v.Length(); i++ ) {
// integrate degradation over the last t const milliseconds:
// use an indicator function, which is 1 over the interval
// [t i-t const, t i] and 0 otherwise
float dT_sum = 0.0f;
UINT §=0;
float v_sum = 0.0f;
while( dT sum < t const && (int)i-(int)j>=0 ) {
// b is the overlap in [0,1] of the display time interval
// of frame i-j with respect to the integration interval
// t _i-t const t i
//
// integration window
[/ mm e > time
/] \ \ \ \ | frames
//
// ->| b*dT |<-
//
float b = vg Min(t const-dT_ sum,disp time(i-j)) / t_const;

v_sum += v (i-3j) *b;
dT sum += disp time(i-3j);
J++;
}
// compute the fall-off factor a:

float a = exp(-disp time(i-1)/dT);

// the degradation is now:

// 1) a linear combination of the fall-off of a previous degradation
// and the current (integrated) degradation, or

// 2) the integrated current degradation (if it is stronger than 1)

w(i) = vg Max(v_sum, a * w(i-1) + (1.0f-a) * v_sum);

B S
B Braisp time (1) oMl IR ], jerkiness (1) R Xt Fis 9, M2
(8.2) JiHqg cod, MAIN (83) g fq, &

Qt =1-1/T sum i jerkiness (i)

Q fg = 1/T sum i g fg(i)* disp time (i)

Q cod = 1/T sum i g cod(i)* disp time (i)
}§q3T=sum7i dispitime(i)%ﬂsumﬁiﬂéﬁ%i=0,..,numberiofiframesﬁﬁ¥§?ﬁéﬁ21ﬁﬂo
RATMAG 242K, JF HFE2I[1,5] FIMOSTEH -

s =4*Q¢t*Qcod*Q fqg+1

9§ﬂ:@§§}%ﬁwwE@éﬁﬁﬁpaj7%£CQualityModelFullRef::PredictScoreCodTranso
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