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Positioning and sorting method and application of
LED display point

XU Zi-cheng', GUO Gui-xin'» ZHENG Xi-feng'***, ZHOU Yang'

(1. Changchun Cedar Electronics Technology Co., Ltd., Changchun 130103, China ;
2. Changchun Institute of Optics, Fine Mechanics and Physics
Chinese Academy of Sciences, Changchun 130033, China ;
3. Ji Hua Laboratory, Foshan 528200, China)

Abstract: In order to realize the brightness and chromaticity correction of the LED display screen, a
lamp point positioning and sorting algorithm that can automatically compensate the dead lamp position
of the LED display screen and is suitable for the image tilt during the image acquisition process is
studied. Firstly, the image is binarized to calculate the center coordinates of all the light points; then
the four-corner light points in the image are pre-positioned by the extreme value method and the two-

way sorting method. Then, the boundary points are processed by the linear sorting method positioning
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and sorting, the dead lights are located by the difference filtering method and automatically added
points, all straight lines are sorted using the boundary point coordinates and the theoretical
coordinates of the dead lights position to complete the positioning and sorting of all the lights on the
display screen. Finally, the calculation method of the brightness uniformity of the LED display is in-
troduced, and the accuracy of the positioning and sorting results of the lamp points is verified through
the brightness correction experiment. Experimental results show that the brightness uniformity of the
display screen before correction is 73.7% . and the brightness uniformity of the display screen after
correction is increased to 98.7%. The brightness uniformity of the display screen has reached the range
acceptable to the human eye, the correction effect is better, and the lamp point positioning and sorting
accuracy is higher.

Key words: LED display screen; light point positioning and sorting; automatic compensation of dead

light position; brightness uniformity correction

nn\l

1 7]

LED(Light Emitted Diode) 78 B 1 T H
SR EE S R ARSI
R BB MLk IR R BE S I T2 M
M BT LED Zead Kl 5 &6 oo 4 A
IR IO AR R A7 AR e e R 25
oS B 5 e U i BT DL BT
IR BEUEAT R IE AR BT A IE A AR P R AT A
S N HE T (0 ORS B 2 5 e e R IE I RIUR

18 255 119 5 €6 3 A W00 7 % [) — ) ] 3 A ARG I —
A X F LED R 48 B 5 AR Z A Ik vl
AL TS, 1 %M CCD(Charge Coupled Device)
TET 22 6 000 25 PP B Y AR R R R AR K FEAH TR
] P RS T A R R R 4 = . LED W R Bf
(KT A5 A A7 AE — 2 B R A L (02 38 5 A AIL4A
PR ok ) RS P A TR A R A DR R O K g
PRAIE T 5 H KT a5 7™ A 420 R AR B4 AL 95 A R OIR 43
fii o T HAE LED 7 5f v 23 ) 9030 28 4T B AN g
SUSE S RDBEKT (A 0 o 25 KT 500 A 3 A K i T
P o b X R B0 P AR DG A A S A X (E
G AT K A R B KT

AR S FH AL 8 A0 5 A6 0 4 AR Skl & LED &
7N GE S LS A R T A KT S 4 A
ST BUE AL X 4 SRl B IR Ry A
HEFF AT 7 1 Bl Ab RS A N S SE
KT A B BRIV A b X T A B 2R 34T IE 28 HEJF 58 L
BoRBEITA AT S SR . RS R TSR R AE
RCR A [RIE RN T8 T AT A7 B s A R A R B

o R 5 g B A T B T TR B AT A
2 LED i7.& PO A ARFRI

LED 5% B A2 1E (19 /i $2 52 4% 2 R BT =
5 R BRAT 82 )AL A — — X &R B LA
R TE LA A P AR P A AN KT R R A L AR
B BT AT A AR 4 IR S PR 271 i W KT s HR 9 DU 147
A bR E HE

TEB A2 KT 1 B A7 B 22 R, 56 B0 SR AR B
4 PG AT R B8 o3 A G2 8 BT 3R RS8O 14
R B TAT A B R A T S CHE S L ELAT A X
557 S5 DI R AL AT AE W] Y 22 S A Ik 2y
FERRGOE M B AN R e R AT A
PREBREIOT e A Bk PR e A o IR TR AR
TE W EE PEAZ R B A PR AR A DX BB 7315 38 K
(E AR, AR5 DA A% Al B XK (1Y
- B A 1B A R R AR /N T B A AR R K
JEAEIRAEL R 0. K T B A 45 38 K B2 E Ay 1
HT KT L B AR RO P (B s o v T B (LAY 2
Aii 8 4R B oY AR G T IR L B OB K BE {7
T L PR v A DX I DX IR s DA AT
AR S8BT R AR AR A ER I

3 LED W EZ 3R

T AR B 7 A7 TR R A bR &R 5 18R A b
Z 4 AR AR 2 A RE DR IIE 17 B4 D FEAT S B2
AR BB RS O R 25 AR BR HE PP R iR
LA ST X T A AT BBCHE e TR LAY ) 4 1



Bal

TR T 5 LED SR 5R AT i 007 41F 5 0k B v 577

T —Fp LED AT K5 #EHE P 19 581 OR SO IE
FHIFLA LED %78 5f A X 5 BB MG — 2 il
FEL oA A A A7 250 A SR AR R 7™ v R ) B OE
SN, b B D) 5 R AR AL T AR U R

PR kg G b BT A5 T A5 A0 A b el T B Sk AR
FABUMARE 8 7 152 22 55 PR 38 I AN J2& ™ s 4 HERL A
HEZ 1 o AR AR HE B I R A 1) T A A% A AL A A
AT I A SC 14 5 o HE e B30k B R JEL B SR e o 4 A
SRR AR R AL 3R 40 08 T A A B
B FIHET .
31 FAAARTENL

FE VLG 2 b Al ok A6 B D A I 1R R AR R R
T T R Sk W AR A LR S LA R R R 3
TR ER I LED KT 55 A BE ™ 46 Hie BB A HE ], L
PR I A5 B 9 22 A FDAT T £ T 9 301 oA 30 A
P Ji a5 %) S5 3T A R R 1 (B 1) s 1(b)) . fHJ2
@

1 Rmin
L4 °
L4 °
2 °
3 L °
4 ° ° b °
-~ h n
% e o
& g ° °
4 .
. ° o .
5 °
* e ., R,
o 1 2 3 4 5 6 1 8
83 /pixel
(b) 08 &
1r o - ° Y
R .
2r ‘min
° ® ® °
°
23
i‘ t . e L4 ® 4
4 °
& 4T
® o ®
5 g ®
®
6 ° . ® ¢ R
78 ' ' & L ' &
0 1 2 3 4 5 6
#i# /pixel

B 1 B4R B £ R F2 () A s & Jm B2 (b)) B 22 fif
1 D e 3 R A 30 ) TR

Fig.1 Two points lecated furthest and closest to the
origin while the screen being shift clockwise

(a) and coanclock wise (b)

St KA S R I, WAL T 4 A LED AT
TR BLAELT (A5 B, ) JE 2 5 B AR A L. R U
AR SCAE S A HE T 16 SRty 10K BT KT P A o7 B 4 IR
R AR AR HE SRR AT T H B AR A

B S AR AR O (0,0) , A Fr SR 1)
X Bl A7 R T s YN S Y Bl 1 R SR OE
], T T A st A o 380 A o T 22 ) B S O
W/ ME BT 7E S XY, M R T 7E Sk N
XY, G 0E R AR AE MR AT T 0
RIGIB T SRR Y HEN Y. - R FT
HEPYENT Yo — 30 B CL A ESE S
Z A AR D W 2 () iR, K 2
HE 6 119 o5 42 HR X DA /IS 381 R HE 1) O 2 ICHE Py X
/N X AH WA RE /N T /2 00 80, 1 128 45 S an
Bl 2 in . e B /NE R B0 Y (B K
SURPCAZE TR M TS IR I R XY,

@ 0
1
d .
. ® N .
2
.
E * ¢ * L o
& 3
& ° bt . .
t d U
4 ° . R
) ° .
5 o o
° d ° -
Y
6 1 1 1 1 1 1 ) max
0 1 2 3 4 5 6 7 8
i3 /pixel
®) o
1
R .
‘min @ ° o
. ° N
2 .
* * ¢ hd . °
£ 3
% | .
g ¢ ° o .
4
.
. ° N .
5 °
Xmin * L [ Py
6 1 1 ﬁ 1 1 1
0 1 2 3 4 5 6 7

Br# /pixel
Bl 2 WL e 0 T A U () FIURE I 28 2 26 A T
(D)
Fig.2 Preliminary screening of the lower left vertex
(a) and precise positioning of the lower left

vertex (b)



578 VR RSN %36 %
Iﬁlfﬂﬂiﬁﬁttﬂﬁﬁ,ﬁrﬁ%ﬁ% X {EL%?‘] bl — VX.Yi 7klIX“Y, ’ (2)
X e IR ITAE A X AH/DNT X — 30 B9, ks = (Yxeve — Yxive) /(IX((Y(, —Txiv.) » (3)
wE 3 frR. BB 3 MHEIE Y S IR Y A b =yxove —k2Tx.v. s €
NERHES I BAE N Y (B 5 &/ Y (B B9 46 5% ky = (¥xive — Yxivi) /(IX,Yu —xxyv,) » (D)
{E/J\:J:Z/Z Eg/ﬁaﬁﬁ%]iﬁéél:%ﬁn@ 3TN, ®E by =yxiv. —ksxxiv, » (6)
FHMNMER R X EHER RSN A FATHE, ki = (Yxeve — Yxive) /(-TX(,Y(, —Ixiv,)
IR iy XY, 2 i m HE Y 58 R (7
AN A A RE A by =yx.v. —kixxv. . (8
(@) 0 0
1
. ° . o ! D,
5 o ' P R
e * ¢ ° . ° 3
& 3 ° Ny p E 3 D h
i * ® 4 ° ﬂ\ﬁé ?
& * 8 D,
4 ° ° R 4 )
° . N
5 L4 L] Y ° 5
1 1 1 Lt ° * ?,““‘ D2
% 1 2 3 4 s 6 1 8 % 1 2 3 4 5 6 71 &
5% /pixel 53 /pixel
® 0 B 4 JEECITAEOL T B r 4 S B2k
1 Fig.4 Positioning four straight lines without dead lights
° . . Y.
2, L= 3 SRR A5 (9) 43 550 B AT M5 4
) °
£ c e d ] e 2 ] OB
it * hd . -
&4 . L4 ° ° d:‘k-:f y+bz‘ X (9)
. . ° o . vk —1
5 ° . ° . M Ty =Txy 2B Tx,y, =X xv, B b HEAE
T A | 12 FF LA A 2 (10D R QLD H 5 B B 2
%1 2 3 4 5 6 71 8 f¥1] 9 B
8% /pixel
d:“TXIy, *1“ ’ (10)
B 3 e A b A IO Ca) FIORS 3t 2 A0 A7 b ff1 T d = ‘1'X(,Yu — ‘ , (1)

H.(b)
Fig.3 Preliminary screening of the top right vertex
(a) and precise positioning of the top right

vertex (b)

PLEJEAE 4 A B TR = S0 AT B 00 T
TR0 8 AL, QSR AE 4 A A sSAb BB T I
PE— B AT A HOF BT E AL

TSR E LY 4 A R AR 2 ) T M 3
AR 4 FHLIF MW D D, Dy, D,
(& 4) 15 BE b ERMR SR AME 4 2000 B Tr
FERIZHL.

ki = (Yxavi —Yxivi) /(xxuy,v —xxy ) » (D)

WS B BRI /NT /2 WS a2k 3) 4 &30
L EREKET DD, lAIM SRR X |
MBI KHES K& T Dy D, B0 IR Y
B INBIRHES , 58 kPRI S HE T L JF 15 1 B 2%
R my ma my m

T EMR SAT I L IR p AT q B H
REAC LA JE i > B o] DU o 158 3018, e LA
T A X L R e SR AT OB S TR AT B B A A
AR SR R O AELT . ARG 4 2530
AL A A RE H BLAEAT O O, B A IR AT St
CRUE AR IR

WL A9 L (10) L (11) [0 3k 7T LA A5 31 &



Bal

TR T 5 LED SR 5R AT i 007 41F 5 0k B v 579

T 4 K R AR L my s my  my | my,
A7 5 30 (1 6 W T 34 2 s 6 A s 6 B 43 S0l 152 K
ALVA VA ALEIA BEm, — 1T 58 m, —
VAT, FHRAE LD «» 8y 2 KT 170 By &4
KB E B AR FICAT I B (=1,2.3,4) , ik

A

B, =A,, —A,i1, (12)
W B, B, W& HA L n. KT 171 BIME,
B,.B, ¥ —3H n,, n, KT 1.70 B91E, BD
nysn s ny s ng ARRBFI AL FIRAT A BN
(RGO

X i1 Yi1 X2 Yi2
cy v ch oy T 26 A0 T AT T S T 2 )
Amis1 = AW = T R B REAE B L 0 SR BUAEAT U 2 43 1 B
L1 Yimi Zom Vi BN &0 22N M AUAT b ARG A 2 0 i B HE R
TR T DA & B —Fh e 00 (L 5)
@ 0 ® o
1 1
b ° .Dl. .
2 1 2
m\:s D, p &3
& D, gj
4 4
5 5
DZ
% 1 2 3 4 5 6 7 8 60 8
% /pixel
(&0 @ o
1 5 .
2 2
ﬂ‘\:(: 3 D, §'3
a6 D, fg
4 4
3
5 (] .Dz. . . 5
% 1 2 3 4 5 6 7 8 65 s
% /pixel
© o ® o
1 1
D
2 2 °
& 3 g &3 b
#& % D,
& L D,
4 4
L]
5 5
D2
6o % 1 2 3 4 s 6 71 8
B # /pixel 3 /pixel
5 e b T AURBEAT L T G A W45 — A7 55— 51 () FUSE — A7 45 — 51 (b) s 47 b A T JR JE AT . BURE 30 T2 o 1 5

AT R — 8 (o) A G — 17 B0 — 50 () s 22 T A TS JE ST (o) s A7 B A TS JESEAT (D)

Fig.5 Top left vertex is a dead lamp, the pre-positioning vertex is the second row, first column (a) and the first row,

second column (b); The top right vertex is a dead lamp, the pre-positioning vertex is the last column of the sec-

ond to last row (¢) and the second to last column in the last row (d); The vertex of the lower left corner is the

dead light (e); The vertex of the upper right corner is the dead light ().



580 W5 B

836 %

PLIEL 5 Ca) S 81, 76 b #f T S 32T S B2 —
F755— 20 hy 31 i Fe i /Y A, BT 126 Dy B Y
BB m, I EAEAT AL g 0 b — AT BB AT
FTEGSBATE p. HE D, RS A% m, N
FRITANE ., FETEB ARSI g, B D, |
AR m, I ESEIT A B, 45T B S BAT

Bop . S A 13D WA LR GE 22 b A T
HHEKT S WEIE D 15 Sk B RE A, T AR TH G AL IR
AT EE ARSI b FE—A> s AR AR
p=m;+n;+1
p=m, +n, ) (13)
q=m, +n,

[vi) 0] 5 HE LAy 5 BB IO A FE AT 1) A b, 58 B A AN
A R ) R A
32 KEHF

10 A B R A S8 I L 4 RS 20 (3) L ()
(D (O LHEH Dy, D, PIAEL R, %
HR 20 (0 18 37 BB K i T B 4 B 3 1 o500 2 3
BLER I B X (B RN 0% P 4% LR HE T, 4
ELER T BLBE KT 4% RO [ sh b . IR kAR

Wi p ATFII AR R E, L E, . i,
X1 Y1 T, Vg

L1 Y X, Vo

E, = . . s E, = ! !

X p1 Vo1 L pg Yopg

FRAR ZE 05 R HE B 12 305 ML AR 40 A L (H 22
1ok S % AN SR A HE R — AT 1 R A3 T g —
17 FEAR Il 8] B R Bk 5 R P A B b X b
TP AT TR SR A R 2 L
DA 243 500 %t B — A7 BOp T 5 A O R L AR BE
E,, E, 17 1 5 2 AR 0, BT DAAR 3 28 5K
(D (A AT LI p MHLK R,

ki=(yiy —ya)/(@y —xa) . @=1p)
(14)
b=y —kisxys(@=1-p) . (15
SRIGARIE AR A6 FIT R T A SR AEHLEZ
(] f%) R
di=lkix —y+b [/ JREH (D7,

(16)

R 2R B AR RN AL I DA
di=|zy—z| an
EN R LA e =R K 3 g N i

B4 ETEE 1 B 5 H B Y /N HE 31 B0 52
FIAT S50 TE B HE R

4 THEAIE

41 HERERBER

LED /R BE MR R SR B4l 5 0K 3
T €, 1) 2 0t W A 2 B R T DA X g —
B R S AT RGE . R LR O ol
FEBARMEAE N B A E 2 R 80U R AR IE DUS 58 B
R AR ™ H, S e LA R . O T RS TE 1Y R AL
R AR SO e BRI s s B . Bk Ty
o0 K R BRI R LT Bk 3 R L IR K
SEREIRAY B oK, CCD ALK % B oR Bt I
18, REET s 5 B B R F 5 BE A AR A ik 1D
GEiHKT S T HE N BT A R R S Z 0 SRS R
AT BB 5 AR ISR T S48 o 5 FE AR T 8
e L1 0.85 152 1Y 5 BEAE A AL IE 58 BE Y B Fn e .
Wi H AR E LU 1k B A KT e Bl i — A8 e R
MR X A HAMELLGR R E —BUW EH.. W5
W BARSEEAE S BT A AT s e BE (EAHBR S ) R 2L
yiil O

I.
R, =7 X 100%
I,
G,-:I—><1oo% . (18)
gt
Ibc
B, :I—><1oo%
bi

KPR, .G, . B, Al el o g i A es
AT AR IE R B T o Lo o Lo N 3 FHER(L Y
HARSEEM: I, I, o1, R 3 RREEAES i ST A5
MSe . IRAAEA ST S SE /N T B AR5
JEAE RSO0, WZ S R OE RBUORME N 1. Bt
21 I S VS A S = G A < S T S EN £
[R: G, B.]".
42 KRN=ZEHIHE

SEREH AR TR R R

(DTERm RKIEH Em e R By,

(MBI K 6 IrflEm P, ~ Py %%

AR Ly ~ Lo BT L .
(3) AT 1O H B4 Ss i At P,

L.,—L
| ‘x1oo% , (19




TR, 5 LED BoR 5RET A8 7 HE P 8 v

Arhi ho~8 P ERE— i,
(DB e /MEAR R R LED 7R B 1 5%
BEXSEL, .

!
H/I9
P, Py Pl T
H
P, P, P,
P, Ps P
‘JW@‘—
W
6 8 BB A el e o 2 1R

Fig.6  Schematic diagram of brightness uniformity

measurement points

5 ERERSMN

o T REAR SCHE 53 19 ROPE L A SCHEAT
TR, SR R K 320 X 180 B4
7% LED 78 B 45 Kl 355 h T BT LED 41
S B L IFAR A BRSBTS R BB
W5 .t i i A7 58 34 S PR I e T R
B 13 R R B 7 B e () Sk R OE R
SRFR L (b) W IE R SRR

(2)

(b)

K7 RCIERT () ML IEJG (b) B7R B 3% Bos JOCR
X L 1E

Fig.7 Comparison chart of the white field display

effect of the screen before (a) and after

(b) calibration

X 7O 7(h) Al RAFE HA IE /T R
BEAFAE 5 BER — B HOR X Bk, 2859 120 5 5 B
T —3, At 5E EER I AT AT DUAS AL
IEHTE ST s 52 BE S S 20 R 73,7 %6, 1 28 5 4
EJE AT S 5 2 98.7% . K IERTE
WORBE A EH LD LR 3 3 i IR AT 5
B VA B s B S M RNk 1.5 2 R .

®1 REW=EES=EHSN

Tab.1 Brightness value and brightness uniformity before correction
4 o 45 i
SP=R AR
SEREE BSME/% SEREEE BSE/X% SEEEE BSME/X% SEEEE WAME/XN

0 1549.8 74.4 359.8 81.0 984.2 73.1 214.2 74.5
1 1 559.1 73.7 371.0 77.3 982.2 73.4 212.4 75.5
2 1 558.8 73.7 367.9 78.4 977.5 74.0 218.0 72.3
3 1465.3 81.3 340.7 87.4 927.1 80.5 205.5 79.6
4 1515.7 77.2 358.0 81.6 956.8 76.7 211.5 76.0
5 1 541.7 75.1 357.7 81.7 987.1 72.8 212.2 75.7
6 1535.2 75.6 350.1 84.2 991.9 72.1 208.5 77.8
7 1 535.1 75.6 353.8 83.0 986.7 72.8 210.3 76.8
8 1509.8 77.7 362.9 80.0 952.9 77.2 211.5 76.1
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Tab.2 Brightness value and brightness uniformity after correction
=i Z £ 13
PR AR
SEEEH BaM/ % SEEEH B/ % SEEEME B/ % SEEE WM/ %
0 1 233.7 99.9 302.1 99.9 778.7 99.6 170.7 100.0
1 1 230.1 99.7 304.8 99.2 767.8 99.0 168.7 98.8
2 1237.8 99.7 307.2 98.4 775.2 99.9 171.7 99.4
3 1 246.4 99.0 305.4 99.0 780.4 99.4 171.6 99.5
4 1 247.8 98.8 304.2 99.4 783.8 99.0 171.3 99.6
5 1218.4 98.7 297.4 98.3 767.6 98.8 169.7 99.5
6 1219.7 98.8 296.5 98.0 767.2 98.9 169.3 99.2
7 1 233.6 99.9% 299.3 99.0 780.2 99.4 170.2 99.7
8 1 241.5 99.4% 304.9 99.2 781.3 99.3 172.6 98.8
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