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Geometric Correction for Projected Images of Ultra Short Focus
Projector Using General Camera Model

TAKAYUKI HARA™'  FUMIHIRO HASEGAWA !

This paper presents a geometric correction method for projected images of an ultra-short focus projector (USF Projector),
through 3D reconstruction using the projector-camera system. The USF Projector with free form mirrors to achieve close-range
projection has camera model properties distinct from the ones of the conventional pinhole camera model. We employ a general
camera model which maps a pixel position in the image to a straight line in a 3D space, and apply the model to the USF Projector
to calibrate its parameters by using a planar object and a calibrated camera. Moreover, to achieve the high flexibility in the
camera position, the self calibration method which estimates the relative position and posture is proposed. Experiments show that
the proposed method corrects the projected images of the USF Projector effectively through 3D reconstruction of the projection
surface using the calibrated projector-camera system with the general camera model, and achieves higher-accuracy correction
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than the conventional pinhole camera model.
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Figure 1 General Camera Model.
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Figure 2 System architecture for calibration.
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Figure 3 Flow chart for calibration.
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Figure 4 The configuration of the projector, the projection

surface and the camera.
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projection rays and captured points in an image plane.



R YUBEIE iR ey
IPSJ SIG Technical Report

TR IR

ERAR
n, =(KRe,)x (KRp, + Kt)

HASHD O

M 6 ATIREH~DT Y =7 ZEEIHRDOE

Figure 6 The projection ray projected to an image plane.

5. REMRBAFIE

RETHE, 29N 7Tul=s 20REBEREL, B¥
BOBMMIEEZITIOETO7r— (¥ 7) 25T 5. X 8
WRT LD, BEES T T Y s X O8RS A ST
HATTRE L, BEEHERICEET SHIEEMETOE
HPMERRE N D X DI IEZEATS. 22T, HHE
B AT OFEALE & RREE N E T B LTV D %EIE2R
<, FEBEES TV s ¥ ERHIERD A 7 OR%
PLE « I RM TR, BEES Y0 27 #1133 =D
WA TETNVOREIET, 2—FOHI AT I H—
NHATET NVOKIEE[1] THEANICKREENLTWS LD
L5 UT, ST v FE2HHT 5.

(c. 1)
SEROBREERDAA |
(c.2) !

RE/\S—ORgaERE |

(c.3) ¢

| FaszosenssommtE-SBE |
(c.4)

BEED= REMREE |

|(c. 5) J/

BUARBOREERALS

|(c. 6) J/

SHROERIVIOER-BA |

®T

B 7 BARRTHIEDLE T o —

Figure 7 Flow chart for geometric correction.
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Figure 8 The configuration for geometric correction.
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Figure 9 A sample of geometric correction.
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Figure 10  Calibration pattern.
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D, WIERNIEERICELNTET D0, MER CIXEE
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FFARFEZE(RMSE: Root Mean Square Error) % S H9 2. filitH
P & EGREFALE L R OC =R T D A 7 — VAR,
\lfE, WiHEEZME14L, EFETO1HOES%E 1 L
TIE#SYE L7 LT, RMSE 2H 4%, Fikigoizo,
VU R— v AT T IS E Zhang OIIEIE[12]TH
BEATa Vs ¥ ERIE L TRAMHIE L2854 O RMSE
ERHTS. EVR— I ATETLOHCKER, —#
NATET ML D BOKREMEEZWHE L LT, i~
7 bVvd L2 2V EEEE L ETXA2)F R/MET 5.

12 BATIZx 5 RMSE 2% 1 IRT. WL b &
FHERTIC R CTRTHIES TIZRMSE NN E L 2o THE D
B IEIC LV BERBOELMEBEND Z N0 5.
—EHATETNERNDZET, WTHhORITTHE
R—=IVHRATET K L TR IEREEZE O D 2 LN
TED. FHWITIE, —BIATETVIIE L FR—L D A
ZET K LT RMSE 8 172%E S CTWD. 2ok
(T IERSEE D230 212K 11 GMT 2 OBFEDE TH
) WART RO RELDOETEHND., BEIMMP—H TR
ELRWBEESR a7 4 Th, fRIATETILT
ETMMETDHZ LT, FRBEOKMMIELZEE T 5.
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Table 1 Position Error (RMSE) for square lattice.
) — % Erih—iL
=T FHIERT . N
NAZETIV NASETIV
1 0.092 0.115
2 0.547 0.136 0.146
3 0.089 0.108
4 0.093 0.117
5 0.858 0.096 0.119
6 0.091 0.108
7 0.099 0.124
8 0.293 0.112 0.128
9 0.086 0.102
10 0.185 0.221
11 0.873 0.115 0.139
12 0.078 0.111
Ty 0.643 0.106 0.128
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Figure 11
truth grid points.
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