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Abstract: Multi-Projector tiled display wall is thought to be an effective technique to tackle the conflict between
the increasing demands for super-resolution display and the resolution limitations of a single display equipment, but
currently there lack of normal forms and normalized methods to support screen calibration with a high precision and
high reliability. This paper tries to solve this problem with a new color calibration scheme. The main problems in
screen calibration and the existing solutions are introduced first. Then the screen calibration process and geometry
calibration methods are listed. After that, evaluation criterions for screen calibration are discussed, and a
generalized color model for projectors color calibration and a visual seamlessness algorithm are presented in detail.
Only employing a digital camera, the new scheme can build tiled display walls with high-precision visual
seamlessness, which results in higher construction efficiency and lower maintenance cost. The methods have been
verified and applied in a variety of tiled display wall, and have shown great theoretical and practical significance for
building and maintain tiled display walls.

Key words: multi-projector tiled display wall; screen calibration; generalized color model; visual seamlessness;

genetic algorithm; simulated annealing
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Feature Feature BTW Pre-Distort Geometry
sample recognition matrix matrix calibration

RGB Generalized | |  Rational Color lookup
sample color model approximation table

Black and Co.m mon Per-Pixel Per-Pixel
. achievable . .
white sample adjust factor adjust mask
response
Overlap region Transition ( Transtion
transition factor mask

Fig.1 Screen calibration flow for multi-projector tiled display wall
1 285 0 he B TS E R

TENX 5( T E NG R X 8)). K LA B AR BE 1k B i B /N e R R R, A PO A Rl 2 1 e K5
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Fig.2 Features for geometry calibration
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(a) Before calibration (b) After calibration
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Fig.3 Schematic of geometry calibration
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(8) ZHEIL &K A Lid CAR X [HIZEA T H AL K (W32 K 74 {CAFS}.

IROD IR (2) 1 E A LR B AR E I LN, 2 B s RS I 1 AR AR BT LR A I 30%, i HL 24 21 Bk
WA 557 R ek 30901, T 48 JEA AR AIF i TH] 14 490 5 TC 4% 6 125 B8 (), BAT 1IN o B 5 (0 3 W A PR 6 o A8 SR AR S
T R AN A, B AR BEARAIE R 2 e 0 AR LT B A R b S S B 4 A TR D SR (B) P B TR I B 1 4
MR E BB BT AR A B AR R B T AR AR T G v R R ), B R R BN B
AN R HARAR, I 58 45 5 5 4 3 B A 7. o 45 188 (6) 15 BI{ CAF S}y J5 4R JUART A 1F 45 5% 3k — 35 4 YR 48 1R 7 42 4
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generation_counter=0; /*initiate inherit counter*/

termination_condition=fasle; /*initiate inherit termination condition*/

while (!termination_condition){
selectParents(generation_counter); /*select parents from current population for intercross*/
generation_counter++; /*update inherit counter*/
introgressParents(generation_counter); /*apply intercross factor*/
applyGenovariation(generation_counter); /*apply variation factor*/
evaluateAdaptability(generation_counter,termination_condtion); /*update terminate condition*/

(a) Genetic iteration
(a) BEHEEAUT R

TO=[x|; /*initiate temperature*/
Counter=0; /*initiate loop counter*/
While {
rStart=randomize(1,|x|); /*create random start index, rStart<|x|*/
rEnd=randomize(1,|x[); /*create random terminate index, rEnd<|x|*/
x=randomRevise(x,rStart,rEnd); /*create new individual: x*/
diff=E(x)—-E(x); /*calculate energy increment*/
if (diff<=0){
acceptindividual(x); /*accept the new indivilual*/
continue; /*terminate current loop*/
if (exp(—diff/Ti)>randomize(0,1)){
acceptindividual(x); /*accept the new indivilual*/
continue; /*terminate current loop*/
}
if (T(x)<=DELTA¢emp)
break; /*exit if the new temperature is greater than given threshold*/
if (Counter>Delta) /*exit if the loop counter greater than given threshold*/
break;
Counter++; /*anneal again*/
}
(b) Individual simulated annealing

(b) AR K A
Fig.4 Process for selection of distortion points
Kl 4 AR ik Ped
4 REDWMEERILE
4.1 REDH
VSL BVETEPIA RS 4000100 1x3 F1 2x2 I IE S DL 2 — N RSF 8 3x5 [ 8 2 B WoR B R N
FEVIAE. R 1 45 T 7R AL BN [R) 2R 7Y () L5 1 SR B A0 1 B REAC BRI R G o 45 2R
FE 1 W] LA H T A R 5 JSE A 22 E G BB R IR, R B G B (14 MR A i BLAT AR 4% DR R IS, 7 9K R 1 S I AR
10 2 B WOR B SRS 1E, 1% & VSLEL I 5 A% CARSLE ¥ 32 AN 8] i IR R 7E 41 ke 22 3% WO B R B A4
AN BT AR AF A0 2 i PR 7 Sl o A0 7 A WA, SRS T b CARGL v SRR 2 52 B g 3 X (1] T 43X
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AP W A 1R S LR A s TR ) 2 X T g s L, AT 2o JBE S 45 17 22 1850 b s i PO A 280 € i TR, N Dy

S A TR B R R R T K 4 R R, 5 DRAIE 4 R S R 7 R 5 /N B A% CAR SRR BE AR AR IS M 42 RS
JEE A 22 R R T 48 S50k T LA B SE 4 R IE 2R
Table 1 Isolation factor of distortion points and global intensity error

F 1 WAL TS AL L AN A SRy 8 B i 72

Display wall size Display wall type I White scree|l15 I Black screeré
E G E G
1x3 Front 0.7852 0.562 4 0.8121 0.6510
2x2 Front 0.623 8 0.634 1 0.6930 0.712 4
3x5 Back 0.596 0 0.595 7 0.636 8 0.673 3

42 HERE

T BT AN 2R CAR AU A 1 S92 15 55 Sl 7 i o R RV vy i Py 56 ), B ATT S B T SR 5]
JIT At I R R ™ e — S0P CAR AT 42 Jm B AR IE (1 595 L AR 1™ % CAR BL3%) HIAS ST I 1A A 58 E 48 54, O
I AE 1x3 I IE B AN 3x5 1975 BB 2 B WoRERFAEN 45 T 550 TS SR 20 20 €0 i i N (9 A8 [l A%
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(a) Visual seamless algorithms (b) Restricted CAR algorithms
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Fig.5 Calibration result comparison of dynamic scene
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Fig.6 Calibration result comparison of solid color backgrounds
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Fig.7 Calibration result comparison of static scene
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