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Abstract

Abstract

With the rapid development of computer technology and the demand for
large-size, high-definition picture image, large screen display system widely used in
science display; virtual reality; remote control; media Propaganda and other fields.
There are several modes to realize the large screen display system. The large-size flat
panel display device is expensive; TV mosaic wall has obvious seams witch effect the
display; the LED display picture quality is not very high. So the research that several
projectors tiled to create a seamless, high-resolution display is more practical value
and practical significance.

The core problems of multi-projector system to correctly show the image are
geometric correction and brightness correction. Geometric correction mainly used to
solve the problem of each projector screen tiled correctly; brightness correction
mainly to solve the problem of screen brightness consistency. The current method is
use a camera to construct a feedback system between the projector and screen,
establish  corresponding matrix between the projector and the screen coordinates,
thus achieving the pre-correction of output image. This paper also use a camera to
construct the multi-projector system, the difference is that this paper simplifies the
formula to strike correspondence between the coordinate system. Through projection
and photograph the feature point image, with the help of OpenGL texture mapping
can realize image pre-correction. For flat screen and curved screen this paper designed
different approaches. Finally, research and select related hardware to build a hardware
platform and software platform to experiment our system. The main contents of this
paper are the following aspects:

Geometric correction for the flat screen. Using binary encoding algorithm to
encode the feature points and project the feature points with a law. Design related
algorithms to drive camera to capture the feature point image and optimize the photo.
Design algorithms to scan photos and identify the feature points, thus achieving
geometric correction.

Geometric correction for the curved screen. Reference the method for

three-dimensional reconstruction to realize geometric correction for the curved screen.
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Using Gray encoding method to encode and project each pixel in the projector
coordinates. Using a camera to take photos and decode to establish coordinate
correspondence relationship between camera coordinate and the projector coordinate,
thus achieving geometric correction.

Brightness correction. Research the overlapping area’s brightness decay method.
Through analysis and comparison select appropriate fusion functions. Make mask
images then synchronized output with the display image to achieve the brightness
correction.

Survey and construct the hardware platform of test System, write the software
system. Make the projectors’ market research comprehensively then analysis and
compare and discuss in this paper. Finally select the appropriate hardware equipment
for test environment. In accordance with the relevant principles of righting a program,
clarify the process of the program running then make module division of the program.

Finally write all the code of multi-projector system.

Keywords: Geometric Correction, Brightness Correction, Hardware Integration,

Software System
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Fig.1-1 The display of TV mosaic wall
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Fig.1-3 Multi-projection mosaic in The Beijing Olympic Games
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Fig.4-5 The result display of two projectors’ half brightness
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Fig.6-1 Flow chart of multi-projection correction system
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WoR M EBRAT S, A A B s RS B T AU RSO B R
%@@ SEP AR RS A . SERIEANT B G S g SR, T AR T
R, WERPCH AN AL B AR KB, A Bos e 18 el i i F i
HUA L B GSAT RUEARORRE P, B A SR i AT o BIAT o AERS IR &7k
A LA JUARTAS A R FE AR IE R HEAT R

6.4 RGIERXIS

R T RTINS RE RS ATIRAR S5, FRATD EFENUR SR T S L A T AR
8157

EX gtk =8

(DBCEAS S IEBGEAE . RS EER.,

Q)AL IR B IR SR ST R I AT A 3

G)JUFTR IR St J ARG IE, AR il I S0

(4)FEFER R S R OE, A

(SiEfEMg: FTMBERITENEE. &k,

BoRTHE NS

(DFHIE SR R B JriB R R USRI BoR
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QB fERE: 5 EPREATIE N, AL
G)EMER R R BE: B IE SRS B0, AR ZEEREE, R &

R
6.5 EBEIRRELIY

6.5.1 FLEEE2IEEHRIR

FERAT SCIG R, B S B RS T 75 A B A B2 A B B HEE
EoRTHENLEY 1P MhESE S NBCE S, At 75 BT ¢ BR AR AL T UK L
R CIEF e ft 1A < E0nT AT B RA T 58 X — Ak« Horr fopen() bR £ AT
PASEIRAC BT II9T T fgets() BRI HCAT LASEIL AR & 1) SCAF 35— AT =75 2 H
FIRUEZ X felose() R LASEILSC A B AT HF IS, RSO FR £
HRBIGMIX

fopen() BRI %
K7 FILE * fopen(const char * path, const char * mode).
K B -
path— AL 7 BRAT I S 44
mode—i5 & AR LU A 7 AT . T A . “r o R SR VXS AR AE /Y S5k
ITRLRRAE: ot RAAFAERI ST T AHEAT B S R 4E .
fgets() BRI H T ST B2 LR 2 2 H 745
BRI . char * fgets(char * string, int size, FILE * stream).
ZH
string——/NFERE, BB R RAE R string.
size— BN FRFIAN . IR Z AL size-1 MR WERFFREAL, W
7RO AR AT RO 2 M B R size-1 4.
stream— 4% .
fclose() BRI %K .
R int felose( FILE *fp ).
SR stream— AR

fopen()~ fgets()~ fclose()$2l7& C & & P ML AIFRE T N4 BR 2L, 78 g Ae et 2

A B ARSI A H Sk S0 “stdio h” e B BAS B BB HGES 7 pR B RS SEEL A R

W =

W =

-62-



F 6 F HWHIEHM R RZT

char line[255];

char temp[255];

FILE *fpy/5€ XU AFHaEE

fp = fopen(fileName, "r");// LA H 15277 0 FT -S4
fgets(line, 254, fp);//EHUCH1E B

ProjNum = atoi(line);//ZRIFHFANE H A &
felose(fp);// 7% A S RE TN A7

6.5.2 1B1&LIREhIHEIERLR

AR A 5T ENIRSAENUA R F7 % . 5 Y6 R OpenCV HAH K bR i Jw
H—A~ Camera 2K, £ Camera FMRIEIIEEE A E A K%L StartCamera().
GrabFrame(). StopCamera(). Savelmage()SLILFTHAHNL. FOHR. CHIAHNL. 176f
& BARThRE

7E b E 2 SR E EE I OpenCV A R BSE AR ) HE, OpenCV H
cvCreateCameraCapture BRI SR 40 FFSRIUAAR;  cvGrabFrame() Bk 45 1 Dy fig
72 MR R S BCE AR A FR TR ;- evRetrieveFrame() B8 i H SR B[] H R
. cvGrabFrame(O)JME AT B ;s cvSavelmage() B B SR ERA7 24 51 KME 2148 e SO
LR E A T .

cvCreateCameraCapture() B8 %1 :

KA CvCapture* cvCreateCameraCapture( int index );
Ui index—ZAH TR LR 9] .
cvGrabFrame() B8 % :
KA int  cvGrabFrame( CvCapture* capture );
B capture FIAMFRHN 45 M) FE 4T
cvRetrieveFrame()E& % :

W =

W =

KA Ipllmage* cvRetrieveFrame( CvCapture* capture );
il capture— LI AE 4
cvSavelmage() BRI % :

W =

PR AL:  int cvSavelmage( const char* filename, const CvArr* image );
ZHU I

filename—3CHF 44, U ARAFAE [R] 44 SO K Ho 7 2 5

image—ELRAF M EIA
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Camera Z5# 73 € LA0F -

class Camera

{public:
int StartCamera();// & Z T € X
int StopCamera();
Ipllmage* GrabFrame();

void Savelmage(char * fileName, Ipllmage * image);

StartCamera() B& Z05 7 ARAS 0

int Camera::StartCamera()

{
Ipllmage * image, *imagel, *image2;
camCap = cvCreateCameraCapture(0);
if (!cvGrabFrame(camCap))
return -1;

imagel = cvRetrieveFrame(camCap);

GrabFrame()# - AAS a1 F

Ipllmage* Camera::GrabFrame()
{Ipllmage * image, *imagel, *image?2;
imagel = cvRetrieveFrame(camCap);

if ( !bufferInitialFlag)
InitiallmageBuffer(image);

cvCopy(image, buffer[i]);

StopCamera() B £ 73 AL 41 T
int Camera::StopCamera()
{cvReleaseCapture(&camCap);

}
Savelmage() BRI 2R AR A 4 T

-64-



F 6 F HWHIEHM R RZT

void Camera::Savelmage(char * fileName, Ipllmage * image)
{if ( fileName == NULL)
cvSavelmage("test.bmp", image);
else

cvSavelmage(fileName, image);

}
6.5.3 FHEREGERELR

FERBONFE B R KA FA9wE T void ShowPointlmage(int bitnum)
BRI BCR AT R IE R R s o AE L) B T AR AIE s I 12 B8 0P 32 229 H] OpenGL
(1) R 25 gluDisk ()R EEATRHAIE AU o BREUE XA :void gluDisk(GLUquadricObj*
obj, GLdouble inner, GLdouble outer, Glint slices, GLint rings). 1%%0&—/NE R
2R, T DANAR S S BB AT BB R 2 ) 1] R

6.5.4 JLAJRRIEFRR

JUARTARZ IEAR S B AN A A% o0 235 DR DA LA AR IS = A AR L B
W R BRI R G S O Bt o T2 AB R 2 B AR 5T SRR AU IR AR B
TE RO R OC 2R RE U IE SO AR S D RE « R RIAH SR T RE, 7EIX B JRATT fig 22
WA 2 BRI BIEIERHmAE. BARWT.
int FindPoint (int projectorID) ——3- FAFMERHIE 2 S RFAIE 155
void PointMapping(int bitnum, int pronum) —4F{iE £56F R 5¢ 2 3K HL;
void Output()——7Hi1 A% 1E 34
BRI FAR SIS - ARRS LA 2, AMETRE R, XEAERE.

6.5.5 =ERIEER

THERECNFIEGAEREE: void MakeAlpha(). T EINREZIRIESE 4
B IR E 4> TR B Alpha Bl R %, AR SRR M

6.5.6 IBISHELR

EAE R PUE R A Winsock KSLHL,  ENME R HEAL T ZEERE SR
(D) EHULIFP e 3 75 BB AR I THENL,  Bos TN LHEAT i
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Q) ENRIES Bonmit EHAFERE R B H . #2070 Ko

(3) ML 2% 7 I T S 4% G A A 2 R R AIE R

(4 FNEE SRR T EN 2 B R

(5)FEFF &5

EFENL, FAI%S T void SendPointInform(RenderServer s, int numinx, int
numiny, int radius)2 PR BCRNS N R IEFE S . 7E R~ void ParseCmd(char * buf)
BRASOR M T AR LRI 2

6.5.7 Eg B RIELR

EENE B, F 22 OpenGL WIS B DyRE, TRl H 0 AH SBRHIE
R =M AR E BT TSR . AR5 fE R IR AT 1T T Alpha
o R ) J7 12 R 38 0 B 23 XIS, 3 TN 4 65 05 DGR 0 B AR B T — I
Alpha ZZREE, ZK Alpha 5¢hi EHUGA AT s B EMR Z F I 4t o AAE 2 )
B & BOAC St BIRJE B IR 2 LS B S8 et o A8 ARG T

/1 2 R

glEnable(GL TEXTURE 2D);

glBindTexture(GL TEXTURE 2D, texName[0]);

glBegin(GL TRIANGLES);

for(i=0;i< (num_Feature Y - 1);i++)

for(j=0;j<(num_Feature X - 1);j++)
{
glTexCoord2f();
glVertex2f();
}

glEnd();

S E AT

glEnable(GL BLEND);

glBegin(GL TRIANGLES);

for(i=0;i< (num_Feature Y - 1);i++)

for(j=0;j<(num_Feature X - 1);j++)
{

glTexCoord2f();

glVertex2f();

glFlush();/lET 247, itk
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6.6 T RSHHIME

B TR 5P E R RF e B S AT — D EED IR, B R B A
FORTNRER LI AE, FEA KA E R T, o8 R BN A AR I S5
than: AR5 Windows i872 Linux V&5 KA AR gL S
R FH IR AL R K PR R S BT T DU RE S, R FEL G EE ., A,
FATRH T A w1 Visual Studio H Y Visual CHEAT AT JT & - Visual Studio
TR AT R RN AR ST R IR EE, A8 T Visual C++. Visual C#.
Visual Basic 2 M1E 5 T H. Visual C++2EHT C/CHHESRHETF T AT,
Visual CH+IJRET 705K ARIS% 5 7 (3. BT AIRATIE 2 e 9= R G0 7T
IR BOE 56 LA Visual C+o THIF K ) Windows RS R FEHHEIAT R4

6.7 RE/NLE

FEATE T EERB BRI LI R AR . Bl 7B R gt
JEU, TR BRAE ) G 5 AT RTHEPEROSR SR, LS8R g S AR 5 S5 I 2 36 K
9 5 TR TR B SSOMUR A D AG T+ G SRR AR o BATTAR Y AR 5< J5L U 55 i T
JLERIRE LR IE S AR R SR, DL CHumiEiESs, LT
Windows R4t N MIHFEHHE SIS R 5t

RSG5 o 2 BT SUER N B2y, B RARBORI TAEE . HAT3&RA]
FI e 55 ) — A USRI AR T 7] SR 3 RV R A 2R 4, DhREIE LA o, 82 T — 2
RIS 5635 .
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T AT 2 B PR BoR R G0 DL R Gty ) L Ja I A 49 7 (5
RBRGBRAT 2R ARHINTT, FERI U, B0 L KB e S5 AUl A ok
B2 RN o AR BT FU RO %, VR 2B TR I T 8 B S AR A
PRI A5 B 1 28 =07 A ORFE AN OR R S8 A NAERT AT OB 7 SOR BEAT 2 2
HIgEat b, JETSEIGSBUA KM, BTSRRI B 5 St [ e 2 2
RZBFP L ARG MIMREIEIT AL P90 5 M R O i 5 B =
B BN HAFYIAE N B IHE R RS, SERRMIAR RGE) LTRLE 5
RAETT TSI e A2 — R B3R

ARSCIE IS X 2 B REBOREAT TIRARIWLIT, 46 S8 = 1B & 26 AF
TEH T B BT R R G, BARR ARG Z .

(L)X T[]~ T A B ) LT IE TV AT T 0EFE,  BRAAE mi i T
RGN TR IESEAS A 3, JEARPUSCE TS E A B, R %
A NIR MG RAE A5 B o AR ARSIt AR, SE AL U A AT AL B A s
V2 AR RN AR DY &I 1 VR S, S T — A EON E S A LRI AR I
R,

(2) 70 M BB AL B v 1) = o A R 5 R L RS Uik, 3R P& T i 9
SCPHBE AR TV o RSP ARFAE A5 TT VAR, B AR R IR ARRAE
ITH IR GRS, SRRl B, ST A S T B0 T BB AR AL B AR
WEE. B, W —CER, AFREE—PuRrnE.

()X B P 28 G0 B DXk 1) 52 P vy AT R, SR Allpha SR B 5
5 R B GRS RS, B R RIE NI, S SE 0 BB X it
17 5L A AR

(4%t 2 B IREFL RN OCBERR 7). BORA. BN AR MINLERREAT 13
R, XS BECAA R A BAE LR E T A, TEAIRRE T B AU 24
Fran i R R 22 . 2%, T VEAR AT 5 R gy AT M B D
IR IR R G

(5)ifid Server/Client #4 ZEAASHRAL i AL Y JE U, X AR 3L ) 22 BOPHE AT R
GLER >0 AR ZE L3 4% AR AL SR AT RE S 1 4 S » 2SI H AR g
FIRTIR T, ARG UG B SO BT R i J it o i o 8 AR P AR 5
BLEAT 1 R 41
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I PHER AR MW 7 B A AR E BN AME, A B2 B i
RARGY) ECHARTI, BRIEFZA R, i F—2uut. T XA
I R AT RE B — Dy RS, S5 1 TAET M) LLE &
JBAELA N JUANJ7 1 -

(1) T2 L5 R FR AT B P 6 3 AR B R R HF e R R AT T AR
R AURFI AR SLLG o (HAE ISR it 75 2 i) s A B AU [ 8 TR 6
BEE A, BRAE  HEP 7 REE AR ER . EFAE W & B 5
filt BT S 2 B A R 2 B PR R G P R R S
TIIRE

TEJUTR IESEHER B, gt 2 7R AIE st EGRR 40 BRTE AN 2 7 1 S it ot
e AR A, JUHR AT LIRS IR, anSREEA HEER N 1280800, B
LRI R EE BN 42 5K, WNRBEE RESOE RS EE 2, B
TR TR 22T 22, QAT A7 280 i AR FR 4 R A 2 %78 B8 1) 5 T T

(3)TEA IE St i 72 FRAT T B SR R Sl i S 40 = P A ORI, (HR IR R
FE BRI R PR o GBS FLAE SEILIL 2 — N, Bt DA — B 3RATE I I R Gt
G ) 530 R Dy e

GHT HIWRZUREANEF S, RIS J7 AR 0 ¢S5
5 ACRS, TR T TR ) 2 AR PR AR, SR AT HE R 8 T 1 A
RS, R4 EIe IR TR DhRe it — D0 )5 I 75 B 4HE 1R A R 4

ARILEIRN Z R REM KA T B S AT 75230, HR AR
WFCRIER T IE R NS o 7E KB RIS . BB+ S5 R AT A KR
N, BEEREAG THENERIPRE R R, REARRNZ BOPHE DR RGN
Zoe FInEaetl . BUR R R ACREINEBR AN DhReEm+a . Kt ZRA TR
NI R BB AL BT 9T & AT A SRR A
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