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Research on Virtual-real Illumination Consistency in Augment Reality Scene

WANG Ke

(North China Institute of Computing Technology, Beijing 100083, China)

Abstract: The development of virtual-real illumination combing technology in augment reality area in recent
years is summarized. The main categories of these technologies are described. Illumination estimation technology,
research on virtual-real illumination consistency based on equipment acquisition and scene understanding are intro-
duced. And the domestic and foreign research actualities are illustrated. Furthermore, some technology difficulties
for virtual-real illumination consistency research in augment reality are analyzed. The existing solutions are summa-
rized. The development trends of the research are also forecasted.

Key words: virtual reality; augmented reality; illumination estimation; virtual-real illumination combining

FERIBAE virtual reality, VR)ERIFEHLE ARY &0 g, HErp S0 pp 5 1 5 8 FUACR 19 T
Bols S5 A MCRI A A S — T L ECSIRREE P20t 2 K AU A O TR 15 20 S A O 35
E0 T )y T A B B BT AR R L AR B A 5 B S A e R T
Y DAE 1 A RO AR R IR BT A A BN - 1 1 S R — ST, | R B S 4R
Fi M S BT L7 2 S 00 1 OSSR BE AT R RS At AL
PRI TSR IS (augmented reality, AR ) , R
R LTS B SR — e, ey 1 SRR —BUER IR
B A L R 6 DL PR 5 7 A A \ ) ‘ ‘
0 T e T ] BRI R ST U2 b 5 K S22 5 2 B AR T TE A
RIS |28 1P B e e dcspb ) RIASLIARRILIC Ty R 19 B SR BT AR
R R ISR 8 BRIE B . fE 3T O T LS R G, S T

i S AL S L e TSP DL IR LR G LS B P 5

&

FE HEE:2013-10-24
PEE A : TF((1987-), TREIN, 35 5L\ F5 UL 5 1 9 B S 52



£ 634

IR SR B S P RSO G B — BT LR A 7

RS G2 J] R PR35 (8 LB 2, LAk 3] JC 4% e S il
B HROCR 7 ZR S RS AA5 EL S ATl Y LAy
G —2ebk . o L — R e S5
esg — AR R IF AR RS S AL bR R
A2 8 5 28, BT I 8 P05 KEE 400400 1 T 0 39 B 52 3
B 5 IR — EICPE 2 1 AR L S BR A5 B O B A
I ST A R S0 R B SR T S5, TR AL A
FIERICR , U b A= ) RE S B ASCR

N TR AR LS A 2 [ ' i — B
P FEBUA OISR B R G, R N TAE R SE
Yyt BEE 2 A B YIRCR S L 5 e IR
15 6, 52 IR A0 ) AR 2 T 1 B ASCR A R 52 BR S RCR
AT . PSR B A SRR I DT EA S FLP B &tk A
EORE R, W ARG A8 S BRI AN S O HL
BEAR SR ITIEBOR TR M E Y5 R T
Yyt i BLSIE WA IA B R S TCEE R A I BRI
AR, —SEIL T4t PR A4 HE SO IR R 07 1, 15K

MG A B Bl IR 25 5 DI B O
SESTIEHARERY AN B AT AT E IR 5 SRR B,
SE IR SEEIRZE A AL B, H AT BOR B & RE S 4 P
5 BRI T LRI 25 R 037 5t A S A I 23 A

1.1 RETTFRIK

5 [EFFRL AR AE 1) Wei Zhou 55 A, £ X F LLAE
JEHRAG T ORI — K E R BDLIRAY R R, $2 i T
— M SOEIRBIR A GE—UHESE , XA R 2L O
PN T S G R . 207 A T B
AT S SR AR SE BR, SRR S OE IR (5 B . e
b O B LA B — R SRR AT
SRR AL . DA BRI THT B4 5 B2 F 45 B 045
J3E % S T S i, R B B i R DR A TG IR A 5
JEE, F B I S S BERA L IR I AL B SR, I
R 1 Rl

locate the
—> 0

calibration

ephere

separate the specul
Pllar and Lambe

tian intensities

estimate the parametere

A 4

of the light souroes

Bl RMETRER: BRERN—LIER, T HKNEE, AR5 BERERRRGRER SR

ERRERRHITEIENSHER

2006 4, 152 B /R £ K47 1) Mikkel Sandberg An-
dersen 55 A\ Ji 1 — By S2 I 1S 5 L R 58 e 55 1Y
PN s s S RGOk o TR R TE
FRIAR IR, I A Y Phone St REASEHY 6 40 4
() B — MTEE T “ P52 K] (shadow map) LA & 76 ' B
AR I 3 S th AL T 5 R Ao BRI
SLEHIR BN B, 350 HDRIPRES R -1 e L8
J g L AN 2 R

(a) i 5t

(b) el A LB AL IS B35
2 BEFRIMFEHEERREITHE

2009 4F , R i 3 A B K 2% 1Y Jean—Francois
Lalonde % A&t 1 —FPEFXF 5K P 487 5 BUR 6
AT, T P AN g R B ER b B R A
AT LA K 3 B AR A g 2R R Al R B BT AR AL A A
SO, IR LR 73 AR Bk B 3735 o 14 R P40
PR Qi 3R, B 3a i A P AN st LR P 3D
R A RITIR 25 T R TR A R R AT



8 b ol R N N

Al 5288

KBAP B R A B 273X AR R A AR
K BHAE B 14 M 36 A Pl A Bl K 2 MR A ] B¢, 5%
R SO PR B A SO AN R 3d s o 7RI T 6
000 000 5K [ 28 S ALK Frs i st [ 51 LG A M DI

€S0

(b) R SRR R I LB AR A

GBS, LR R B A RN B IRIE B e
15 AT 1Y M 52 B R — BUSCR  (BAE Sh RR
BRSO ks 8 T R,

(o) FZH R PHAL B AR A S R 2 Y
B3 ETFRKAIMIREGRIERMGEITH®

2010 4, FEZS IR K21 Jaroslav Krivanek 48 A BIF
98 1A R B I 0 BT R T AR B 52 . ST
AT ARG BB B RO H X B 57 4 A
RS ] () e A, AESE TR RE P, OB TR (VPL)
SN 4 SR o BEEA 7 2 % P55 i B A S
A S o G — R AN S A3 TR RO Y
B8R BB 2 PRGNS HE SR 3 ™ A R ) [ I
G3HT T WA A B K JUART B X i S 5 i ) ) A
AL

1.2 BETFREFREMETAER-BEFRRIAR

I 2E AR SR 53 K2 (4 Paul E. Debevee 5 A5
UAE T — b T4 Jr ' BRASE R T i 2 253 I 1A 15
(HDRI) SRAE I B S Bl A5 7 k8 20 ikl LI
Gy e MG IR A 5 1 v s 2591 B o 1 PRI Y
Yyt =03 i st G SRR AR, T 4R G IR
B i s A O ECR S msh AT MR R
PR S TR PR, 0 B0 S AL ) 3 HC A SR B R
72221 (differential rendering ) 58 B 7E L3237 50 h
XFHEFAIR B 22 o 207 I T — T S

(d) HESERlaROR

I A& B 500 BACR 19 BRI IR I HE SR
FHZE 20 7 kA T HL 523 5 1 o B AN (HL g S
RGO BT K AU A 520, 3 BE 3R I R L 14
X ELSIME R . N 4 BT T da R R A
15, 1l 4b S M SRl G I 3 5 BUR, AT LLVE B 5 Y
SO B LA ™ A T s (] 40U A A
(LT ) AL A7 AE & R 0L,

2006 4, P17 LR B8 K 2% 1Y Tommy Jensen 55 A
P& T — IR AR W A 1 i IS SO IR RS
Yio S REET P AN s, R S ) 2R 1
BAR B SR DO E BRAE B ST X R 42 5 |5k
TR AL, 45 1 T IR S 3R 11 G
ROR BB IE TV, REAE M DL 52 10 BESCR $2 0

(a) A S E R



£ 634

IR SR B S P RSO G B — BT LR A 9

(b) FESERLE RIS R

4 ETERAREINSHTEEERH
ESREREATE

(a) st

2007 4, P12 B /R 48 K 2% 1Y Claus B. Madsen 55
MR T —Fp ST GPU M S BREL A I k. 207
A IR BT SR04, A i 5 HDR A BE &, FH NV
A AL T 5 B9 HDR 38518, I Bk NG
U5 A 55 0 MASYE TS PSR 3] TR, X
FER RIS 18 YL IT45 5 [ & AE AL BB B G
TE TR S E R, Z 5% BRI s E
SETUA] 55 i 0 LT A 52 i 6 I % S s i A5
R Z R REETE AR U S B A BRI T
T X AL AR 22 1 BH 5 5 A SOk B A, 9 HLE
T GPU REMS R K 4R s A7 R (He HERF 75
RS RE OL N, I B ERARHLAL A AN g &k A AT f]
84k, i 6 stz

(b) 10> BHAZE IR IR A4 e SRl 580 R

(a) JFlRY
Eo6 EFGCPURIELXBRMAR X

AR HR KA B A S RGE K E
FRLE AN VAT 200U 2B AL LI
JCHRE EOREE RS, AN 7 i, (] 22 A by 38 0

(b) el AR A
B5 ETFPIHEEREGTHESILRME

BRI G REAR, Se MU S E N, (HIZ O H e
Ab PR AN BLSL I SO IR ORIH), HAFF 22 A1 sk
W% = 2 #5575 A1 HDRI (high dynamic range image) ¥ 355
Kl aniEl s s, B Sa HhEG O A, 202k 5%
AR, HEAU IR R H A RE RN BA S R B R A7
&, W& 5b itz , XAAFG BI85 i SEBR s O, A
FHZ 72, AR R RRAS 2] THEIE , - FLE
TABARE A LS B ARG R Bl A, el Se st

(o) HESERl B8R

BRI ST ARZE Y | 5 B3 2.5 m, A T A4 AT
PEOCIRFIRLARBL, AT LUE T | R0 R A 25 ML I 2%
PF T PR T SRR nl DUR T3 5 5 2 5
(Y HE S E IR A A AL PRI ST o B U H T 4 SR HE 25
& LT S5 R bR S W 89 75 IS RO IBOT
WRAE TR S PAE G0 B B REAR DU HE S LSS R B e
A B A R DB TR S B 2,

H7 SRS B RERE
1.3 EFH=1Ea0E LB —EEmRIIR

Fiig 1A SR LT 2 BT A LA 8 S 3625 1Y Pi-
let 5 1 ] — 4 i R CECSE R BOL IR Bl i S
Ti] 't e B R 5 ' M A5 PR 355 R R0 SR A A
JEHR(E BAMBEAE R O el T 207 (B LE
WHE B EAMY T 8a 2 MUY 51 1150
] 8b i ELSCFR T I — 4R, P 8c SR 5 B S B
4 REAUL R Al S HOG BB AACR o 1207 1 RERS AL PR



10 b ol R N N

284

T b A= R LN 2 5 BE K HCBA S RO, (BT R
| AT = A

(a) PRI B

2009 4, 5 M HE #F B K 2% B9 Jean—Francois
Lalonde 55 A4 1 —Fh B T00031 15 5 It 2 1) g 5%
JERERG T s o R R 28 A5 S FA R i B (1] LU
G AR T A R RGBS 4 U AR B I 2
BT T v 1 I PR AR AT R S RE LA B AR E
FEat 5t AU 41 S b 4 — i 1) HDR (high dy-
namic range) Rl . LT C AU LE B ROGIE B
1) “ Gy UG BTG 25 7 — IR 2 BA G BERSCR 1
T YEEG, AT AR A R S HOE B SR e DE T
Bt , #1735 SR IRG s B T LU TR i3
sCEDGI S YERDE , B 58 R SERlA RO, anEl 9
FRlsl,

— s

B9 EFHMEGEMENESSLRME

2009 4, Wi LR 2 O X HE i 8 A2t 1 — gt

(b) =4

()% — AR TR ()% =2 L 4 1 T ISR

() HESERRE R
B8 A4 FHERENESLIME RIS R BUE SEM

XA P AN s BOE RS Tk 07k i RO
AL T I BRI SR LT M R e BB A5 R %
TR — A P AN I E LA AR ALt
R TR 2 10 5 2 5 AN FDE RS DL P B
Padk o d o I W7 R A 2 2 B EE BB A
Rz 7= 9 B2 RCRAE 9 B E ] (basis map ) 3K S
W37 55 K J LA P S b RO, 3 T it 4 o
TAEEIC IS BT B B NPE 10a iz , ) S i ]
AN TE] 10b S X HEREAT 6 BEAG 11, I 52 B e S 5 2
RN 10 7R o AHRZ07 15 H BEAL PR 18] 7 P
Fa HAARLOL,

2 BRSH

Bt B S e 1) R S RS A A R AL R 5
IS 5 S Ry, 2 S Mg S 4 G
FLPEFIMER R PE R i B R Z — R R I S
AR DAZFTAT I | S5 i R 110 i i (] LT wfe i ) A, H
AT SEF MR G IR R B sl , SR 5ok
FMF EEA W RIS ARG ST IR Z S5 B
HE S IRES G A 1 . EE Y R PR BAR 2
HEAE BRI A AR BUER B 6 R B 58 BURE S5 il
FRAE 5 A & R 04 3L T 1 5 BRAR 1) | SO BRZS A b
PRIV o R SRR AR A Se T AR Ty ik,
R 4R 2R E R A R RER
HEFR S0 LT B IS BRSSO SEJE T e
B U S SR IV =S (T AL (IR SIINE S
Yy e SR 73 8 2 4 8] 81 R 5 kA
TG RRAE B, 8 2 2 5K GOk 32 & 0 BRAG T i o
k.

ENEREIE S i VB 75 411) A0S i (i1 Ee ki 1370 8 1)



£ 634

IR SR PSP R IO I — BT S LR iR 11

(b ) HE &

(o) BHF = i P50 e S Rl B 8CR:
10 ZJFRILAHESLLRME T E

JRy R Ak RS P SN SR b, T A AR
G W R R A B A sh A 5 i 2 — L
hSESE I RE SR A L o AR B R e YT R F
— B SR AR, BT LR O™ i ke 520k B Rl 5
ORI VL R, 5 Xof 18 i IS 37 s A8 e o g 52
S5 e 1 FLVE VR P (] R B SRR T . 7RI
SLHIA G5 R, Gk GO IR 2R KL B
AR 2 T SOOI it 8] 9 ' BRAE R B LA A 3 14 22
S, ELRR I B A O BRI i A A SRR H B
BIEh@eRk . HATd S = — i g SEEIE LG 59k al A
Aub B AR S il 37 S5 B A O TR A 3 2 1 )
P, 7E 30 S B RE S A S e oy, RS — e T L0
(1 HE S0 B a5 A B 5 3, (A HE FDUXT B2 AR D REAK
S ] B LSS R I — B, I A DA i 52016 B
Rl TR A R Bl R i ] S I P A S B R AT, A
HRIE L

3 & i&

S5 LS BORZOR AELE P ECE L8 15 FE AU

Xt Gk o [ P 18 2 B 0 , DR I s A TR T L] —
et D6 —ZE AL A AL, T o S
F14 R S IR 45 5 Rk P g A e i B S 3 5t ) 2 ]
BRI, e 5 R S 4G o st A A 4 ) T
BN Z — , WIS W | 205 i DR
F1R L [ SRR il T A

FTEURADEIREOR B 5 T
JIEJZ AL BE 15 L B SO B4l 5 A PR 5 1 K SE e Y
P EAR 2O U BOR AR BL A AR OR DL IS
SLIE IR SR G R . AR A S W 1A (R
AL F b B R S5 il 5 I, 37 5 BLgE nT U A S 6
WG R 7 ik HERL T 2 R/ Y s )2
3 SR B A8 3 A2 I HE R S L] L 1
W B2 b A S P, A B O IR EOR AR i
T S 2R TUERAT o BT 5 B (0 05 05, Tl
A ] e 2 EHR S SR A THOE IR B i 2 5K ]
AR OGRS T HER L . (H F AR T I
F14) R SO BB R 20 Jey R T Ak B 25 7 SRS
Wi 200, 0 TG IO 550 Gk A AR A B B 25
I 5 b B Z — B 52 35 1Y kB SRS Tk



12 b ol R N N

B 5288

UNSReR: B B BT TR B — A A S AR R]
AR R A Ji R 552 ' B Bl B A 1) 107 YL [T, 9 %) 6
SR LS A A D S A5 5 e LM R
)RS 2 P A A

S7%5 30k

(1] B BB S ZR A ()] P [ BE 22 F 4 5 B Rk,
2009, 39(1): 2-46.

(2] Bi/hak. [l g s s s i) — B = de s [ R RU IA , #Rrp
BHER 2240, 2005 (12).

[3] WEI Zhou, Chandra Kambhamettu. A unified framework for
scene illuminant estimation[]]. Image and Vision Computing,
2008,26(3):415-429.

[4] Mikkel Sandberg Andersen, Tommy Jensen, Claus B Mad-
sen. Estimation of dynamic light changes in outdoor scenes
without the use of calibration objects. International Confer-
ence on Pattern Recognition,2006.

[5] Jean—Frangois Lalonde, Srinivasa G Narasimhan, Alexei A
Efros. What do the sun and sky tell us about the cameral]].
International Journal of Computer Vision,2010:24-51.

[6] Jean—Frangois Lalonde, Alexei A Efros, Srinivasa G Nara-
simhan. Estimating natural illumination from a single out-
door imagel[J]. International Conference on Computer Vision,
2009.

[7] Jaroslav Krivanek, James A Ferwerda, Kavita Bala. Effects
of global illumination approximations on material appearance
[J].ACM Transactions on Graphics (Proceedings of ACM SIG-
GRAPH 2010), 2010,29(4).

[8] Paul Debevec. Image—based lighting. ACM Transactions on
Graphics (Proceedings of ACM SIGGRAPH 2006 Courses),
2006.

[9] Paul E Debevec, Jitendra Malik Zongker. Recovering high dy-
namic range radiance maps from photographs[J]. ACM Trans-
actions on Graphics (Proceedings of ACM SIGGRAPH 2008
Classes), 2008.

[10] Paul Debevec. Rendering synthetic objects into real scenes:
bridging traditional and image—based graphics with global
illumination[J]. ACM Transactions on Graphics (Proceed-
ings of ACM SIGGRAPH 2008 Classes), 2008.

[11] Tommy Jensen Mikkel, Sandberg Andersen, Claus, et al. Re-
al-time image based lighting for outdoor augmented reality
under dynamically changing illumination conditions[J]. In-
ternational Conference on Computer Graphics Theory and
Applications, 2006: 364-371.

[12] Claus B Madsen, Rune Laursen. A scalable GPU-based ap-
proach to shading and shadowing for shotorealistic re-
al-time augmented reality[J]. International Conference on
Graphics Theory and Applications, 2007: 252-261.

[13] JalHE, 2, BX 1R Haim BLSE R GOL IR i v BF 52 ).
I Pl #5741, 2004, 9(8 ).

[14] Julien Pilet, Andreas Geiger, Pascal Lagger, et al. An
all-in—one solution to geometric and photometric calibra-
tion[J]. The S5th International Symposium on Mixed and
Augmented Reality (ISMAR 2006),2006: 69-78.

[15] Jean-Francois Lalonde, Alexei A Efros, Srinivasa G Nara-
simhan. Webcam clip art: appearance and illuminant trans-
fer from time-lapse sequences [J]. ACM Transactions on
Graphics (Proceedings of ACM SIGGRAPH Asia 2009),
2009,28(5).

[16] LIU Yan-li, QIN Xue-ying, XU Song-hua. Light Source
Estimation of Outdoor Scenes for Mixed Reality[J]. The Vi-
sual Computer, 2009:637-646.

(4255 5 50)

[19] H Liu, K Kieu, Lefrancois, et al. Tm fiber laser
mode—locked at large normal dispersion CLEO 2011[J].
Laser Science to Photonic Applications,2011.

[20] Frithjof Haxsen , Dieter Wandt, Uwe Morgner, et al. Mono-
tonically chirped pulse evolution in an ultra short pulse thu-
lium-doped fiber laser[J]. Opt. Lett. , 2012, 37 (6) :
1014-1016.

[21] A Chamorovskiy, A V Marakulin, S Ranta, et al. Femtosec-

ond mode-locked holmium fiber pumped by semiconductor

disk laser[J]. Opt. Lett. ,2012,37(9):1448-1550.

[22] Y Jeong, J Nilsson, ] K Sahu. Single—frequency, sin-
gle-mode, plane—polarized ytterbium—doped fiber master
oscillator power amplifier source with 264 W of output pow-
erfJ]. Optics Letters,2005,30(5) :459-461.

[23] C Wirth, O Schmidt, I Tsybin, et al. 2 kW incoherent beam
combining of four narrow—linewidth photonic crystal fiber
amplifiers[J]. Optics Express,2009,17(3): 1178-1183.

[24] FREO6HMER, TR, & OLLF RO MAT R R S
JEER()]. JEHLHLE S, 2006(9) :45-50.



