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Human Perception of Asymmetrical Three-Dimensional Image
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Abstract

The 3DTV services can be seen as a general case of the multi-view video that has been receiving a significant attention
lately. However, the key factors that influence the success of 3DTV are the availability of content, the ease of use, the
quality of contents, and the reduction of cost. This paper deals primarily with the perceptual improvement in image quality,
especially based on human factors. An optimal asymmetrical coding method for binocular and multi-view images is
presented. The quantitative value of asymmetrical rate to maintain optimized subjective image quality is explored. Also we
analyze how edges of 2D images affect on 3D perceptions and propose an edge-preserving algorithm to perform perceptual
improvements. Experimental results demonstrate that the proposed algorithm enhances subjective image quality much better
than conventional methods.
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Fig. 8. Test sequences for stereo quality assessment (a)"Aquarium”, (b)"Cromakey", (c)"Football"

480°]aL AA 150 2Z#| Yol 25frames/sec®]th Al 7FA] <3
oA 19 8(a)s HE SAdo] T Aro|a 17
8 (b= B} §2%0] Hon) 17 8o Htesk
Fa Aol W ez AHAA o F5-E
J37] SAgolk. 37191 YA BUE] G hE4le) sl
woliil: G170A(Stereo LCD monitor) S A3t
13 9= ookl A% Al e AAA HEE 14
o el A3 A2 ekl Bolck 27491 - )
sHd 2pol7h 242} 2~10d BE W 321 YAl FUdellA =]

ul

0

v T34 o] JEE YERA 192 PSNR 4+ 35
G2l Atk = YERITE 1 9(a)ollA KW 38dB
o], % 9(b)ollAe= HAACE 35dB o)/l FelA

2231 225 9(e)ollA= 37d.B ool dellM 22k 4%
314 o) 24 R WA ¥58) 5= o) Ul 15
3w} A sk SuelA egks A9 4 Qi

lo

Aquarium

10.0 i
95 W‘A'
90 F //
85

5

//

—e— symmetry

7.0 —=— difference 2

difference 4
65 difference 6
6.0 —— difference 8

—e— difference 10

30 32 34 36 38 40

42PSNR[dB]44




=1=}.0 . = 51O = =
48 389 9 - uAA 33k el tiE 27k 1A 54
Cromarkey Aquarium
10.5 10.5
10.0 10.0
9.5 9.5
9.0 90
8.5 85
8.0 60
7.5 - —e—symmetry 75
7.0 Z —=— difference 2 ) —e— symmetry
’ difference 4 7.0 —=— difference 2
65 - difference 6 65 difference 4
6.0 —x— difference 8 : — difference 6
55 —e— difference 10 6.0 —— difference 8
: 55 —e— difference 10
30 32 34 36 38 40 42 .
PSNR[d‘B‘? 30 32 34 36 38 40 42PSNR[ dB]44
(b) (a)
10.5 10.5 Cromarkey
10.0 10.0
9.5 9.5
9.0 9.0
8.5 8.5
8.0 8.0
75
e —e— symmetry —e—symmetry
7.0 —=— difference 2 7.0 —=—difference 2
6.5 difference 4 6.5 difference 4
: < difference 6 —~— difference 6
6.0 —— difference 8 6.0 —x— difference 8
—e—difference 10 55 —e— difference 10

55

30 32 34 36 38 4 42 pnprasfd * ponnras! |
(c) (b)
T8 9. BAM ESE MR Y2 ekl 318 Hot 2ot (a) A" 2ot
“‘Aquarium”, (b) A8l Z1} "Cromarkey", (c) A8 Z2} "Football" 105
Fig. 9. Results of stereo quality assessment with no edge preserving 100
(a) Results for "Aquarium”, (b) Results for "Cromarkey", (c) Results 95
for "Football" 90
8.5
8.0
T 102 o] AF Gl tisid BA B & 75 ~— symmelry
- f —a— diff 2
5 483 39 A3 A= Yepdl Aot} AAA B (752 ifioronce 4
. —— diff 6
5 QULES A9 G oA B AolZ 2dBE A |00 wotrerces
_ 55 —e— difference 10
ah= Ao] AAH R Aol $5EL WolE e
5, W Fash el s Aol S 2dBE FAlgkaL (c)
HH 253} ol Ao] i R53 Bl F9A 32 a3 10. ZAM 2SS M3E ook A "ot Znt (a) AE Zn
- _ _ “Aquarium”, (b) A& Z1} "Cromarkey", (c) A8 Z2} "Football"
= 0 ~3LO H 2= 0o S X = 3
‘1?4—01]}\‘] ?é'-a‘ = T /‘lu} ek 75]74] 1 HEE °]'Z] Fig. 10. Results of stereo quality assessment with edge preserving
o Aute} vina] B AAA HEE 483 Aol (a) Results for "Aquarium", (b) Results for "Cromarkey", (c) Results
_ - N - f " "
#4 3}4d Avph 53] e PSNROIM Al om st O Tl
Hed 2 % 3l of= A A2 Quad Hee 12 27N B35 UDRIS (2ol
9 Ao e s £ RS 9L 5 9 ol 2 me |
&5 ot

a8 11e 82 i}'ﬂé— 2dBE FASFAA vt A H3
3} P& Ao v - | =

4g3je] H58 92 492 stk I8 @ 2



I~
LI

ol

3)=7] 2007 Al12A Als

A 10)E 0 A7) Sl g el 202)
REIE FYSAAL

shd Zfol& il vl 85 Az}
2 9] W‘Oﬂfﬂ BAN B daelgol] dso] $res
wolgth ey a9l ()Y AG 238 AN HIEE

Agquarium

10.5

10.0 =— .

9.5
9.0
8.5

8.0

7.5

7.0

6.5

oo T [
—=— Propose

5.5

32 33 34 35 36 a7 38 39 40 Ssnniad?
(a)

0.5 Cromarkey

10.0

95 -

9.0 /

85 F /

8.0

7.5 /

7.0 /

6.5 I

6.0 ——

5.5 —=— Propose
32 33 34 35 36 37 38 39 L G

(b)

Football

10.5
10 /
9.5 -—

9 /’//

8.5

75 1

6.5

——JM
—=—Propose

égNR[dB?Z

5.5

32 33 34 35 36 37 38 39 40

(©)
T8 11, HithE BS3ollM ZAM 25 A2|Fo| Ms ot (a) AE 21
"Aquarium” (b) A&l Z1} "Cromarkey", (c) A& Z32} "Football"
Fig. 11. Results of edge preserving algorithm in asymmetrical coding
(a) Results for "Aquarium”, (b) Results for "Cromarkey", (c) Results for
"Football"

49

283k At Astde] ol 4] 55 HolTe
o] o]= @ AAell ZAde] Fdg A dAH o R 78‘
AR Bas ey viieel vehds ZAE Az

CHAIE Zakel sHE Hot (9AIR)

2.1 d|cHz RE3to| 1A Xjolof CHEF MM 24 (9AIH)

T sk 7R = ofetal @] st iy
FdstH vty 202 34 ~4248 W19 9 7
4, 6, 8dB 3o] APk WebA ¥ & G
AL 42, 40, 38, 36, 34dBolrk. 3 I 149] o) -
sto} vt Fash el I 2ol Sl= A B o
AeES F7FR A&t APS Fdstol F 30331 ¥
x oGy 3] x 2 dare]F = 30)9] AF Gl disid Btk
)\1}\]0]_0:1\:]. 1;].;\];@ }b ]_E /\]Xh,} zzl-/\ /\];GO 71—
Zt Wdo} 7k vt sk Aol S Fof AYsiivk

I8 125 A AR 23] o= A7) 1024x
768°]aL AA| 100 ZH Aol 15frames/sec?] 9A1F F/d<]
"Ballet" ©]t}. "Ballet" 9732 H4%et 529 0] % FA
©el gagolth. 33U A HE FAE T
SynthaGramjil-2] SG222(9A1% monitor)E

b Als! 2dAF "Ballet"

a8 12. 9AI™ s} "ol ARSSH
Fig. 12. Test sequence "Ballet" for 9-view quality assessment

1% 132 "Ballet" 9414 G4l tisiA A BEE



50

34 & o] A9 AdkE vERd Aol Z4zke) 24)

= & 27} 2~8dBY
= A kel s v
W A0 ® PSNR #h & AR A AR fte] Fel
2 YERARIH:

W 3 o= AN R 36~38d50139] SHe
A 3k Aol 2dBE FAI8R= Ao] AAH o= FARE o
A9 9 A% "Ballet” M 18 13914 & 5 1ol
AAH o= oM 2jol 4dBE BN F-53} 5
Fash Hoh oA shd SRl fepsivhs 2ES 9
St ofi= bk vEA A AR (0 <
a3} g FEoll thell i — 1A ARt i + 1A ARl o
AR F2 9P MAY] ditolet Az

Ballet

10.0
9.0 F
8.0 [
7.0 |

6.0

5.0

40 / *
30 F

2.0

1.0 /

0.0

—s—symmetry
—=—difference 2
difference 4
difference 6
—*—difference 8
32 34 36 38 40 42

44
PSNR[dB]

J8 13. 9AI™ Ballet GaAlol|l Chst 2k "ot 2ot
Fig. 13. Results of 9-view "Ballet" with no edge preserving

"Ballet" @7l AA B3 daelss 489 o A

1

Ballet
10.0

9.0 /'/
8.0 /
7.0 /
5.0 /
4.0 /

Z

3.0 ——symmetry
/ —=— difference 2
e difference 4
0 difference 6
0.0 . . . . —— difference 8

32 34 36 38 40

42 psnRldB]*Y

J8 14, ZAM B3 L12IFES MEH 9AIM Ballet HAlo| st 312 @Wot 2o}
Fig. 14. Results of 9-view Ballet with edge preserving

ST 309 el i Qb <) B4

o

3 A2 39 1490 JERRQITE AAFos g L33}
HU= 314 20| 4dBE FA8H= Bt 53}
A g FHelA e HojErh

22. ZAM 25 dWE|5F (9AIH)

19 15(a)9F 19 15(b)ell AAd BEE A-8sH] &2
= et AgSs wl A T3kl 4dBe] A Afol&
FrAg v Fosto st Wt Aes 27 eI
ok 29 15)2F 2H815(b)E dAHeR AANS BT E
g3k vt Fasto] A9t A sk SHollA ¢
T YRt

Ballet

| —

/

———

—+—symmetry
asymmetry

32 34 36 38 40 42 pgNR(dB] 44

(a)

0 Ballet

9

8

7

6

5

4

3

, e

o ‘ asymmetry

32 34 36 38 40 2 PSNR[dB]M

(b)

T8 15, OAIEoIM HE 2539t v|th 2353te| 3 ME H|uw
(a) ZAM 255 MBS 22 42, (b) dAM 2S5 X35t 49
Fig. 15. Results of symmetrical and asymmetrical coding

(a) No edge preserving, (b) Edge preserving

oo g
symmetry)% 34 Aol &
HoE 3k 2 v F35.3)



2~
LI

ol

8382 20079 A2 AlE

o] 4$(IM & asymmetry) 2]l 3}E x}o]Z 4dBE
Aste] AAM BHEE A&gk Hgd Faske] A
(Propose & asymmetry)S Z2t7} Hlulsle] YERNSITE A
AA o & A= B4 AfolE 4dBE A5t B
A 535 A8dh= slo] o Faslel Hla] Adeol £
om g3k Aslde] A AAd BHEE 83 gido] 1
22 9 QET TR s SHelA A 5aE B

ol&t

Comparision(9 View, Ballet)

JM & symmetry
——JM & asymmetry
, |—=—Propose & asymmetry

32 34 36 38 40 42 psnNR[aBf

T8 16. B Foakel AAM 2o du2|Sof gt MHEQl s ot

Fig. 16. Results for multi-view quality assessment

32k G 23k Gl Zlol 3k (Depth)s Tl AMY
4 = gk 2kl el ]3| =2 9E7t
S7kate] ARE Aol oA Hrt whebs] A TV %
Fof 1olA 217 2 (Human Factor)oll &J3h =kl A
2olle] A7} o] FolHopit =90l EHQ

sh& vlatal, HA st A&ES I & 4 Qltk

2 o Bw
o]
0,
rot A
rl
gﬁ L ()
= ro -
> oY
1127 Fo
2t B
N
32
>0 N =
W
iz as
—‘: et nxg
= 9
N
U.Ct; % é
o =
o x ;j.
WGBS
O < -
T - S
i) o ox K ox
Lo X 2 o2 rE O MO ooff >

-
>
o
o2
o>

w2 E )
ot
e,
R0
o
mu ©
N
Q.
&
il
o

fr
o)
ol
F
pory
o

A} 9N ko) B S0l ARbSR AN 1E
P52 A5 0S PIE T S 92 5 U
& wolz), ARAom BAR 39 A G Ao
B9 52 A% W e 3 a2 SWelA H49
514 52 veRle REsh el o 22 AN
th ol otk Sl g AT A%H QTS Fa

7P wlelell 32ke] At Z1Ri

[10]

[11]

[12]

[13]

ikl

|
Ao
ok

A, QA TV BE 71E AwuAleldE, 2004.

o]FH, AL, "3D W AR AEX 9] Aldke] Ak Bl 7o
Slb3ek3| 4] A6, A23, pp. 10-21, 62, 2001.

ISO/IEC JTC1/SC29/WG11 Doc. N8064, Montreux, Switzerland,
Apr. 2006.

W.A. Ijsselsteijn, P. J. H. Seutiéns and L. M. J. Meesters,
"State-of-the -art in human factors and quality issues of stereo-
scopic broadcast television," Deliverable ATTEST/WP5/01, pp.
43-57, Aug. 2002.

J.V. Draper, S. Handel, C.C. Hood, and C.T. Kring, "Three ex-
periments with stereoscopic television: when it works and why,"
IEEE International Conference on Systems, Man, and Cybernetics,
Vol. 2, pp. 1047-1052, Oct. 1991.

M.A. Livingston, C. Zanbaka, J. E. Swan II, and H.S. Smallman,
"Objective measures for the effectiveness of augmented reality,"
Proceedings of IEEE Virtual Reality, pp. 287-288, Mar. 2005.
M.A. Livingston, "Evaluating factors in augmented reality sys-
tems," IEEE Computer Graphics and Applications, Vol. 25, pp.
6-9, Nov.-Dec. 2005.

Lydia M. J. Meesters, Wijnand A. IJsselsteijn, and Pieter J. H.
Seuntiéns, "A Survey of Perceptual Evaluations and Requirements
of Three-Dimensional TV," IEEE Transactions on Circuits and
System, Vol. 14, NO. 3, pp. 381-391, Mar. 2004.

ISO/IEC JTC1/SC29/WGI11 N7539, Requirements on Multi-view
Video Coding v.5, Nice, France, Oct. 2005.

S. Yano, and I. Yuyama, "Stereoscopic HDTV:Experimental sys-
tem and psychological effects," Journal of the SMPTE , Vol. 100,
pp. 14-18, Jan. 1991.

S.Pastoor, "3D Television: A survey of recent research results on
subjective requirements," Signal Processing: Image
Communication, Vol.4, No.l, pp. 21-32, Nov. 1991.

T. Mitsuhashi, "Subjective Image Position in Stereoscopic TV
Systems - Considerations on Comfortable Stereoscopic Images,"
Proceedings of the SPIE, Vol. 2179, pp. 259-266, Mar. 1994.
L. B. Stelmach and W. J. Tam, "Stereoscopic image coding:
Effect of disparate image-quality in left- and right-eye views,"
Signal Processing: Image Communication, Vol. 14, No. 1-2, pp.



52

111-117, 1998.

S5 91 1 HElRA 33 el HE kbl el 54

assessment of the quality of television picture".

[14] £3F, 94, 3 A £33} 7% 483 A5, A3E, [18] T. Wiegand, G. Sullivan, j. Bjontegaard, and G. A. Luthra,
pp. 32-37, 72, 2001. "Overview of the H.264/AVC video coding standard," IEEE
[15] 971, &8, "3k B35S 13 §9 9 Ve A7 53" 45 Trans. Circuits System, Video Technol, Vol.13, No.7, pp.
BAATRTAATA), FVE5E A 10995, 2003. 560-576, July, 2003.
[16] L. B. Stelmach, W. J. Tam, D. V. Meegan, A. Vincent, and P. [19] Online avaliable : http://iphome.hhi.de/suehring/tml/
Corriveau, "Human Perception of Mismatched Stereoscopic 3D [20] "Proposed Draft of Adaptive Rate Control," Joint Video Team
Input," 2000 International conference on Image processing, Vol.1, (JVT) of ISO/IEC MPEG & ITU-T VCEG 8th Meeting:.
pp- 5-8, Sept. 2000. Document: JVT-HO17 Filename: JVT-. HO17.doc, Geneva, May,
[17] ITU-R Recommendation BT.500-11, "Methodology for subjective 2003.
PSP/

HE 2

ol

2005 29 ;. AUty MAZetn) £
20055 9 T SA . ShATiEW MAISAAFE ST MAY
420t - Image Compression, Fast Algorithm, H.264/AVC, Multi-view Video Coding, Scalable Video Coding

of &k

2006 29 Sy MAMT|HREHISSE &Y
2006 38 T oA . S MASAAFE ST MADE
F 2420t - Image Compression, Rate Control, Fast Encoding Algorithm, H.264/AVC, Multi-view Video Coding etc.

=
=)

1
P>

200414 28 : shettystm
20064 3% : shoTystm

(=} -
20064 38 T S : SHTHEW MASAH TS S WAL

FHAlE0t : Image Compression, Image Processing, H.264/AVC, Image Enhancement, Transcoding, Multi-view Video

Coding, Scalable Video Coding, etc.

A
19804 2% : MECIEHD MAZET} B
1982 29 : KAIST M7|MAISEzt MAL
1990 : 0| o|AlZichat K| ZEtn Batuin}

O

1980 ~ 19864 : KBS 7|&¢ |

-
>
e
-
P

EIXIE TV & wo[Clof o)

19914 ~ 1995 : abgTAL HE[DICIOf ¢47t4 (MPEG, HDTV, HE|O|E|0] i)
19954 ~ BiAY ¢ StUtistn HASUHFEISY ug (YHSY & UEH2| A7)
1998 118 27 : npel7|aRtet o4

19984 128 319 : FESUFHUY BF

=
FRAEOF  JHAE| & JHY

Hi



