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Abstract ; llumination consistency plays an important role in merging virtual objects into real scenes for augmented
reality. Real-time illumination direction estimation for outdoor scenes is important for both illumination consistency
and high realism of augmented reality. Aiming at problems of illumination direction estimation, characteristics of il-
lumination direction estimation for outdoor scenes are generalized, and the taxonomy of illumination direction esti-
mation methods is presented. Existing illumination direction estimation methods consist of light probe sphere based
method, stereo vision based method and artificial intelligence based method. Relevant fundamental principles and
typical algorithms are concluded, and their advantages and disadvantages are compared in detail. Finally, accord-
ing to existing problems and challenges in actual applications, future research trends of illumination direction esti-
mation for outdoor augmented reality systems are foreseen.
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Fig.1 Outdoor illumination model
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Fig.2 Tilt angle 7 and slant angle y of an illuminant
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Fig. 3 Taxonomy of illumination direction estimation
methods

2.1.1 ABhRRIRFRRARE 0 H T %

AR ZEBTFE TG B LA R Rk i 2 5
R B HE I BRRAG B R T B IS 4. Zhang
SRS/ —FE R AT ke LTI ER bS5
B =4I E R, ARG E R 2RI
A RERESESH . XM AEES
MEREGFAE. C. S. Bouganis SF1E 3K E R 7 1
T F X, AT X i — A e IR , A
T KRB ROL R 2 JR A THERSH Y. X
ke R, BRUAE R RA AR
SRR SEIRAE 9 45 E W) Feng I 2 N RA
BB R S SR B O ERAE i e 9, 8 B
IR RIREAT L, RS A B R P B RS
B0 (B Feng 177168 TR AL E, A AR SLA 1331
TR B — B LR A R

Zhou FHRH T —Fi BEWS [F] i B <€ 21N B IRAY

HEHE 7 [ A0 MR B A s . SR 0
2% 18 [F] e B 18 S St 4R 1 P 5% T S A 1A ) D' T
B, AT BB R BN B AIR, TR
T B BR G 7 P 48 SR H 6 I 3R 2 A2 R0 7
B RGBS IERE R E8 R B R R
Shorg, BrE TSR ORI R R E, 5 E
R EIREOCR T ). Z )5, ] XA RA
SERTE R EIER , 38 A3 ' I 3R 7 A 5 o B R T e
SITHE A IERCRE R/ MU, BB A B LR E
AERIRA R A B R ZE k(2627 B
A5 b, Zhou S8 T —MbTH R RS
8 FHHEZR , BEA R Il 35 35 57 v B4 [F] 2K B
BEEESE ™. Ma R & BABE RIS H
BRI E G ER T B , 8 5 K-/ NE B R Al
R HEMN R BRI E, PR « HE
REEMATOMNE , R RS FEEREE LA E
MAPASMETE LG R P2 ERNER Y
rﬁj [29] .

X ETTEE, SCI B TR R AR S5
Rt DME MG B RO RS e R iR HEZ,
JEMBRAETAE, W HZRE RS HIOLNER; 4
RPR A, GRa ek, FERELN K
B BREFHEREG RS, X KT ERAE
PR R RR .

2.1.2 Z4MEE

{8 A UM RO R T S S etk 2 0 D 3R A
AREY, T LOME B RO RS YRt — B
A (R, 78 52Bs B A H OB I BR 3G H A J7 68, T L
A AR E G Pl B ER. AR E
HARE B SR LS B, s AR ik, B
WA E R R O RS PR A4

Zheng BRI YR RA BARE RS
ek, BRI E R E R, T LMEE HOEIR
B f R , R B B R =T R K.
Hara S8 H] T 2 #R B 2 — R EE OB B W
Tk, X 2 M EATFERBOCIRA T RRIEL , B
WE A T EPORIREE R G 88 1 ok
BEoRyg YRR AR BB AR, A%
RAASIIE B SR St 4> B A8 5 4 &, L #
AEBRPFEMBIRME. B2 B HFEURER
Shor2EGIER A, B L& AL Torrance-Sparrow



- 392 - BB R & % #®

BT1%

ST R ST RN B U0 AL SRR A 22 24K, BB IR 4
BHETRHSHEMC MR, BR BT8R
HARER, Bl e a2 X 2 HirkiERe
MR EgIUNER, RS RS REER A
K. Xie Z43 2 Bk ARBHALMG T — K
IR R I IR IR B, B e RE TSR
B G R B— TR R R IE &M T
AL REEXMEE T =R HERRSHE™.
BE, XMy EBFEDAGRN =4 IMER, 3
FOERATORB T 5SS HLE A% /T 55815
#. M. Bingham 25 F 4 5% b BT AASAE 5 22 1A B
X 1o % B RIS B R 0 IR A5 B, HE T S Ot IR
Hy =g AR BRI R B R b R
1 M6, 3 B ESRYMA R B 8 5 B PR E |
TEEBRRL IR, AT REAF7E 2 R R KB 0 8,
I ALYk A T BE B ST | T B Ao H by i
b B R RAGER T Ll eI, AEH
T AMER.

SRR AT LA TS R PR E LR
{00 L Sato ZEFFHASHE AR RO BB M5 8., BB 1
BHE G RIERAEDY . BR, XA RER
FEEEERS AR 2 Mk RE A, B ZH
FAS AR TR ST R B ED AR, Wang SR
FEASRPHERNR, RED QSRR HIL
s B, B AR RE R, T UM
B3 B R B A IR R
1. 25, Wang 28 %8 1k 347 T s HE, 40 A I 0
B BRI A b B A T B B A . Li 454
ARG T AR A B KRGS A BT
— BB 7 T RS T E R 5XRR35 11
FEMN, R R A R ERE kR T AA BEE
T S S, R MG T P T 0B S B IR . i
SR T — R R E E RIS B LIRS
W7k Zor sk R T IR AL B, A B IR
SHRERE M@, 3 a7 BT Al —1
REANBBOCERBIH S5 H 87— R
R B BRI ESRT, B RGBSR TE
NS BRDLR, RERTRIMNEA.

XPF P AMER B S Rk U, B R A REE
WA RERAL, P AR R SR
HB U1 B I LA A 2R, B X K sk B >

AT ritga.
2.1.3 ALk

R ZR PRI, FEC MG R
B G2 R B AR B A 7 rp R i R T RS R,
PDHPEE—MEER BRI MK s B A&
%E R X F TAET PSR R BRSE RGUR R,
RRSHEER P ES TR ERE, R USEZ R
e, Bt R RSN, W T HBERME, %
R B LA R 2R T S5 FRAE 48 R 2 HU% 5L
TRARME. EXMERT ARG RER TR T
AIERE RIS FEBA SE I FIRAE S AR R AR
R FIGE EALRIEOL T , #1245 70 328 1) B L A%
ANTE Tk BRI R TR,

HIEFIFR T T —F RS MEMGTHERS
BT, T EER TSR P HEES I LRIE
BB BT T T S AT B R X
MRS BRLRER I, FITIgE 3]
K MSBUEAFE A, B EEHTRENE YR G HE
1SR, BB RBBOK, MELAT B P SML A T L
PEESR. S. Y. Cho SFFEBST MRS IR I IR AR
BT RIS R SRS AR &
ATERPYRERE RN RERAD BERPSERE
W7 3 HLAF AR R T R O . e A
BB 22 P28 0 — 0 18 S SRR, {88 78 1 28 R
2P SIA— BRI BT, X 2 A R 45 7E i
FRTERT B GR, MELL B 4SS RSB 3
ARSI HRZOR. S. Karungaru SR8 H T —Fhif&
BEMAaMEHES NG RCRS M7
B B R A A TR 2 W 4 A
Bl , W LU A 2 M AR U RALE TR . (BR %
Tk BAER TR B ER B, SR, %
BEHUIGHZEMSE, 4+ REIERTHEREN
ZHUE. C. K. Chow £ 1 T —FhRZ 80 A LH W
HEIAM %, S ag R RER L, B IR R R
TR A R B, B R BT
RHRERERH =T OREH, XM T RE
B AT R 2% 5 I HOX R R S A SE S i (7115
oA 245 52 ok R 7 ol B R A 2 A 4%, 6 T W R
Frlgh. SRR, RS KA, FESR
HERIFHEME, LS 2EA TS RE W%
BUE. B, X Fhf2 M 45t A BRN 2 Shsh B3R



ESH R F SRR TR TEER S RE - 393 -

I T A TR SE R EDR.

Br T2 ME5 , N TR RETEBE Y R HoAh 77 25
WA TR PRI . P. Nillius %38
T — R — BRI R ™. By
EEAFRGHUEZER, RRENRAMBERTR
SRR B SRR, R SR R AR, A T i
X RL T R B B AR O v, AR R DT
34 DO £ 4 TR S MR SR R K O R T D S RO IR
Je IR 7 . XA B BOR IR B AR B R PR,
B M AV B 2 B BR . M. Chantler %32 it T —F
REAS (R 2E17 3R 1 SO 7 JE AL IR 5 A TG
SR XA RN PG YR I 1 AR AL
BUFMERG R , BRAB AL T i RIR G F8 FMBUA , 702K
HERG FRAT LUK B 98% . B B 72 68 A BT AU 4K,
FE 5% Bl 75 38 AL I A B S Ak T 0% SR 5 . SCHR
[46 1 BT R, ZE—E RBLAM T B AR R A
RN R 9 BRI 8 2 I R B 2ot 4
B7,% 9 MREHE RERBL T B BOERITI. Ik
ZEFAIASCIRL 46 ] 7 kA THEMRBOE IR R 2K, 5F
KRB TR s+ 5 ez, e
I7 Ak A A 2 26 4% SE R RY , 2 R4 B8 A B
AR IVEHFE IR R A SRR ) B

AR B b AT 2 Lt 6 B 7 1] B 43 5 R, 43
HMET R A D) 89. 16% 5 (B R, X H i YL
PR EUNG, AR BT P A sh S RO IR
A ST R
2.2 WRIRIEM

¥ B3R 3 20 7 A B A A R R
FEREEEAT IS, Nk 1 fim. k1 TUF
H, BBRIEE TR L4 B U R~F g T R 5t %
B AR EIIERR A4 S35 B R IR S 5K, BE e
A B AEER R, B TEE M. b TS
FE R [ A k B4 S P, 2 B X ) e I Bk
FRE W BB, Zheng 1 1. Sato ZEAZ BT 1715
A R U AR SRS S I AR B B
T7 A BRI S, BUS T — RFIBFR AR B
BRI R 7 A R S e R S ORISR B T
B E AR, T B A B AR RS 8L W Tk
BTEB A HXRME BB T 385 FE E A SR A
B R E MR AT E S RGBSR
FHBE, e TRA RIS R s Mg &
i) 2 O R 2 P 4 0 S 5 P LS5 (B BT I
FRTER T ZUN SR, A BEh B P Ah shas i b I Oy i
AT SRR

®1 RRARMGHTAEILR

Table 1 Comparison of illumination direction estimation methods

L g A R EHE
FEEWILW R, = BRI
TR B EIERFR BR AR
2 2z Mk ; R BB, 7 Ml 4
B FIFDEINREGRBOLRES . WK REABE , FEEFTRELN ENFMFIFE

F RS L FA R BUR B LT 1R 8

REGRMEIERS I
ERGRTP R AR ILA

TR RELESHK BEEH, RS TFHR B
R ERSR A RNE S WABHEH, FEERII%, 1885
THEE S
ALHBEE ERBUOLES N SR TSRO, S ) RATR
. . FRUE 4B RIS PR AR 7% 5Kk, 6 BB O el 4
3 KES5RHE

WRALPROE R AT R R Y, B
i 20 AR R E], XA KB BBEE S AR
DL FAFRREAR T 2% B BRI %, (B R R 7 4
HRBHEA RIS E R, VR E—TUR R
% B R

TR E R R EPEA -

1) SEi Pk R, S AR IE TR PN T8 BRIE AR A
TEIBR B RH N, SBEE LN B E. ATk
WIS , B TRENGRER PREAR AR
BREILAME R, B BRI, XA TR
BWE , S REEE R8sl &2 A A ALt , B



. 394 - B R R g ¥ #R

BT1%

FARIHE R SR R m) 8PS A FZ RIS, XE
DL B AR G St Fn SE R EOK.

)NERT PSSR BT PADERKE
ZHEM PSR BEDLME, — e E RS T T LA
FREDCRSEETT H B R E M 2 P SME .
H I R ZHOER T M B CE R TE A #ES
R EE PAMREREARG R, N ERT P A shEs
Y%, GRS S B R

3t bR ), 7R R R — BB RI Y, 6RO a4k
THERE RS H LU LAR JUAN 5 T R I

1) 3R CPU + GPU =, AL 2§ ( graphics
processing unit, GPU) Kz B BB 10 43 K K#R
=, HOH B 2 AR R SR RHE R R TR R AL
B G AT I Bl AT R Y. FIF GPU
HIFEATTHERE ) e 6 IR 5 A T o7 vk p W] LR AT
BRI E GPU L, 43 CPU HHRAT, 7 LA
BEARGBTHE™. B GPU BA ZHRKL
AFHBRFAR AN ERE R, i 3476
75 AT B AR 55 0 T AT G R L WA B8 A
GPU RyIEJe T, TR AR LA R BRI
IR S, SR ERARIAR.

2) AT P A s B SE Ot RO 4 T
T T IAET PAMMER R REOR U,
ReBEERPESAREBE, RbaiEZ 2k,
H R R AN, TR GRmE ., BRP
Yy E U R R R R R ZHEL T 2
RENH, —EE N E LT O LSRR RS U T
FEARREREMET B M. AX M BREEEE
Z GO EFREMBLT , EHAENESEATE
BB HE R B B AR UL BE. BN, R E TR AL
R, KPR B 2 M 28 255 3 R &M 485
—ANEED X, U5 RSN R FLEh R
TR BE BE J2= 7 2 TU[R] 45 ik b & I B A g AR
W, BARMAKG W2, T H, b
BHENEBRPLEHEHZ M %, AT EIGIR
RV AT S BRAR IR A L B R 4 FIA B A 285F , Bt aE
HE A G A BRI X T P A E PR
AREME , WRMESEORE S, LT LUE kb
B2 M 4852 A B P Ah s R LR
7 .

3) EEYARRELY AT . Yk RE

¥ 16 B R K S RO R O T R T BB AR A, 7E
BIR B e AL, SR I35 1 B 07 1] S O0E IR 6 IR
77 AR . PR v ) B IR e iR SR bR
SHREER. SR P YRR R T W RRR N AR
SR GETE RSO RR T, A R AT Bt R i M R R T
REA B A R EEH SR Y
R B SRR, B4 A S LB R i i
=4 IUAER B MR H R et . B
BR R PE R R R T S SRR R AR, R
—IRA PR A E B B AR

FEIEHRPASE R G S B B AP R SR B AR,
HEREGRE R RSB E PRI
FEH TR BB SE , 2 24 3 3 B BR SUR BB 52
IR R, DA & 5 A B LR R — B
BEE. B, 7Rk — B Rl Y, i 7 AR X — U
HEATEIMHREA S BEIE.

SR

[TIRAR, DT, o R R ALLRT]. FEEREE
2238 2004, 9(7) ; 767-774.
ZHU Miaoliang, YAO Yuan, JIANG Yunliang. A survey on
augmented reality [ J]. Journal of Image and Graphics,
2004, 9(7) : 767-774.

[2]80F. BRI EGR[T]. PEPZF H:FER%,
2009, 39(1) : 246.
ZHAO Qinping. Overview of virtual reality [ J]. Science in
China Series F; Information Sciences, 2009, 39(1) ; 2-46.
[31RHZHE 863 HHRIEE HARTRM A E. BRR/HEABIF
RBETTRI (863 THRI) fE.8 ARG LR AR BRFE T
EFRBEARERGE” ERTE BE 8™ [EB/OL].
(2008-11-19) [2012-04-20]. http://www. most. gov. cn/
tztg/200811/P020081217461996567919. pdf.

(4] 240, TR, HRE. ETUEHYRALZABIFR
ZR[T]. HLEs A, 2008, 30(4) : 379-384.
QUAN Hongyan, WANG Changbo, LIN Junjuan. Survey of
vision-based augmented reality technologies [ J]. Robot,
2008, 30(4) : 379-384.

[SIXIHem. ZAMGREIIERRAITRIFE[D]. Pl #L R,
2009: 1-2.
LIU Yanli. Ilumination estimation of outdoor scenes[ D].
Hangzhou: Zhejiang University, 2009 1-2.

[6]1% B MRE. PANRREHEARREERTERN 3 4
AARAER BRI LT ). W@, 2005, 51(11) : 54-57.



ESH

e, % BRI IOLE FRMAT FEIER S RE - 395 -

CHANG Yong, HE Zongyi. Technology of augmented reality
and its application in 3D visualization of underground pipe-
line[ J]. Bulletin of Surveying and Mapping, 2005, 51
(11) ; 54-57.

(7142, X% PAMERREHEGERRERE RIS

FHT]. RBURZEZER BRI, 2007, 32(11):
1046-1049.
DU Qingyun, LIU Tao. Design and implementation of a pro-
totype outdoor augmented reality GIS[J]. Geomatics and
Information Science of Wuhan University, 2007, 32(11).
1046-1049.

(81 RI, Hutd , B/ R ZETHBRALH P AARMREH

Bt SEIMT]. M REE R AR/PHER, 2010, 26
(3): 4447.
SHI Gang, TIAN Hongbo, MA Xiaohu. Design and imple-
mentation of outdoor navigation system based on augmented
reality[ J]. Journal of Suzhou University: Natural Science
Edition, 2010, 26(3) : 44-47.

(9 14HTll, ZE HE4R. 33 BE L 3R TE A 25 T B0 B B
RE[J]. M= 4B 5T, 2008(6) : 23-25.

ZHAO Xincan, ZUO Hongfu. Aviation applications and
prospect of augmented reality[ J]. Aviation Maintenance &
Engineering, 2008 (6) ; 23-25.

[10] B, ERX, OB, 5. 2 THERILL BRI E B &
MBFEHR[T]. REAGEFR, 2010, 22(2) : 424-428.
CHEN Jing, WANG Yongtian, LIN Jingdun, et al. Digital
reconstruction of Yuan Ming Yuan based on augmented re-
ality technology[ J]. Journal of System Simulation, 2010,
22(2) . 424-428.

(11 TSRRHF, RK, PNDUR, 4. T 1 HLE A B4 s T 00 A
FATERART]. i lEs AR, 2011(7) : 60-63.

JIA Qingxuan, GAO Xin, SUN Hanxu, et al. Predictive
graphical simulation technology for robot teleoperation[J].
Aeronautical Manufacturing Technology, 2011(7) ; 60-63.

[12]HICKS J D, FLANAGAN R A, PETROV P V, et al. Eye-
kon: augmented reality for battlefield soldiers[ C]//Proceed-
ings of the 27th Annual NASA Goddard/TEEE Software Engi-
neering Workshop. Greenbelt, USA, 2002: 156-163.

[IB]RXE, X8, EWX, % WRALRARNERNAS
RIRBHE[I]. R TR, 2006, 27(6) : 1043-1046.
HUANG Tianzhi, LIU Yue, WANG Yongtian, et al. Mili-
tary applications and prospect of augmented reality [ J].
Acta Armamentarii, 2006, 27(6) : 1043-1046.

[14]10R =, I, BRERAR 4%, 2 T 3Rl 5 2 B R L
BT RARIRA[T]. HEHLEMR, 2006, 29(5):

760-768.
QING Laiyun, SHAN Shiguang, CHEN Xilin, et al. Face
recognition under varying lighting based on the harmonic
images[J]. Chinese Journal of Computers, 2006, 29(5) :
760-768.

(15 ] VB, 73E, R E 0. 2T 4R SVM A B4

e R T]. T EERERZER, 2007, 12(10) .
1885-1888.
SUN Xuemei, SU Fei, CAI Anni. Illumination direction
estimation in face recognition based on bifurcate tree and
SVM[J]. Joumal of Image and Graphics, 2007, 12(10) .
1885-1888.

(16 ] BRes , Bt 28, X 1] B 28 800t RE B A S 3 A B I 4R 08

M7 R A (1], TP EHL TR 5 6, 2009, 45
(11) : 203-205.
CHEN Xiaogang, LU Ling, LIU Xiangyang. Accurate esti-
mation of face image illuminating direction based on classi-
cal lighting model[ J]. Computer Engineering and Applica-
tions, 2009, 45(11) : 203-205.

(17155, SRt , 3 MR VL. BT 07 [ 434 50 B ROL IR A
HL[T]. 068 T - BOb, 2010, 21(3) : 435-439.
ZHANG Wen, LIANG Yanmei, CHANG Shengjiang. Line
scanning for illumination compensation of image[ J]. Jour-
nal of Optoelectronics + Laser, 2010, 21(3) : 435-439.

(18] R9%, ZEHE, ST, % W EE SRR T RRER
EEARER[T]. B3R, 2008, 34(12) : 1458-1466.
WU Qiong, LI Guohui, TU Dan, et al. A survey of blind
digital image forensics technology for authenticity detection
[J]. Acta Automatica Sinica, 2008, 34 (12). 1458-
1466.

[19]FARID H. Image forgery detection[ J]. IEEE Signal Pro-
cessing Magazine, 2009, 26(2) : 16-25.

[20] BRFX, MR, B, %. T HET AR

ERERE LM T[] FRREER: TEK,
2010, 40(6) : 1673-1677.
LU Yingda, SHEN Xuanjing, MIAO Jian, et al. Blind identi-
fication for light source images based on inconsistency in light
source direction[ J]. Journal of Jilin University: Engineering
and Technology Edition, 2010, 40(6) ; 1673-1677.

(21 ]Z=mt5 W8, 08, % BT HRRTAA—-BNERE

BGEFOR[T]. JUtiiee Ra244R,, 2011, 34(3) : 26-30.
LI Yezhou, HU Jing, NIU Shaozhang, et al. Exposing
digital image forgeries by detecting inconsistence in light
source direction[ J]. Journal of Beijing University of Posts
and Telecommunications, 2011, 34(3) : 26-30.



- 396 - OB %R

% ¥ #M BT1%

(225K 18], B AHE. SR EGAS Tt R 07 1) B 0 58 R L 0L
FLT]- EREAR, 2011, 35(15) ; 4145.

ZHANG Chuang, LU Donghui. Research and application
of single image light direction estimation algorithm [ J].
Video Engineering, 2011, 35(15) ; 41-45.

[23]ZHANG Yufei, YANG Y H. Multiple illuminant direction
detection with application to image synthesis[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence ,
2001, 23(8) : 915920.

[24]1BOUGANIS C S, BROOKES M. Multiple light source de-
tection[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2004, 26(4) : 509-514.

[25]FENG Yan. Estimation of light source environment for illu-
mination consistency of augmented reality [ C]//Proceed-
ings of the 1st International Congress on Image and Signal
Processing. Sanya, China, 2008, 3: 771-775.

[26]ZHOU Wei, KAMBHAMETTU C. Estimation of illuminant
direction and intensity of multiple light sources[ C]//Pro-
ceedings of the 7th European Conference on Computer Vi-
sion. Copenhagen, Denmark, 2002 206-220.

[27]ZHOU Wei, KAMBHAMETTU C. Estimation of the size
and location of multiple area light sources [ C]//Proceed-
ings of the 17th International Conference on Pattern Recog-
nition. Cambridge, UK, 2004, 3: 214-217.

[28]ZHOU Wei, KAMBHAMETTU C. A unified framework for
scene illuminant estimation[ J]. Image and Vision Compu-
ting, 2008, 26(3) : 415429.

[29]MA Jintao, ZHOU Ya, HAO Qun, et al. Efficient estima-
tion of multiple illuminant directions using c-means cluste-
ring and self-correction for augmented reality [ C ]//Pro-
ceedings of the 2009 8th IEEE/ACIS International Confer-
ence on Computer and Information Science. Shanghai,
China, 2009 1106-1110.

[30]ZHENG Qinfen, CHELLAPPA R. Estimation of illuminant
direction, albedo, and shape from shading [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence ,
1991, 13(7) : 680-702.

[31]HARA K, NISHINO K, IKEUCHI K. Light source posi-
tion and reflectance estimation from a single view without
the distant illumination assumption[ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2005, 27
(4) : 493-505.

[32]XIE Feng, TAO Linmi, XU Guangyou. Estimating illumi-
nation parameters using spherical harmonics coefficients in

frequency space[ J]. Tsinghua Science and Technology,

2007, 12(1) ; 44-50.

[33]BINGHAM M, TAYLOR D, GLEDHILL D, et al. Illumi-
nant condition matching in augmented reality: a multi-vi-
sion, interest point based approach [ C]//Proceedings of
the 2009 6th International Conference on Computer Graph-
ics, Imaging and Visualization: New Advances and
Trends. Tianjin, China, 2009 57-61.

[34]SATO I, SATO Y, IKEUCHI K. Illumination distribution
from shadows[ C]//Proceedings of the IEEE Computer So-
ciety Conference on Computer Vision and Pattern Recogni-
tion. Fort Collins, USA, 1999, 1. 306-312.

[35]WANG Yang, SAMARAS D. Estimation of multiple direc-
tional light sources for synthesis of augmented reality ima-
ges[ J]. Graphical Models, 2003, 65(4) ; 185-205.

[36] WANG Yang, SAMARAS D. Estimation of multiple direc-
tional illuminants from a single image[ J]. Image and Vi-
sion Computing, 2008, 26(9) : 1179-1195.

[37]LI Yuanzhen, LIN S, LU Hanqing, et al. Multiple-cue il-
lumination estimation in textured scenes| C]//Proceedings
of the Ninth IEEE International Conference on Computer
Vision. Nice, France, 2003, 2. 1366-1373.

(38 1Bk , RAR B, /5 T 338 BE L 3 ROG IR BY 52 PR3

EAESRERER]T]. RN BT S BB %S
I}, 2006, 18(8) : 1270-1275.
YAO Yuan, ZHU Miaoliang, LU Guang. A framework for
lighting detection and scene rendering in AR environment
[J]. Joumal of Computer-Aided Design & Computer
Graphics, 2006, 18(8) : 1270-1275.

(39 ] EZEA], DME, TR FLiE. RADGERA BN E P Y&
RIRE B2 M % T EBTR[T]. B3R, 199,
25(2): 210-214.

TIAN Yingli, MA Songde, TSUI H T. Shape recovery in
unknown environment by neural networks[ J]. Acta Auto-
matica Sinica, 1999, 25(2) : 210-214.

[40]CHOS Y, CHOW T W S. Neural computation approach for
developing a 3-D shape reconstruction model [ J]. IEEE
Transactions on Neural Networks, 2001, 12(5) ; 1204-1214.

[41 ]KARUNGARU S, FUKUMI M, AKAMATSU N. Identif-
ying scene illumination using genetic algorithms and neural
networks [ C]//Proceedings of the 9th International Confer-
ence on Neural Information Processing. Singapore, 2002,
2. 881-885.

[42 ]KARUNGARU S, FUKUMI M, AKAMATSU N. Neural net-
works and genetic algorithms for leaming the scene illumina-

tion in color images[ C]//Proceedings of the 2003 IEEE In-



ESH

R F SRR TR TEER S RE - 397 -

ternational Symposium on Computational Intelligence in Ro-
botics and Automation. Kobe, Japan, 2003, 3. 1085-1089.

[43]CHOW C K, YUEN S Y. Illumination direction estimation
for augmented reality using a surface input real valued out-
put regression network[ J]. Pattern Recognition, 2010, 43
(4) : 1700-1716.

[44 I NILLIUS P, EKLUNDH J O. Automatic estimation of the pro-
jected light source direction[ C ]//Proceedings of the IEEE
Computer Society Conference on Computer Vision and Pattern
Recognition. Kauai, USA, 2001 : 11076-11083.

[45] CHANTLER M, PETROU M, PENIRSCHE A, et al.
Classifying surface texture while simultaneously estimating
illumination direction[ J]. International Journal of Com-
puter Vision, 2005, 62(1/2) ; 83-96.

[46]BASRI R, JACOBS D W. Lambertian reflectance and line-
ar subspaces[ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2003, 25(2) ; 218-233.

[47] R B4 B AESRTERITEMIA IR H
HRLT]. B3R, 2004, 15(10) ; 1493-1504.

WU Enhua. State of the art and future challenge on general
purpose computation by graphics processing unit[ J]. Jour-
nal of Software, 2004, 15(10) : 1493-1504.

[48]PHARR M. GPU XM 2——m MR & i @ it
HABERTI[M]. FREE R U FERE R,
2007 ; 327422.

[49]NGUYEN H. GPU ¥# 3[ M]. A4k, BRIRIR, £3,
P AUR AR R HRRAL, 2010: 582-692.

(S0 /= XU, R 5% , SRABRE , 4. CPU/GPU BrRIFATHHEBT
FeER [ T]. HHENPE, 2011, 38(3): 59, 46.

LU Fengshun, SONG Jungiang, YIN Fukang, et al. Sur-
vey of CPU/GPU synergetic parallel computing[ J]. Com-
puter Science, 2011, 38(3): 59, 46.

[51]ECKHORN R, REITBOECK HJ, ARNDT M, et al. Fea-
ture linking via synchronization among distributed assem-
blies: simulation of results from cat cortex [ J]. Neural
Computation, 1990, 2(3) : 293-307.

[52]JOHNSON J L, PADGETT M L. PCNN models and appli-
cations [ J]. IEEE Transactions on Neural Networks,
1999, 10(3) : 480498.

[53] LINDBLAD T, KINSER ] M. Image processing using
pulse-coupled neural networks [ M]. 2nd ed. [S. L],
The Netherlands; Springer, 2005 ; 35-67.

[54] 5 18, 20, 2630 , . BRI A Ma M A S HFRRG
SEF[M]. JE3 L AL, 2008 30-271.

EEME:

e, 3B ,1975 A PN, 1S,
FEPF A R RRE ERNE .=
gEEMEGRME. THRRSS5ERA
RPEEES BRETREARETE A
HERTMEBETHEZW, RRER
WX 10 &F, E PR ELERI A.

I, 4, 1973 F 4, LB RAE,
FEHR T ARG S ELR
. 2 E5ER ARPFES M B EET
BRI E £, R RFEARB10 55, K
ik EI KR 8 F . SCI IR 1 &.




	郑毅1
	郑毅2
	郑毅3
	郑毅4
	郑毅5
	郑毅6
	郑毅7
	郑毅8
	郑毅9

