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Saliency Variation Based Quality Assessment for Packet-loss-impaired Videos

FENG Xin' YANG Dan? ZHANG Ling®

Abstract This paper presents a saliency variation based full-reference objective quality assessment metric for packet-
loss-impaired videos. The method explores the application of visual saliency information. Motivated by the observation
that packet-loss induced errors often change the spatial-temporal visual attention and correspondingly the saliency map,
we explore the spatial changes in the saliency values between the original and distorted videos, and the temporal variation
of the saliency map of the distorted video. The proposed metric was tested on 17 packet-loss-impaired videos and evaluated
by a subjective test. Experiment results showed that the proposed method provides significant improvement in correlation
with subjective results over traditional non-saliency quality metrics and the saliency/ROI (region of interest) weighted
pixel-error quality measurements. This demonstrates that saliency variation is effective in evaluating the perceptual quality

of videos affected by packet loss induces errors.
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(Quality of experience, QoE) /™77 [ >k & T it
G T QoS IR £ ANAI 5T 5t VE AL 772 32 A ) 2%
FEARRIE RE B AR FE 3 A, 380 3 4 357 1) 194 28 R A3 )5
1D 19X 4% DR 3 R VA1 09 28 R 1) 953 49 A v 2 =41 36
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DEWNR N G o> i 1 22 A 22 ROBE IR 2R i e A1
(IKFE B 7)) 38 (R a3, Hor, Bitass
TEVHE AL 2% — W5 o P s, J7 a5 Bl d Gabor J7
AR E] 4 N5 TS E (0 € {0°,45°,90°,135°}).
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(a) ZwHIRSLT “Aircraft”

a) Example video frame “Aircraft”

) ABIARATIT “Leaf”

(b) Example video frame “Leaf”
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MERXSEE. (L, B GRS AR
9 BRI (HEP “Aircraft”, MOS = 2.45 i% H 7411
9511 Wi “leaf”, MOS = 5, ¥ EFFIIKIA 12 W); R
I-SVAM Al i) 525 15 I 8 8 RFIE ) 1-SVAM
R 21 10 2% )
Fig.2 Comparison of I-SVAM with motion saliency

feature and without motion (Included in each subimage
are: packet-loss-impaired video frame (“Aircraft”, MOS =
2.45, the 11th frame is shown; “Leaf”, MOS = 5, the 12th
frame is shown);
I-SVAM; saliency map detected by I-SVAM with motion

saliency feature.)
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saliency map detected by original
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R 31 350 g oK B S B RRBAIT 7 P (1 b K a2k,
Hop 5 7 & ME i, =500 BRI 5, AR E
WEFIEZ R, T 4 3 SR AT 25 ek
RFAIE, DAL, ARSI K R 00 21 i B R
BT NI, 17 AR EHE 137 5slid ek 1
(FErb I Rl O A 000 & 3 1 S P B, L PP
25 RAME N IR SR ).

R MR GAE (T 5 A A IR 4e)
Table 1 Descriptions of original video dataset (the first 5

are the training data)

5 R IEAS JF 9 etk
1 F1 AR AL HIE SR
2 Car R NEv
3 Bottles REAL BRI T AR AR 2k LR850
4 Wave AT 7K 8 5k
5 Plane —HRHAE A R, AR AL
6 Bus NI T I T X
7 Leaf BIHALERUA 325l , BHEHLTCR3)
8 Optis LB IR
9 Ship PRI L2218 WA R

10 Stockholm Il T R i

11 Whale IR, WSV AR

12 Living room TGN B, 2T XA L et

13 Liberty A g, — AR g 18 kit

14 Mobile DR K ZEAT R A D N8

15 Bedroom GBS, =R M1

16 Boat N T LB, AN O AR b
17 Aircraft —HE T KM ROk, B Lok T

BT IR AR VAR A1, A SCREAU, SEBLALA 5 41 4
b <ot — ALy — T2 M2 LA — fiRis” i) aid
P H A ) 25 A 2 SLRR AR 41) B4 Jo o 2 () IS
F I8 LA E L AN E B R R DL A RN,
(Forgiveness effect) &5IZKISEM, KL, 24 TR
RE % YHEfff B WA 5 8 0 ot ) B 25 RS R, AR
SR 5 A A 2 S R 7 51

A AN AR AT 91 o AU (] 2 ~ 4 D
HAG WAL 56 BRI S AR, I g it B 45 1 K
IPPP - - fj—/> GOP (Group of pictures). SE448
RIS BE R 2 FP i /2 A X A s
HH A B A BT, O ELAE 3K B I 0] 4 B R & S RE 6 i
J A5 B [ P A 0 32 4. 0 A A ) e AR A
FEA, SR JM10.020 giifith /it i 28 AR 3 H.264 FEA
HEZE (Baseline profile) AT 44 /i, HSHOE
[FIFE R HERASE K 128 kbps, AL R EL QP = 31,
13 PSNR= 34 dB. WA &E—WiTa B A g 1) 1
—A~ Slice, H4E4—> RTP (Real-time transport
protocol) i Befbir. Ny T HEFR A0k A B 15

Wiy, AR Lk 25 i A A7 3 i 1 L R L
FER AU P 258 RN, A SCEFGE— Z I WMF 511K
o3 Wi B4 Wl RS B = h AN S
BRI ER, s d T W2 2 A 1k — A 5L
PR 22k, XA HIUG 25 BB DR AE 25 (8] AT [)
I REL R EAE, HEIMIR SR, ) Kk
(A TR P 2 A T A 2 77 QY B 5 5%
A AN IE ARSI A AL R IS 2.

2.2 FEMIEAHRE

F 5T B PR TS AR F LU T i B & (Single
stimulus methods, SSM), B4 — M5 W H =%
TOARAR, I %0 BT WL AR ATHS AT AN [F) 2 2 1) 52 437
oL AN E —l 2 576 1 (%) ~ 5 (|
) FEEGEE NS AR A TR E S
I SIS AEE, B — TR SR 5 NI
AR 1 T 5 AN, X 5 ANFAIE T RS
AV, TR 12 MSRELET . 32 A dEL
ZOUIN 20 B — AN WK Z) AT VRS T 28, G
(i) I A S W N0 T A A 471 0 — AN 56 BOWE
WP 2075 5 2 4y W %2 177 LCD Wor
i, LI RT L R 0 0 E  RA E E  U
W25 HE 4 ~ 6 RO/ R, S8 HAR 7 1HI
(250 E ITU-R BT500-1100 #3515 . 32 {7 W
W 2Ry — SRR F1HT 53 00 ~F- S R A i A7 471
(1) WP 34 VF 52 34> (Mean opinion score, MOS),
T 45 BN A SCHE I U T VAN VR R S
FRUE.

3 ETAREENTUMAMRE T E

NHR AR 35 Bl — ML R e, e Bk
BLFE A 1R _E 0 ) 40 R B T B B,
LA B TGRS e R e 47 o R et A K R
Bt PUSE ) e 2T R BURAE R H M B2 J= 1A 1
AUREIE B RS, XU E B ST A RN
MIFE R B, I, ARYEREAS NRTR S R AT 55 9K 5)
(RIANTE, B A R R o R DX B AN A [R]. 4R,
BRI FIRES AT H ARAE 55 o R 12 AMIHEK
W1 B RIS AT A SR R AR IR L R
M AR (B ARG N TYHRNER)
IRV WRSTIEAE N R IR WNIESE =X (RS Pl E
RIARITAR S KN B WY LA B K 2R I
DI, IR A S e RS A S )
ARG AL RAL S5 LA T R 17 AR L5

TR RN, R A 2 5 R A R BLLLR P A
T ot: 1) WSR 5t 0 m i E R, A
PUEAE A E0 RO 51, B S8 kAT H I I R
555 2) W i AR T AN IE R KR AR,



1326 H ]|

¥ {1

374

2T IR B R T R e 30 B S D AR T S
XL RE P R 20 50 5 I 25 A8 il Wl VE R IR By, A A
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B IR 2 RO, AR DAL AT =R RL.
K 3 FIos BRI “Adreraft™ w, 7E ) [ F 5. 5
AT RS Wi (K 3 (a)), CHIREA WHLE
AT R 5, X RS DL, AR 2575 H 2%
HRFWAE H KN TG g LR, SR, 4
BT S XA <l R -2 R AN
S A (2R E 3 (c) T Eas]
AN BV GRILEC ISR, BT 5 /e 50 A B i s X
WA T 2R, NIRSP XL w5, ok
JINE T B BX L X IR . (HAE “Leaf” H,
HH T 25 AR R T B At 1 S R s e, FEAH B
M2 (K 3(b)) S (K 3(d) MR
(B 3w el X 3k) (A7 i AR A AN K. TR B B AT
(PR VEAL 45 5, “Adreraft” 7050 % (MOS =
2.45), “Leaf” M #URm (MOS = 5). Ptk e
R T NS5 AR 52 B 0] A8 4 1Y) 22 /D e g
S 52 A 5 W A ) . 38 T T S 2 LR
2 PR AN B 5 5 DX 3 ) 2 ) — B[R] 22 e, AR SO
T B T S T B A B T R PEA T

(a) “Aircraft” fIZH M
(%5 11 )

(a) Reference frame of

“Aircraft” (

(b) “Leaf” [t 55
(G5 12 i)

(b) Reference frame of

) “Leaf” (the 12th frame)

the 11th frame

(c) “Aircraft” BIZHAIT
(3 11 wii, MOS = 2.45)

(c) Distorted frame of
“Aircraft” (the 11th frame,
MOS = 2.45)
S5 WU Z A K ECAUIUTAL 5 i T DX 0 L
(D% IR T-SVAM K3l iSRG HT 5 25 FOA)

(d) “Leaf” [yszHitismim (5
12 i, MOS = 5)

(d) Distorted frame of
“Leaf” (the 12th frame,
MOS = 5)

K 3

Fig.3 Comparison of I-SVAM detected FOA of
packet-loss-impaired frames and their corresponding
reference frames (The boundary shows the detected first 5
FOAs.)

3.1 M= EEEZEEETH

FH T 9 4% % A A A AE 25 i) b AT R AN 1 42
Je A S R A A, DRI, AR PR B ) A
B 43 4T, 2R i 2 2 W 1 5 16 3 B 9 i DX 3EUAH
L, 2 I st () AR R s R R AE T ARk,
TR 23X 26 oy 5 4 2 ) B AR e o R v = ) i
ANER YN G TR eE - WA e E N (o e
FEFEAE — e FEE b e T A R 2. PRl
IR ST A s AR A ) AR TR AR, B2
AN B2 AR 2 ] 1 25 () S 35 1 72 57 (Saliency
deviation, SD) K& &t A0 K ECAR 1) B0 5T

4 g(w,y,z), S(x,y, z) 73RN IS A
NAZFMAEAL TR (2, y), t W20 EFE, LhS%
PRI 52 1 A0 1) 3 2 1k 22 S (R b 550 i N33 7
ZE P YN R NG 22 e JE = AT IS L&, Iy
Jii, MR AN [F) 5 V2 I A5 380 1) ok 38 v AR A R A
A2 (0] IR B A R L AT GE vl I 453 B AR ot
RPN g5 3. Ha b F AT

1) 3T 7% (Mean square error, MSE):

SDMSE = My (E(,y)(|S(,y,t) — S(z,y,1)[*))
(2)
K, Eyy 2 EGENRTFEEA T, M, 2%
PRARLE IS TR 455 (1)~ 35 55
2) HT P40k %= (Mean absolute differ-
ence, MAD):

SDMAD = Mt(E(m,y)(|S(x7y)t)_S(xayat)D) (3)

3) JEF&ik 7 7 (Difference structural sim-
ilarity, DSSIM)

Gy 7 S P H S BT AR AR DL ) o
Jii%: (SSIM). A4 3Ck [1] b SSIM [1)iH 5, X+
ZHW S ST S B E (2, y,t) 2
VHELILSTJSERR A 0 BT o HORN 45 R 2, IS
S FZ AR S 15K AL SSIM pap. XL, HHT
SSIM S T 55 9 i Pl 450 F I ARABLBE L IRUA Y L Ay
[—1, 1], b A il BRI IGO0, BRIk, A T
THE R R E M B R G — By At 22 e AL U7 ik LR,
AL FE SSIM. iR b H (i HA7 5 SSIM 155
el 4500 22 5 R (DSSIM) & ARJR SSIM, H 1k
SDDSSIM (i 55E Ll

SDDSSIM = M,(DSSIM(S(z,y,t), S(x, y,t)))
(4)
) DSSIM (i AHh

DSSIM(S(z,y,t), S(x,y,t)) =

1 — max(0, SSIMyap (S (z, 9, ), S(x, 9, 1))
(5)
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M 4 MRS E AT BLE ), BLE =R SD [1F
i 7k MOS #5A7 8y I GARE. wfRLH —4¢
M T g /s S UL 45 B 1K) i ZOR IR X A G RE
JZ.

83 i
= } }

0 02 0.4 0.6 0.8 1
SDMSE

(a) SDMSE vs. MOS

0 02 0.4 0.6 0.8 1
SDMAD

(b) SDMAD vs. MOS

0 02 0.4 0.6 0.8 1
SDDSSIM

(c) SDDSSIM vs. MOS
K4 JLF MSE/MAD/DSSIM (123 [0 5 B2 T AR 4k
FOUM PRV 7% MOS IR (b, it fe/h — 7
WAL, B Rl EMBALR R 95 % EAGIXH).)
Fig.4 Scatter plots of MSE/MAD/DSSIM related
saliency deviation based video quality metrics vs. MOS
(The curve is fitted by least squares fitting and the

vertical bar indicates the 95 % confidence interval.)

3.2 ETZHMSNE EEMNALEZ TN
L F P A IR AR R I TRL R 271, SR,

TR A ()RR 5 200 TR AN 2 PRI 1 7 o m, Tf A
FE I TRk 1 2 B H HL R A R, il — e S
PRI FEAR A (R IE TR DL A IR (1) B 2 i %
Y S RN RAR K AL SE ph o, (R 2 AR
FANEG L IEARRES R AT R, Bk, wha b
(B A AR S AT 271 X 50T 1 - PR 1 B B AE
R A AR DA 7 b, % RE R AT ) 35 2k B
JEE B I 7 ¥ 2 R SR L h s ) ) R L A
ZEI 1) _ESRAIE M 58 Minkowski SRA122. Ttti
2E2123) A3 b T 2 AR A T el A0 v e A 1
T8 HH IR 1) f A e Ll I Al — S AR T R 08 52
i - TN A D = R AR A i 2. STk [24] 14
VB Fi5 Hh AT S [0 358 10 i 28 A % i 0 % 1 L AT £
AR TR. BT E SR A ERRE AN AE 2 ] _ B,
A 7RI 8] P 51 L3 il R 2832 3 H bs i B2z skon] W
(0 S A T N HIR 25 2 0k 8 1) S R BT IR 5
T SO JEAS S B (e T A, IR, S S i AR A I
V) 3k b 1) AR A TR JE B 0% s WA 1) Jo e o . AN S
2t 3y 0 R D AR I TR () AR A B R DF
b RUIST ) 35 RN B, 256, B X m(t) N
BT 555, W mg (1) A5 ¢ sz 4t i 25 )
A

ms(t) = Eay) (S(2,9, 1)) (6)

[P mg () A ¢ WO J 25 Wi 25 B P 2 T
FLOES 4T “Adrcraft” I “Leaf” [ m(t) K. 7]
PLE 2], AT R 2 W “Aircraft” (MOS =2.45),
mg(t) Fl mg(t) BEAT I ) AR AR LE AR 24, T T
FUERIF ) “Leat” (MOS=5), mg(t) M mg(t)
LAAR22. PIt, TS m () MOFRHEZE Rz R
SZ AV I TR] 48 1) Sk % 24k (Saliency temporal
variation, STV):

STVs = STV (ms(1)) (7)

Hor, STV, () SAFHEZE LT R AT LA B4 R
B STV, N mg(t) KIRIEZ.

6 25t T STV, FEMPFI 7% MOS [HIEL
M, ATLUE o B R gt o oG, [N
b, STV, BEWAE— & R B 1 S e 32 53 W AT 1 o .
SR, ALK 5 (a) “Aircraft” F1E 5 (b) “Leaf”
[ STV, F1 STV,, BATRIL, ©ATHAR AR
MU, FAEERTA MRS 4 (WL 7), — 2
B AL, 0 “Liberty” (MOS = 4.36), “Ship”
(MOS = 4.00), 3 STV, s F STV, dE%
ML 17— S8 iR 22 A, STV, 1 STV, [H{H
W8 —FEEE s, 1 “Mobile” (MOS = 2.63); H# %
— LM STV, th STV, M2 tkit K, fl “Bus”
(MOS = 2.8), “Stockholm” (MOS = 3), “Boat”
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2.45)
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’
Ez
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Fig.5 ms(t) and mg(t) of the example videos
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Fig.6 Scatter plots of STV, vs. MOS
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PR TV T B R, T S AU 1)
BRI TR STV, ANRE ARy e VAL ) 3
U, AE G s R) R A I s R I AN g
i B R AH N, T o A — A AR TS S
—J7 I, S R, &8 LA SSIM Y TEAG
Ti B (VRS THEA SRR [0, 1]), ¥ STV,
b5 25 1) 75 305 AR RN i B IN #RT LA S — 2 AR A AH
BRI, A 45 AT A PG Tk AR, k)
T s ) S5 AL R AR 2 S ORI AL A
5, 41 “Whale” . “Mobile”, ¥4 [5] FTHS [ AH e 1) il
GITESR T A A . Bk, AR &4 th— 4l
LT N R) — 2 ) Sl 2 R AR, RTAR A
AL (Saliency variation, SV) BIVEAL 77k, Rl
X (8):

0.035

Stockholm -9-STV;
0.03 @ s
: " ——STV,
= ¢ =y Mobile
Ly n
=002 2
= [
5 's
001 S n.ll,_iv'mg roOmL iberty
Bedroom
0 Leaf
2 4 6 8 10 12

Sequence 1D

K7 IR STV, 5 STV; (XL K
Fig.7 Comparison of STVs and STV; of all test videos
'ﬁ\
Ay Whale
TTERY L e
. .a .p\ * % un 1le
g.; A spe o
+ SDDSSIM | % i
2| * s, Sk &
A §xSDDSSIM s
(1] o S+SDDSSIM s
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Quality metrics (DSSIM-based)

K8 AN i) — 25 Al Bl A 70 e (LA T DSSIM
HIPPAG 52 o0 B, P e AR IR M2k )

Fig.8 Comparison of video spatial-temporal combination

methods (Taking DSSIM-based method for example, the

dash line is the baseline.)

SVMSE = STV, x SDMSE
SVMAD = STV, x SDMAD (8)
SVSSIM = STV, x SDDSSIM
WIriEm, STV, ANJRMRT- 513 & 7240 23 145 B
filtEr, ik w] b AR AR T G R TR R PR Ak T
YN

= = Y
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SROCC EMAHIHEXS L. AR 2 FIE 9 T LUE
T AT Sl R R R VR A T R L AT i
FEVE I VEAL 77 vE AR 5 MRl A DGR B IR CHR
. o, B SWMSE HJARZR M AHSR AN, I fi 5 T
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WA, LA R BAHRIL R T 0.9 DLL.

TN, KRS S o AT I (LR 10),
B5T SW IR DAk 77 1k B A 184 5 R AR A Wl 2 IR L
(PR 2 25 P REASHE 26 H LA JE A D v A X R
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SD VA 5 v 2o 4 0 Ok B0 5 S IR B v e S
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g LB SW K75 1% BE AT RO oAl 25 A R ST )
AR, XTI HGE S TR S e AR
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BT SW BT A 75 IEALIH I AT R 2R, BT LI
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Table 2 Correlation performance of all quality metrics

MOS vs. MSE SWMSE SVMSE STV, x MSE STV, x SWMSE vQM
PC —0.6610 —0.7252 —0.9172 —0.6632 —0.7613 —0.7701
SROCC —0.8112 —0.6783 —0.9510 —0.8392 —0.8322 —0.7063
MOS wvs. MAD SWMAD SVMAD STV, x MAD STV, x SWMAD -
PC —0.7068 —0.8298 —0.9076 —0.7535 —0.8566 -
SROCC —0.7692 —0.8112 —0.8811 —0.8182 —0.8531 -
MOS vs. DSSIM SWDSSIM SVDSSIM STV, x DSSIM STV, x SWDSSIM -
PC —0.6429 —0.7645 —0.9264 —0.8404 —0.8548 -
SROCC ~0.5105 —0.6294 ~0.9510 —0.7902 —0.8881 .
5 5 5
4 }{ t } t 4 {i *{ % Aircraft 4 } % $ * t
é& { {. g3 i % % \ g5 i { { ‘Optis
Aircra—"4 ‘)F’“‘“\g 8 {_ 8 Aircrul'l"{ f
2 . 2 2 ;
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IU 0.2 0.4 0.6 0.8 | ](] 0.2 04 06 08 1 l ) 0.2 04 06 08 1
DSSIM SWDSSIM SVDSSIM

(a) DSSIM 5 MOS mff =Kl
(a) Scatter plot of DSSIM vs. MOS

K 10

(b) SWDSSIM 5 MOS s
(b) Scatter plot of SWDSSIM vs. MOS

F 7k MOS (LR (FErp AT R 95 % BARIX[H)

(c) SVDSSIM 5 MOS s
(¢) Scatter plot of SVDSSIM vs. MOS

Fig.10 Scatter plots of quality metrics vs. MOS (The vertical bar indicates the 95 % confidence interval.)
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