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A Camera Simulator That Simulates Camera Properties and Simple Methods to Obtain Its Parameters

Naoto OKADOME, Yohei ARAGAKI, Noriko SHIMOMURA and Kazunori UMEDA

In this paper, a camera simulator that simulates camera properties and simple methods to obtain its parameters are
proposed. The camera simulator simulates distortion, limb darkening, blur by defocus, blur by aberration, motion blur,
variation of pixel sensitivity, random noise, gamma correction, and salt and pepper noise. As for methods to obtain camera
parameters, parameters of blur by aberration and distortion are obtained by getting an image of a stripe pattern, and
parameters of limb darkening, variation of pixel sensitivity, random noise and salt and pepper noise are obtained by getting
a number of images using a camera covered by a diffuser. Fundamental experiments show that the constructed Camera
Simulator and the proposed methods to obtain camera parameters are effective.

Key words: camera simulator, camera calibration, distortion, blur, limb darkening

1 & =

W, nRy b, BHEE, PR EKEL RO TH AT
HAENTEBY, IATM0R/RONIEBEFV TR REBL
ERMThhTW5. RENREIE UTADRER DiEEik XK
MapER ERBEToNDE. TNOLTERASNTVWB I AT
BxThHY, I ATDED, LY ADED, REMDEWIZEL-
TELNIEBRIZERD. ZIT, A TEELELIZEBRT
EDHATVIaL—FDOUEREREE-TETWS., IAT
TIal—ZIZLY, —oDI— IZBWTH A T DENH
EDBWNISCEBREERTHENTE S, £, IAT
BME2ERTAZLICLY, CG i & CER S NI 2L —
VEEIATTHRLNDIERIGEOTEZ LN TE S,

3RITCET NN DAAE R — B ERT B VAT LR CGD
SERETREIN TS, FlxiE banez-Guzman HIE, IR
BRI X o CREMEED BT 2TV E AW TR R —
V&R 5 Irradiance Model ZHEE LT3 V. ABFZE T,
TDEIBRVAT ATHRLNDREWR —VEADEL, £
HAT%YI2ab—FLTEBEHATHVI 2 L—F 2L
THIEEEMLET D, HFrp W ATREEERTHI LT,
EIAT THLNIEBRIEVEGREHATS. £z, IAT
BEET I 2 b— T30, FEERTHIAT T A=
VETHD. RFRTIE, ThbD/RTA—F 2 E#ERFIET
BETAFERRETDHZ L LHETERNE TS,

2. hASvzal—4%

2.1 AR
AR TIIBECEANRI AT VI 2 L—F DREE % BIF

* FERESEAM AR 19411 A 9H
OBAESE FRRERER GERHIXREEFEAD 1-13-27)
“ HEBBE TUY T HEHR WEIIREARTHROREL
1-1)
T E £ B PRRZ ERHIEEER 1-13-27)

870 FBBIRREE Vol.74, No.8 2008

LF B, FITRD 4 SOE&EREHREE TS,

1) 8% DREEZ TR L CHEET S

(2) BEDORVVFFEIIERT S

3) BB BE AT REIIHRET D

@) RBELTDHATIIE/ /0 LTD

WICX Y, UEREEEOHREEAEDETHHRT 5 EMBH
BLiR5. (2, QILVETLVOMILERD. @)HETLD
fELDI=dTHIN, 7 —EGITEER (—RIZ 38 @
£ 7 uBEBMHOERINTEBY, €/ 70bblF—~0Hk
R L 2N EEZ NS,

2.2 EETDIHASHME

HA TR ERTOTDICHNEL R/ AT A2 %
EXD. EPHENOBELNDMERNRT A—F ERT. KRIC
B 1 ICRTEIREMARAIASODETAEEL, HER, A4
—TR Y, BUBEENTNOREEERTS.

2.2.1 RN BEZXbNB/T A—F
FPHENPLEXDND EEXDNDNRT A—F EFIZET 5.
« Ef[deg]

- #& R R [m]

+ CCD ¥4 A[mXm]
INBEDDNRTA—FHEFELTEY, ZoB5x bt
B O—OIFFHETRE 5.

2> Image signal

Fig.1 Categories of parameters to consider for camera simulator



AASHMEBIRIT DNASYZ AU —YDBREBEGR/ S A —FEUSTFEDRE

TR ¥ vy —RE— ) [5]

- KR (FiB)

« 74 V[dB]

© RREE

INHDNRT A—Z TEGOEEMICER L T\ 5. EEE
R & A NTHBIL, FAEOFEFRIK G 5.
EEME TROATEZ bLD.

I=k -Gain-T-Eqq,

ko XD, Gain 1374, T (XEHEER, Ecop [Wim’]
IHHBETHS.

PV 7 L— Mips]
30fps(NTSC) E 7213 25fps(PAL) RS — R TH 5.

- EH§ Y1 A[pixel X pixel]

- By M(bit]

2.2.2 WERORHE
WICHFROFMEEE X D. AR TIIHREROREL LT,
WEIZ L BT, AT, B—va vy 55—, Bl &
DEHEEET .

CIEEIZ K BIET
ETRENEE Y bOTIUC L > TEL . INEITERE
INZE, a<iNzE, FERNEE, BT, EHEOTOIZHE
D EHNELZREONMET RSB TERL 5.
AR TIIAEIIEZTEMIONEIC L 3IET &L, HuvT
VI ANEERAWCERTS.

- BT

FETEEY POTHUICE > THAELS. ZOIEFIZEy b
HoTWAHIEREEL M E COERCE 5. Zh b o0k
BEZ bIUE, BETORE JIFFHEICLIRDDZ LN TE
5. INBHOTT T4 NEERACTERTS.

cE—Tg T T—
BEMBELIIATRBE L TVDHEETTE—Va T
F— (Sh) B’EETD. LLAR - I AT OEX LB E
TOEBEEHRNEZ DL, T—Yar 7 F—%5ET5
EMTED., L LA CIMEE CERMREN T2 BT
7=, KB — OB EREY 7Y T L— N TERL,
FNOEFEYTHILTE—Va v S5—2BHETAS.

- EhGE

T OINEIZ XV BEEDIE EE L BOBEMERRANS. K
e CIRIRISRTEMARTT A2 E 25 Y.

x'=x(1+kr®)

y'=y(+kr?)
ZIZT, ( )IFEHMREDC R VEENREGROEE,
r=yxt+y, OY)IEEGED D HEHROREE 2 F T

- ERORE
FORAOETT VRER 2 1R BBEOGTEEN R L
R TIIAEE & EORTAEOITH L cos*Oiztefid25 9. L
ML, ZLOVUAREDBHERRIE S X5
HTER, ORRBICLDEIBHBELDZ LD, ZOET
JAT—fRENTIIRR Y SLT2 720, AR CIERICR TS ERDOE
TNERNS.
I=1,-{-k(*+y") =k, (x> +y*)}y =1, - {1-kr* —k,r*}

@)

T IT, L BN AREBOEEME, IEDRXRHDHED
BEEEZERT. B, BRI FEOEES k&%

(O]

Fig.2 Limb darkening

Model based

Lookup table based (limb darkening + variation of sensitivity)

Fig.3 Two ways to consider the pixel sensitivity

FBDT, NTA—F Iy, X FEZLICRO TR LERDH S
LEZLND.

2.2.3 A A—TEH DR
FGUEL)AREETENVRBEDIELDEERERD. FUX
L) A RIEER I ETELD T U F LIRRBETHD. F-,
AA=TVEPOE T BVEEIIET—E LWV b Tidkl,
XL 0ENELTLTWAS., B BNVEEDIZLSXIEI AT DE
E/ARELTHERATS., 2%0, ERERICBWTT VF L
J A RFET BN, ©IEUBREDIEL &0 7 4 XTEL
|9224AR

CTGUELIAR

AT TIIEMALZ R BT A=V 2P0 ) A4 XD
HRSEIIEEE IS, T F b4 X LTERESEEZAY
THEEHHIIC LY 5.

B BVEREDOIELOX

VI ENVREREETHITIE, ZOo0FENREZ NS, —
DEEEROBEZRET DHE, bHI— 207 B VERED
S0 ZHEHNE L FETHD. Zo0FEOHEERZR 3
RT. BIECTHONITER L ITRED T A—Z2AET S
VERHZOIIR L, %E CIHERREEZRFOOLTRY. K
HRTEIBRESE 2D, FOELESBEL TEX, ERIELEY
AW THRICERT 5.

2.2.4 fE

BAHETIE, Ho~@EE TEH/ A XEEZD.

« HUo<RHIE
—fRENCEER A A TIIH o~ E%E 045 VWL 1 ITEX B T
EWRTED. AR TIIRORXTH U ~HEEZTTD.

v
. X
y=le _1{2"—1)

ZIT, x IANEGROERE, y I SHAEROBERE, n i@
REDOE Y MIERT.

BB HAE Vol74. No.8, 2008 871



AASHMEBRIDNASYZ AU —YDIBREBER/ S A —FEUSTFEDRSE
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Fig.4 Flow of the camera simulator
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Fig.5 Identification of blur by aberration using a stripe pattern
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Fig.7 Observed edges of stripes and necessary parameters
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Table 1 Results of identifying parameters of blur by aberration

Parameters for the camera] Identified
simulator & parameters o Errors
1.0 1.025 0.025
1.5 1.533 0.033
2.0 2.108 0.108
2.5 2.622 0.122
3.0 3.263 0.263
250 f&b
200 /
5 130 ——0=3.0
k] - =3 263
100
¥ /
0 " T T T S

3 7 -6

5 -4

3 2 -1 0 1 2
Shift from edge pixel

Fig.8 Comparison of blur by aberration on an edge

Table2 Results of identifying distortion parameter

Parameters for the camera]ldentiﬁed parameters|
simulator (X107) X107 Errors (X 107)
-20 -24.65 -4.65
-10 -9.90 0.10
-6 -5.96 0.04
-2 -2.04 -0.04
2.05 0.05
5.93 -0.07
10 11.17 1.17
20 23.35 3.35
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Fig.9 Comparison of distortion

I

(8)20%107
Fig.10 Comparison of distortion by stripe pattern
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(b) 23.35%107

(a) Real image

(b) Image generated by the camera simulator
Fig.11 Comparison of real image and image generated by the camera simulator
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Fig.12 Results of simulating limb darkening

Table 3 Results of identifying parameters of salt and pepper noise

Parameters for the Identified parameters (X 10)
camera simulator (X 107) Salt Pepper
200 202 202
400 454 393
600 652 561
800 904 759
1000 1072 984
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Fig.13 Input image (Irradiance Model)

(a) Real image

FOPyign 2006 - Romuslt Niswas

(b) Image generated by the camera simulator
Fig.14 Comparison of real image and image generated by the camera simulator
(F=8)

Average : 59.58
Standard deviation : 53.18
(a) Input image

Average : 125.39
Standard deviation : 51.57
(b) Real image (F=8)

Average : 52.70
Standard deviation : 49.38
(c) Real image (F=16)

Average : 49.34

Average : 158.24
Standard deviation : 55.48 Standard deviation : 41.60
(d) Output image (F=8) (e) Output image (F=16)
Fig.16 Histogram of image intensity

A

(a) Real image (F=8)

(c) Real image (F=16) (d) Output image by the camera simulator (F=16)

(b) Output image by the camera simulator (F=8)

Fig.15 Enlarged images (F=8, 16)

Table 4 Input parameters

Size of output image

768x493 [pixel]

Bit depth of input image 8

fps of inputs 300 [fps]
fps of outputs 30 [fps]
Shutter speed 0.02 [s]
Focal length 0.008 [m]
F number 8,16
Gamma 1
Sensitivity 10
Gain 0 [dB]
Distortion’s parameter 6.050x107
Parameter of blur by aberration 1.273

Parameter of limb darkening

F=8 : k,=2.31x10™"

k1=-3.10x10"
F=16 : k= 4.38x107"
k1=-5.02x10"
Parameter of random noise 1.486
Parameter of variation of pixel sensitivity 2.679%107
Parameter of Salt noise frequency 0
Parameter of pepper noise frequency 0

Table5 Results of intensity average of subtraction image

Average
Real image (F=8) & Input image 70.6
Real image (F=8) & Output image (F=8) 43.8
Real image (F=16) & Input image 18.6
Real image (F=16) & Output image (F=16) 19.0
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