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An Easy Camera-Projector Calibration Technique for
Structured Light 3-D Reconstruction

Soon-Yong Park’ - Go Gwang Park™ - Lei Zhang"

ABSTRACT

The structured-light 3D reconstruction technique uses a coded-pattern to find correspondences between the camera image and the
projector image. To calculate the 3D coordinates of the correspondences, it is necessary to calibrate the camera and the projector. In
addition, the calibration results affect the accuracy of the 3D reconstruction. Conventional camera-projector calibration techniques commonly
require either expensive hardware rigs or complex algorithm. In this paper, we propose an easy camera-projector calibration technique. The
proposed technique does not need any hardware rig or complex algorithm. Thus it will enhance the efficiency of structured-light 3D
reconstruction. We present two camera-projector systems to show the calibration results. Error analysis on the two systems are done
based on the projection error of the camera and the projector, and 3D reconstruction of world reference points.

Keywords : Structured-light, Camera-projector Calibration, 3-Dimensional

.M B Ho dEHQ 7]€2€ #HolA 4zY(laser triangulation)
#} FZF(structured-light) 7]k 7]go] glon FEFHo

FloletE o] &3 B9 3xY A EYL god g4 HEAQA 7le2 2HHL v H(stereo vision)& & F 9
Bolg 7pA 3 9o WAZA Be AF7 AdEe] o3 o %8 7€ £F8 71ed vigtd FLET}t £/ 9
Atk 339 AAL EAHYY seRE A SEY Bol A4, A7 8oz F2 AMLHT gtk 53] #olA
(active)71 &3 $5H(passive) 71€2 Ut 4 Ak 5% U TEF 59 $FF FUE o83t 249 334 ¥
€ g53+ #A3E 33449 27193D scanning) ]2} Fc
go| A& o] &% 33 2GS F2 sty oA gl
=2 20089 wEaely|ee] Yen §xdtedgAce] AU 2 0|55 YAL HEs7] o Ho|AY MG o]%

-]
i3

o
+ 3 5 Ao Thof o g RN
DR g [Toleh 73 s A A ah) 5 4 .
mead %%:gt%%gwm'%w? PR :;}f’ﬁ' ;‘ﬁzﬁi]gféﬁzﬂ 'a;r"dﬂ 91;} W 7z
(= J‘-: 1] = i d i 2 p 3 B = _'X - 't—
%4 9012} 20104 34 99, 2004 54 39 eom e $3tt X WA %
AAFgHL 120104 59 149 B4 ®d AAd] gt TEAL BAER GAANZ



216 HFEMe|S=2X B H17-BE M3=(20106)

ALY F2%e] 94E g5a] Wi £ we 33
o] qlt}.

TZ2FE o] 4% 34 27Yo2NH 49 3L &
71 8M e F2FE FASE F93} Avlet Alele)
718} (geometric) BAE &1 glojof g} o]E Fx33
Fhulleke} Ato]e]l B A (calibration) o2t @t #HolA A7)
3& sl 558 BWEcdMe= B9t Fiule Alel
o] BHo] FEHol E dAFdME FERIE FASHE
g zz e} ghdel Alole] BA did M2 7|E
< ARtstnat g

z2Ag-sge] BPL A F FHY 7ER BF
& & gk 4 R A RAL Five Z2AHY 3
2oy B 2ok $e7t AgsE g Za4
He 2249 948 FABkE 71%€ 7K g Z24H
o gL F2 23, ¥g, So|ERE Fo| P FA}
ok Fde] FALE 4SO FeEE g5 2314
Aoz AASH F 239 94 Aboldle sERIHY
(Homography) A7} A@&H7]. (2" DA 7ielztet
Z2AE Alolg] ZRIYHE H,2 FAsT 3218
3 #AE Fviele Z2AE 94X 3 W3] wpA £
Z#¢HEuclidean), o192 (Affine), H& 92
(perspective) ¥ 3 #AE 712 & Qo) by Z2aE o
A Hdeog FAlg 44L FivEE g5sin §59 94
< AHgA7E Q3 e 3oy Wikl shesit
A gAe] JFHAAY dAT 49E HojUAY, E
= 9oy JYAYgIL Moz wg el Y& 9 7
vg-Z2 e 3Ry 2R WRsirH], 2, 9]

F s nAL Z2AHE e gl (inverse
camera) 2 HF3HE Aot (29 1)olM Z2AHE E4)
FASC] HHE FASIR YA R EA ®H] 33
4 delo] A YA FIE AR 44T F
k. & T2 A FAHo| vlx| Fidete] FAEAH 3
A9 sjgle)] Z2AE JPUSR £ A 2L VT E
e Aoz 3 & gEd oF 9gsivieet otk o
A Fvlete Z2AEHe RS F e Aol BAY EE

Z;

P

DHEIHEA

soletsEA Hep
(22 1) Flolel-zEHE 2HS Sl HE

g Fivlet PR HFE £ i JIEHE (=
#x)er Fielzt GAHe] BAE FIEEYF  (PPM,
Perspective Projection Matrix)2 &% 4+ tH13]. 23
oAA Py S=EFEANA 7hvlete] F4aEA 2] PPM,
a3 P,,E 4=fFANN Z2AH FEAZ PPMS
Fdg. PPME Wi sz ys + glon
HEAFANA i-dA FHulet2 o] WS

tI

gy] o

t.Z

Pi=k[R,lt.]= [0 fuey

001

LEURSVRAT!

f.0 c,‘

Too Ton ""u‘z‘

To0T1 T2

2 FAFG 9714 ke Fielete JWREES, Rust tus
2zt 4= FA 9} s Alelg] 3 % o]F Wikl

2 =AM dFazste stde-22AEH] v F
HA 71&d FYEE 71&g Ve sa gt 71EH
FA i Fvieie T2 e FFAY BAE QodE
Z2AHE U Yodgz FE o 2gHe 73
(stereo geometry) TAIE o|&3ld EAM7Ae AzZE F
& & 9o o]2d BA sl $AF AN dAFE
F2 17te] AAE o] gAY BERF dnFe AHEE
o] giR Pt ¥ =R tdstnE F#e j)
g-Z24g BA 7]&E Agstna do. Adse 7
&2 Fivigtel 24 94 ZRaHuE ol fstd ¥
GARAAE 53 nrte FAE A g2 UE
3 FAAE 7lE2 Fivleie Z2AE Aleld] ¥EAAAE
AustA RASAL. T 23 2 339 By ox9 ¥
Ag S3to] Ao 79 AYEE FAstdch Fieetet
Z2AE 2% §£923 (projection error)e 1.0894 o]3t9]
AYEE 292 3349 59 =% 03mmeluie 58 A
=g Ry,

2. FlH2t-=2HE BHe J|E V&

2 Ao M shvegtel Tz AEe] nyd] oig JNE Je
S aostnal @) 9A A9 upeh o] Fiwlget ==
AE Alole] 7Et@Ae BAL A 2x4¥ 33dez
5 F Jdoh B =RdME 338 BA7|sd Asan 9l
o] 2 339 BA7IE dste] ZAEAL 239 BAL
¥ 408

Zhang # Huang [16]E AZRE= FHo RAHE A
4% Ag 23| 7hed 447w +2FE FAE L 9
o] UM g FEF9 FYF FE(code)E AN
tt. Y] d§ FEFe I=E U ZZAEHGAY
A4 #uE 38 ¢ geong A 9G4S v o
AoeRE T £ Atk 944 7ty FEIPAM YA
9 ZE AL st 94 FHAEREH IURA 9
HYE x 2y £ 47 AMsgch o] & sty FAAH 9
A E A garel 2709 FEBE F7HE AHEET



Cui $M41& Hd RAHHL o] g3t 7iulete Y 2

BHEE A4 2Assd. a3 oW 43 e FHE
e e £ g Jdg 240N Uy PYuld §
Abstgich FAME R JARBE Fhvels g5
RHEFE o] f3le Aee Y=HEE FASGD P4
& 7% WoR olFstd oy AR S wEs FEF
9 9=387 F399 A9 44 Yd=4¢
olgste] ZzAE o] i 9 JEuLE BAYSAT. we
A o] 7l&& FENNAHAE FLeA BAHEE o F
& & & ZIARX7} Bast Chen S3]% (419 fA}
F 2A7)EE AHEEN olE £ oYY HHE o
43 T2 429 339 29 FHNE FHIHVHESA F}
vgtel T2 BAL TS HHe] YA
7% WFgoz olFdrfiEled HAFEHRZ AT F Yt =
A FAE A

Zhou$} Zhang[17] 24 F+Z¥& o] &3 Z24g 1B
Ao 1349 AAE o4 BAVES Agsdd. ==
AelolA FAFE 1349 el Z2AEe F4o| oFf:
Hae YHAWMHE Fatnz gk AM9 AAE 1T
¥ 99 BAUE AFEA olFstd AAe JAE byt
A F3n M2 o2 B F98 AXNe] FI& 33
9 "o FEgkel v BA (cross ratio)S o] g3t} T4
HE BAHA o WAL slvjgte T2 AHA N FALG
g /He] AAMo] dig BAYolng 23 T2 AY I3 7}
Wete] BAolels|Beks Fhvetst 29l o] A (line laser)
gte] mgolgt ¥ 4 g},

Falcao 5[5]2 Hdell ¥2d BAYAHL o438t 7}
& WA BASL o)F Z2AHE BAsNY B4 o
B g4e dwrAQl By gneFoz FveE BAY

+ Z2AHAAN F A7 RANES FUF HAd FAL
stgich oo WAL g glonz T AN £A}
g e R IUE AU Aol £94 (ray)
% Ao BPE Tk Y=HEE J|FoR [ 37
Y ABPY Z2AE 7)E9 23 FEFE o] 8o =
ZAHE RAHAG o] 7IeS i FATS o3}
wEol A AN AGETt 2o} AGHoR BAHY @
A7t uny & A& ¢ F Ao

Yamauchi F[14]¢] 7ivlg}-Z24E 7] Zhoust
Zhang(16]9] 71&3 fAMElT) olE £ 239 Z2AE
92 AAE RAsE dild Z2HHE sy el
Az nesigic Z2AdAM FAE A A9 23 =
2AE FAL shve] HAL ook HA WAL T3
9 Fhefeel A Y57 2 JA] i A HEE 7
& F Uk o] WA HA] EAlo] dig 3349 AL FF
7198 Z2 AN FAG AME TA] AR olate
@] Ak

Fldel-Z2 Aee B = 339 4 F50] of
d =24 449 ¥y #4L 1A 7lEe] AAdx
A, o|F fAsto Fiulel FFT T2AEH JF Alol9 &

g

ot

WAl XY =

P15t ZHHE TR HE{-Fi0 2 2F 718 217

[0
o

5 12 9] (Homography) & T8l 7|&°] gii&< Axsin
2tk 9 & E9] Ashdown(l,2], Kimura[9], Raskar[11], 2]
i Song[12]& 7hvete} T2 AE Alole] 2344 TR
§ 7otn Z2AE J4E HEsiAY MAY 73 A
43t o5 Ak 23] ZRad Y FAI} BAFE @
< 977 ey B =79 A% 7lede At Jem
2 FgRAE §A gt

3. Hgtsts FtM2-=2HE BF J|g

2 =%dA Agste Flvz-Z248 Y Jge T
2ZAEE 9hiE2 3FE YA sidE B &
3 nlzZkA 2 dNtEe BRASfES ALEde FldgliA
BA e 44g Y5 gslee] e 2 AE
AqHE BAY e FA4E g5stojo o) Haveges
7He] Fivgte]7] wjfe] #EHoz F4L 5T + ¢l
on Fhulek J3E o83t Z2AE Y4S Y5sdo}
ot B Ggo] Fivjzte T2 AE A HEH
O 727 F9uggEs 78 £ ok BAAE ] At
A Fusgdel Aike 71EY BA &L AT

(2" 2elM & =go] Atsh= Flvjg-Te A BAY
7129 £4E RAFn Aok $4 A 2R =(checkerboard)
o 2 BAYE JAE Jivetz 5% adga gt
vzt d4e Lk Ak Lol A BA ] 4709 A2
2= U (comer point)?] HEE T} 0|5
8 YA TEs] Sk R mvHelg siah 9y
A9 52 Hamis W 12 EL AHEsgh hd
gt 43N 53 449 ¥ IYHE 27 Cy, Co, Cs,
223 Cy 2 32k o5& Fhulgt JAlA AP i
2344 FEgholth, Z2AE GPolA o8 HEZRE ¢
T Aoty g 9 I8 ZEAY 94 L2 ¥3d 5
olck. webA gielziz G5 4709 B IUHd g3t
v Z2AE ¥ 3vH Cy, Cp, C, 282 Cu & F
dlojof gt B =RoME Z2AHA 3 7 uAS
dele] FAS L vpAY FAL 7 UL XA H}A

LR ]

(28 2) Metshs Ftolab-Z2ME 2 7|82 78 &M



218 BEMEISR=2XIB M17-BH M3=(20106)

oz Z2AY IUPE 7 o] L $EdE Y
d FHoz Hgrh

Ftelete] o F IUPozRE T2 A R FYYL
HE 78 F e ofE RAHR 4L F sz g4
A Abole] ERaE BAE & V] dEold mety
T2AHY IV G vHE 2714 Y99 YA T
At stz 458 G0N miAY FAS AN o
+ 9AN7I S e ety 2 CyHe A8 Fol
£ #4E WEdtejol @k F dA viAY FAHE Fvile
[ A% AUFLR XA AAHE BEE ool 3}
EE olg IV FHolg it

oA 453 419 9% 2yl ggshs T2 A
A7 FYHPL 74 SEFAUY SRy HEL o]
3t L2%EH LE 5T 4 Ao F 94E 5 F 7|
£ Jivlel B daneFg ol gdte lvigtel T2 A
E FYUEYE Pucs PwrE T § Atk B =894
Zhang's 7tve} B3 dae]FE o] &3 THI5].

U L7t Z2AH 933 383 dAFoE FPE
PIAE FH 2FAE S F Yok ol& FAIIAEA
T ERIYIE o8& PHE e Z2ZAEHE o83}
o A FAEE & F Utk A hE FHUE FAR
e dA sjdo] F&3] FAF b s PwHo
2E W29 g5 5o Astq FH3| YA oy
o] EAHFoloF @} I8 HHE RAISls E
=EAME 4719 F IUHE ol Este] HE YR =
vUde #8E H7Hinterpolation)3t o|E W¥ IUHL
FAREIE Y. FAFE WE 2T A4 2Uy Abole o
Ag AMsta wEHoz 048 HiAd WY Y
e AA HEe IvAF} 4A F FIEERE Pwcst
PuwpE oA Tt Z2AE f94e WF ZvdE 9%
T F A=Y JFAE Foln B AEY BAY AHYE
2e 7 A (ad YoM e AL Fvlg-Z2AEH B

Camera-Projector Calibration() {
Acquire camera image Ic;
Extract 4 corners of the calibration pattern;
Project a marker;
for (= 05 < &j++)
while (|Cy - Gy |> threshold)
G = (Cj + G )2
Genrate Ip from Ig;
if (Normal mode) {
Compute PPMs of camera and projector;
return; }
if (Accurate mode) {
Project inner corners;
Minimize the distortion error;
Compute PPMs of camera and projector;
return;
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