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Exposure Time Optimization for Line Structured Light Sensor
Based on Light Stripe Reliability Evaluation
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Abstract Optimization methods of camera’s exposure time based on line structured light stripe reliability evaluation
are studied, and the reliability evaluation results are used as reference indexes for optimization of exposure time.
Firstly, existing light stripe reliability evaluation model is improved by combination with the characteristics that
light stripe cross section obey Gaussian distribution, and then Gaussian reliability evaluation model is constructed.
With the extraction method of sub-pixel light stripe center, light stripe centers are extracted from stripe images
acquired with different exposure times. Extraction results are evaluated by Gaussian reliability evaluation model to
obtain the values of evaluation reliability C and gray level R. Then, the influence mechanism of exposure time ¢ on the
evaluation results are analyzed respectively. Variation models of -C and ¢-R are built, and the camera’s optimal exposure
time is finally obtained through analysis of variation models. Experiments take the high-precision spline and cement
pavement model under light intensity of 230 lux as an experimental measurement object. Results show that measurement
with the optimized exposure time is more reliable and more efficient. Mean residual sum of squares of the single light strip
measurement is about 0.03 mm®. The average texture depth of reconstructed model is only 9.8% away from actual model.
Key words measurement; line structured light sensor; structured light stripe; Gaussian reliability evaluation
model; exposure time

OCIS codes 120.6650; 150.6910; 100.2000

Wi BHE: 2017-07-31; YRS EEL: 2017-08-27

EEWA . MRS %47 R B 5 #5558 % P H0RS (SKLCRSM16KFD03 ,, SKLCRSM16KFD04) . b 5UTH [ SR Rl 2%
F4:(8162035) S M A BB T (B FF4 GZ 52015130200

EE R R (1988, 5 1 W78 25, 2520 T B i b T 8 3 = 4 A I O 1 (A
E-mail: ltaotao1988@126.com

SURE N B 1968—) B b, B8z, 1B F BT R IE = A4S DU R0 b TR A T T R BT,

E-mail: yangf(@cumtb.edu.cn

0112005-1



% {5

1 5l =

LR S5 AR = AR i D) BRI R B 2 A
(R S 3 IS0 s el [ O W | 4 B 1]
TEATR A I A5 AU 8 R I ) R Ak R R o e
ZAGIRERVERE . S8 8 T vk G SRR IO A R R
O BRI EE 451 22 TR 3R 1 52 ) o JHG v A% 2 A0 10 AR BIL I
D S R] B 22 52 ) 25 ' 2% PR 0T St 2 5% e T 4t A %R
FTHERRPE Y B B R TR T 9 4k 45 4 O AL R 4 1
SIS ] OG Ak 0T £ 5 26 25 Ol S RO B A
EH .

Ry E— 2 ik R e A A O I RS B B N A AR
TEIE T Rk 1A% B4 1k RE 2 T L Am 8 O ik O A 4
BB A0 e 0 At B T A 0 (E S e ol SR
18815 2 0 Can g Y st ) Rnsd 25O P8 1k R 1 i 6 45 &
G S5 Sk R RS BB ) 0 S8R G A R e AT
ST EGR By B R E XS HIPLIG A sh gy ik AT
TR s Bt e AR DT {4 2 T % R A 3
BEEHTE ) CCD,CMOS L T 20 & S 42
TSGR T W AR B2 B 3 R A AR B AL T 5
P FEPT AR B X R EECR AT T B IS N
SRR S BOR A 7 RS . A A I A A B OR
(PMP) 75 Ji5 3 AT 2[5 25 08 5600 42t 4% A AR AL
Zhong %N BEAK R I 2R 2 A8 (1 ) 1k 3% 1 % PMP
I 5 S (5 L BIF 5T T A AL S5 A I Y e [ A
J53% s Ekstrand 81 X 52 A7 AS [R] BRG] R OR 4R
F &0 11 IR S R T AT 43 A, LA afl e D0 0 2 1T
UARE I TR T=h sy 5ot 1IN N A IS R SR 0

(a)

A B

g M'" et

e TR X 2 45 4 ' 2% B BB S 8 1 3 1 3
R AR AL AT ORI, LA 38 AR A 3 N 3R
bR SE 7 U5 I A IR DG I (8] SR 4R #9062k B BOF A — &
e AL AR PR MRS 2R I A i AR

AR SCHE T AR AL 5 AF BEVE M BF 5T T A AL IR
DG IR ) AR A T 3 0 L AR A e A Ol 2% 4 B
Pt 1 B UE R G I [8] . 327 1 R Bk B O 26 v
WA BE VA BB 0 AR ZOL A& oD SRS R AT T
AR WTTE T A BT 45 2R A2 BRI I 1] Y 5
M FIL B f5 2y B O I i) 5 15 B2 S A &5 2R 119 22 fe At
TUA 2 fi A B AR BILBR O IR 1]

2 LA EBEE

2 25 1 5t = 4 I e B B0OE = A, R
T Se b S AR AL L O % R Bl A A 23 [R) = o B
5 R A A S B = A AR, 02 A
BIUFIO 5 2B, I v A AL B D' B[] 79 K 2 2 5% il
YR R AR RN R — . BGR R
BLC100 ps) B 55 IR KB L 6 45 76 AN [l 1 B 1Y
IR T8 2 B A HLE 1) ], 64T
O PRI B W FEPE SR 25 . BEOG AT [E] 5 K (10000 ps)
T EOB A FRUG I WE R R T B o 2% AR R B i [
BT B Z R [ 1) ], 2% v $2 B sz g
TR M A 0 R AN . A U A e A AH AL
B HE B OG B [E] (2150 ps) DA 2R 4 & AE O & B %
L1 Ch) T Bl A A L DR 1 28 485 4 Ol = 2 I & Jorp
BF A, b AB AR R L TEEAR
BI5 X 8, C.DE A5 AN IS X,

(b)

B 1 JBAEE . (a) REE00 ps) 5 (b HEBEE (2150 ps) 5 (o) it BE (10000 ps)
Fig. 1 Light stripe images. (a) Under exposure (100 ps); (b) optimal exposure(2150 ps); (c¢) over exposure (10000 ps)

0112005-2



% {5

3 JEEKIFEETEMN

FH AL B S R ] F) 4  BE TE0L M O 25 TR 5 b e
ket oA DRI AT DA S A Ol AR R A R AR A L
KARACATYLHY BECIT (6] . O 5% A5 BE PP AL 46k
O AR IR 25 SR R AT R B B2 K RT R BE T A e F Y
62 HE 5 OGN 8] 22 8] 59 5C 2 L ok W 5 AH AL B9
FEBR G ]

3.1 AFFEEIFNIRE

LB K 6 AR B A L AR S B b ROt AR RE
e R . ARPLEIEDESR A T (o, y) BIASDE
FARUARAT I HL B fh L FRL AT A7 | FEL AT 2 R 188 4
KADBI AP R EEIR ¢ (2.
yit)o Iay y)JEBREE G EoR 1, FE5H 6 B3
Jeu T, SR, B

I(x.y)=1.+1,, Q)

JCAH 4 R RO A

g(xsyst)=apRI (x5y)St =apR (I, +13)St,
(2)
A H R Jy CCD MR, S Sy CCD MR, ¢ g Bt
[+ o Ay FEL AT 5 B8 00R L o Ry FL AT A R AR R,
(2) AW J e CCD AT HOE A B B0 R
JHI T 55 ) 9 ' 2 X6 A oA [ ) 4 4 S T i A7 245

P = b, S 5% b B — i (e v O MK
B g (rosyest) SHEERIA] ¢ RLRMEK R, RIBE G ]
TR, A% 181 5 50K B (BB, AR R I Ak B et

AR 11 2 45 4 06 0 4% U T2 v T A A e T T
SR BEARL A 6 A% P o HR A R K L RE B AR
MR O 2% o0 Al R T RO SR RE
LRI b Ry . H B B O S O B AR 1
Wiy A, R BB AL L) B RE A 0 15 B PE M 8 4
AR BRAP O T 7 DD 1T Y A8 R DR % A RE L
PER . r (2) 2 nT A, B 2 R G IS R] A B o
BT FERL S G A BRI O TR Y 4% D) 1L AR B RE n
PR BB T AR
32 XEEHEEEMER

625 FE VAN T i S X o6 4% ot o B 4R LAY ]
FEPESEATVRAY . A T 4R R R A Ik R L 7E S
HRC19-20 JPT 2 56 25 45 B2 17 A D 28 0 St b kA7 ek
HE A HE T 64 M5 A R R %A T 7R A A
FHE 2% VT R AT A T 0 A6 B R A DU OB A
LT A v T 4 R (s o) SR T E MO SR TE
Ho poo 43 B AULA = T R B B0 R 25 i Ab
BT VA K BE AR A PEAN 4R A . L3R AR B AT E Y 0T
Wrab 5. A m S BV LA AR W E 2 s .

Gaussian fit the section in
which light stripe extraction

—

center is located

Based on the fitting results (u,0),
the stripe’s energy and ground

noise are calculated

Calculate the values of

evaluation reliability

and gray level

Bl 2 Seam e BT i

Fig. 2 Process of light stripe Gaussian reliability evaluation
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