539 B 12 1)
2010 4F 12 H

P/ R S
ACTA PHOTONICA SINICA

Vol. 39 No. 12
December 2010

XEHES.1004-4213(2010)12-2204-5

J S8 T JE RS G 2 A% A% e

BT,

(W IR TR R 2 )

i ] ] 45 A 2

Lﬁl_k.l& &? E 150001)

W B AT HOWNRAEHIRA LT BT SRR LB ANFRGH 0, 22T R4

& Ry T & B Y R R R 4 b
1191\3\’3])\&%@%/4k@%,

HOBEA,

GAER IR T AL A AR 9 A5 B & A AR
AT R E AR E T AL RAR SRS AR FAZRK

L R R W T R R AR A A 30 K A R B AT M A AT R R AL W e SR R G KL &

P TE BB 5

B HBRHEOMEFRENER EREFEREAONR AR E T, MERTE

B R K 5 W R R — AN, R @ e 3F-F a i a s, L AF R AR T

.

KEIR AN EBERE; AL RH BB K LRAH

ES XS
0 35§

AEXE T W0 RUG 25 6 78 4% 8l » S 5 O i
A S £ RS L S 2% (Reflective Intensity-
Modulation Fiber Distance Sensor, RIM-FDS) ffj F
B 5 TR B BT E R0 L 58 KBS AR DL B BR B
g P 5 A R DI A TR SRR A R A A A
2 ful 00 TSR A 32 O T L IR N LRSS

JEEE) S A B

.TP212. 14 M HERFRIRAS A

A PR R T R
Hy T 5% T3 BB 9 1 s 3, RIM-FDS (14 % 4k 5 22 %
PEOGRRIE B DL S i IR K IBIR O6 2 1% i 45 FE
BT TR R S5 R R i 52 . 3 20 42 60 4248 RIM-
FDS ##2 th 5 . & H 2= H S NI (454 SR 55 2
D71 & T 800 T AL R A R L DU s AR
PE 80 28 AR AT R LR M Y L (R
Gony T 2R A WG L B L IR AR G 2 R
LED(Light Emitting Diode) £ 24 B8 B 5t I Fn £ 45
JCEFAE R BB OG2F. BCR AH X T SR8 2F (Single
Mode Fiber, SMF), £ # /£ (Multimode Fiber,
MME) e f% i B8 2 i) G RE iE . (H LED iyt 2y 2858 5
BN BRI T A e RO A . T P R
SRR AR T O IR Z Bk eF i), B Dy MME
WL I 2 BEAR AL B L 0 2 TE DG £F 1 s 5 i T8 O 7

CER B ARAF AL 60908026) P EMEE AL PG
BEAAMRLEFFRAFT L. 2L ARA AL
(F200930) fo vl R 35 7 A F A AT AL+ AT 4
(2009RFQXG055, 2008RFQXG024) # 84

fTel.0451- 82589812 Email; zhongzhi(@ hrbeu. edu. cn
MAS B #7.2010- 05— 21 14w B H#9:2010- 07— 20

doi:10. 3788/gzxb20103912. 2204

BEY  H L5105 52 J62F 1 25 il 55 i 2 e, M 5|
G FEHE SO PO IR B P B AR I BE
M R FH BRSO EF 4 Oy BROBH S 2F . BV RT3 B 3 B
oL PR AR Ok L SR AR T OG VR Dy BRI G Y5 R0
BRCEAE BB LR 5 11z R (H I ik 4
WFR IO A B S8 18T 2k Y T8 T AE S B A ATL AR 57 3% T
S S TR R o T T I OO R . B
PL ARSI 43 BT T AN TR) 3 2 AR 0 Y B T X
RIM FDS S i i i 45 P 19 52 w5 4 4 550 45 3 5
IR H R H 7, @57 7 RIM-FDS (1 56 4 4
TSR A A 1 s S Tl AR 2 AR X RIMEFDS Ol i
L TR 1 1 T R A X B F 5T B SR T LED 1
Shy BECBH G VR R 22 5 2T 4 S BE BH R 2T
AR SCHE 43 BT BB £F B 19 RIM-FDS St 5 14
i 1 1 e B g LA RO D AR R #E ST
SR T AN by - T BSF 7 ' 5 R o] R P R SRR AR, 3 A3 BT
2 T R 2 42 6 RIM-FDS i i 38 1 5 1) 5
L.

1 EBioh

TG T P T R 7 CRP R 49 18T il 222 42D o
R\ Ro=ochf, e Sf 11 5 24 R.<<0 I, S 4
T A TMTTA s R >0 BE S5 T A A 1. S5 T8 A Sy F
I RIM-FDS JEA 454 an P 1, b BRI e 27 O
SMF, K 3 H 12 N 2w, $fH fL 12 8 NA
(Numerical Aperture) , Jor/p 0 HEEFLIE £, Bl 0=
arcsin (NA); 2 6 £F y MMF, H 4 5 H & R
2a, BUEALEE N NA,  H A 0, N BUEfLAE A B 0. =
arcsin (NA,) ; SMF F1 MMF )% [a] f5 R d,.



12 39 BT S RS TR RO O £ 0L B 1 A S ek R A R B 5 e 2205

lIlummatmg ,'" ] % Receiving

{ A P2 2

fiber \w 4] % wl " fiber
AJFS hC
AR
d S
J.N M N
v Concave
(a) Concave
o d;
[lluminating -} Receiving
fiber & 20, fiber
F C
d 0 ) / 20,+0
d ZUEV/ Convex
72 - 4 N
¥ "‘,
/R

af

7)’

0

(b) Convex

H1 R&H®@FHFE RIM-FDS FE
Fig. 1 Diagram of the reflected fiber distance sensor

with nonplanar reflector

B SMEF B %58 5 0l A3 B2 73 A g 18 1E 79 3 10
A ARG R I AR R 0 A B

(= P"Z e oD

Korpor Fom @R R AR, Py R IETE K
S w0 R OGIR IR B i W A RAE 1/ Ab R OE
HEAR.

TP 14 S O T 8 ast TV v 0 TR S TR A S
S J5 T8 B — I 2R Bk H S S b B RS O AR
Xt MMF [ fie KA ff A vl B K F MMF (19 50 {E
LM E 1(b) Y 2a, +60>>0, B, ifi & fig
MMF #2000, X Fiei &0 b3 5 2. S T 7 8 40 #r . A
SCE R FL AR B/ B SMF AR S BB 25, S0l
LR KB MMF 1 Ry 50O 2F

2 F S5F TR UV S BP R <Z0 B A% 8% 445 ' 8 30 11
REPE AN AL 1Ca) | 152 AR HE B ' 2F 1 Bl £ 3 o 11 1 17
HhC o L [ RS 22 8] R o B AREE B o, U i
REPIRIPENIEE

(d—d")tan 04w, =R.sin a.
d’=R.(1—cos a,)
—d—d
~ cos @ (2)
FC, FN
207 o (Ztza,—
NI

(d—R,)sin @+ w;cos 0

a, = arcsin ( R. )+0 3)
sin 2(0—a,)(d—d")

FC = s (2an—)cos 6 “

SR G 2 I S S T RO S A 2 O £

e Wi VAT TR B8 — A A AT 1) SR DB B A 2 AR

Reflected
light patterm

)
\

w(d) 1

M2 Rut#EsHERLImEx R
Fig. 2 Relationship between reflected light pattern and

collecting plane of the receiving fiber
Y2 b 42 w, () d1 1) 5 A 45
w. (d)=FC,tw=

sin 2(0—a,)(d—R.(1—cos a,))
cos (2a,—@ cos 0

MRz BT R T B R >0 B £ B 5 IO A 4
WA iy 1T Ak S YEBE B B AR w, (d) R
sin 2(0+a,) (d+R.(1—cos a,))

Fa ()

w, (d)= cos (2a,+@) cos O To
(6)
A
2. —aresin ((d+R(.)silrel 0+ w;cos 6)*(9 D
DT ] 45, 22 485 2 WA £ 42 Wit i Ak S B 6 B
MR EE 0 (N
sin 2(@—a,) (d—R.(1—cos a;‘))_’_
cos (2a,—@)cos 0 @
(R.<0)
w(d)=< &
sin 2(0+a,) (d+R.(1—cos ozv))Jr
cos (2a,+0) cos 0 @i
(R.>0)




2206 Xt T % 39 &
B2 (8 A SR (1), T 18 51 JZ 5 6 B 75 2 4 422 0.015
IS F 2 A 403 5345 /\/R;ff‘?;m
Py e Ri=24mm
IGrd)=— e 9 o0 N R 300mm
& z R=o<
B 25 1 b 80 9K T B 2 BB O S / %&\
LFLF A TF RS o LR 40 I 5T 6 T Bk 2 M B WSO F 0,005 -
B, BB OB B B 16T 2 th 38 (10) B ? \§
P.=[1(r.d)ds (10)
S‘ 0 i
LS W IR BB 5 2B IO A 4 5 1 A8 B i o 010 1520023

.
HR 4 SCHRL L3 AT 45, 4 A F 22 B33 YSO6 27 1 6

DB

2P, (1—C) ‘4

2 2
P — X r Jw(d) X
(D= (D) d[Jure
2 2 ___ 2
arccos (if?jiilar)rdr (1)
f

A, Py O BB IR B G 27t e D5 C DB 3R R
SIS e

M AT A5 5 558 T A 2 ~F- T i RIM-FDS 't g 4
il R KN

_ P(d) 2(1—0) dta, L
Pld)= = Y P o ¢
() Po nw(d)® zlriure
2 2 2
't

2 FEHESSH

T TG b B i B T TR IR R X RIM-FDS
Dt i R R P B s e B A A X (9 X RIM-FDS
S R R v R AT 07 B R RIM-FDS B 454 2
NP RPDLA MR HREN 20, =10 pm, £
HALE A NA=0. 10; ZHIBPOLLT LS ER N
2a,=50 pm, 5 BB % 27 0 iR BE Ol d =
125 pm; FEE R REUR C=0. 04.

M 52 5 1 % 2E 72 R, % RIM-FDS S % 37
R PR R S A ] 3, e R = oc Oy - T S
T 114 ' 5 1A AR e o s AR A SCHR L 13 ] 45 i 1 e
T Ay Y- TED ) i R i A5 L 5 LT 4. AT Rl DL
L iR AR R R il 2 9 SE X T AN R 3 R
BUN MR G B A K. FEE iR 2 R E R
R R R S B SR R B K T P DN 5 Y
iR AR RIS K S — & B, i R = —200 pm,
(U1 J52 S5 T ot A% Je i 1 A e ol £ R i AN L LA B
T B4 g5 T RS T Sk M T B A SRR Y S
P RWEHE R )72 AL . B LR B R =
—200 mm B F5PE 28 J5 B R % & Ro=—6 mm
At A 1. 85 f.

d/mm

K3 MmarRdFEEtrBEAGASEEEZNEnH
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intensity modulation curve
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slope sensitivity of intensity modulation curve
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Influence of Reflector Shape on the Intensity Modulation of Fiber Optical
Distance Sensors

SHAN Ming-guang. PENG Huan. ZHONG Zhi, GUO Li-li

(College of Information and Communications Engineering , Harbin Engineering University, Harbin 150001, China)

Abstract: To study the impact of reflector shape on the performance of a reflective intensity-modulated fiber
optical distance sensor with single mode illumination, a theoretical model was established based on the
assumption that the single mode fiber output light field is the modified approximate Gaussian distribution.
By introducing the reflector shape factor, the influence discipline of the reflector shape factor on the
intensity modulation characteristics was analyzed. Simulation results indicate that for concave reflector, as
the radius of curvature increases, the sensitivity of the back slope becomes larger and the linear range of
the back slope becomes smaller while those of the front slope remain almost unchanged. However, for
convex reflector, as the radius of curvature increases, the sensitivity of the back slope becomes smaller and
the linear range of the back slope becomes larger while those of the front slope also remain almost
unchanged. As the radius of curvature increases, the effect of the nonplanar reflector becomes weaker until
it disappears.
Key words: Fiber optical distance sensor; Single mode fiber; Reflector shape; Intensity modulation
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