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Mathematic Model of Ray-Path of Four-Quadrant Photoelectric Detector

TANG Xiao-jun, LIU Jun-hua, CHEN Jian, DANG Li-ping
(School of Electrical Engineering , Xi’an Jiaotong University, Xi’an, Shaanxi 710049, China)

Abstract Mathematic model of detector is the basis of precise detection. A complete mathematical model of four-
quadrant photodetector has been built by analyzing the ray-path of photodetector in this paper. In the model, the
effects of the offset of fixed position of four-quadrant photodetector happened when photodetector was being
installed, the distance between photosurface and focus of photodetector, and other architecture parameters of
photodetector on the conversion from light to electricity are considered. On the basis of building the models of
photodetector in three particular positions, viz. pitching departure position, orientation departure position, rolling
departure position, the common relation expressions between light signals, the offset of mounted position of four-
quadrant photodetector, the distance between photosurface and focus of photodetector, and the electricity signal, the
output signal are given. Comparing the waveforms of the output signals of the mathematic model of the
photodetector and that of practical output signals of detector, it is found that the waveforms of model resembled that
of detector in appearance. Comparing the feature parameters of the output signals of model and that of practical
output signals, viz. the slope and intercept of tangent on crossover point of outputs, it is found that the differences
are less than 0. 01. So the relation between the inputs and outputs of the mathematical model was consistent with
that between the inputs and outputs of the detector, and the model can be used in practical detection. And a
foundation for the profound research and application of photodetector, detection without experiment samples is
founded.
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Fig. 1 Light path of four-quadrant photodetector in work

2 DUEBRBR G SR #% B S o b

O 45 PR ' R AR I 2 Y B AN P 1 Ca) TS, B
B R R OETR YR B B R B DU AR PR O LR
) 2 AR A% SR B e TR AR BB B IR
0 75 A s T MY R R U i ) O T 4 AR )
RIS IX T . R A SR B B2k 5 OB TR R H
HAER —AF 1 A A B =S (8] 245 G A 1(b)
B B = HOA R AR RO, y IV B ET 1, «
b o R A% RSP AT BN 5 2 B3 LA 5 — K
Jr, BpAnE 2 e 1. IV BRRE AL,
yHIN T, TEREDFRE. RBOLER S EOE

ZYRMBEY KB R E1T8, P AERHER
HAVEBR RN, KN BREERESRAEN
BOE IR — 6. Stk TAER, AR EA
AR, HVME R R RS LN BEEAET S
WETFOCRIEEN ., X, CRELHE LB R —E
JCTERE, K 2 fra, KA T, 0, AN 2 5138w
FeACE A PO MR RR (X BD o POR PR G B BRI 28 1 &
BAE S — e XA & RG-S MR R, B

u, = (uy +uy) — Cuyg +ug) D

u, = (uy +uy) — Cuy +uy) 2
HoA wy yug suy Fowy 23051322 680 YA R 89
R, u, flu, RAENFHOFEREBRES,



44 VIBEE 4. PR RO LRI A8 B O BR BRI R 423

PUAR BR St R I 2R A9 O B @ AR 89 H B9 iR 3R
u. (P = fpsgsns iRy fomy) T u, () = g(gs¢,s
779Z9R’f’m9,8) A E KB H ¢’ﬂ9¢i§ﬂ~‘%mu
RBE R AERME W =S8RSO EE 5
PR A3 B G 2 [ R BE RS s R MR SR B F 2,
fRBEGRERE, B BRI A F A, m R
T 25 266 LS BE A — 2 CER U 25 236 FE A 0 52 28 B A9 AR
TR ED CGnE D i F RS HEIES, B g
WALEEEREZE, Bl v.® FRF w.(@.
AR T AR, 31X B KRR IR1F 00 B — A5 BT e i A
B EEST

B2 PR BR Ot e BRI 28 O T PO R R

Fig. 2 Four-quadrant of photosurface
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Fig. 3 Position of facula when s << r

Amplitude of output
signal of detector /V

Time /s

B4 FEAETE DL T RIS A

Fig. 4 Output of detector in fiducial position
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Fig.5 Facula tracks and the corresponding output waveforms when detector in particular position

(a) facula track when detector in pitching departure position; (b) facula track when detector in orientation departure position;

(¢) facula track when detector in rolling departure position; (d) output waveforms when detector in pitching departure position;

(e) output waveforms when detector in orientation departure position; (f) output waveforms when detector in rolling departure position
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Fig. 6 Output waveforms of detector in generic

departure position
(a) practical output waveforms of detector in generic departure;
(b) output waveforms of detector model in the departure position

as (a)

it BRI 6Ca), (b)), 8 T WL 2% U 45 B O H 3R 00 2%
B 52 bR O B RV S BB WAL R T RS
Pisin A 2822 7 2 5h , TEAR 5 1 T A M B R B
BEAY 1) 3 10 0t R 00 % S B 5 NS R —
. HETH A NBOEREA B LB F A MHE
BIES BB B 6(a) H: a, =— 1.9865,6, =
0.2027 ya, =—0.0134,b, = 0. 3924; & 6(b) K : a,
=— 1.9839,b, = 0.2087,a, =— 0.0128,b6, =
0.3910, Hy LA A1, — 35 A FRAEAE JE % #2038, B
R 7Y 1 O A (R S PR R — B AR S B I Y

2= 50 R T OB WO B9 L B X R L o BRI
T 5| 76 ) o fELISK S A 52 M A 8 A5 R PR R 15 9
SAERCZEE T EBHRNSMLESSEHEER.

4 75 %

H _E R 7 A K BT I AT, BRI % 52 B AR
SUR S E S PIPAM, RRES RAER
H, P, DO AR PR O R SR 2% 't AR T A B i oy
RS RLhRHEHES R B, A8 THRN
A S SR SRR = B b B RS 2 LR R
WA — LSRR R RER, FHI i iz kR X
i AF AR T 2 RO SR T 2 BY A i R A B , AR 3R
I LE AT 5 4R T A% B9 AR S AT RASR AR
BT o T 9 R B AR 25 2 50, DA S B R R T 4
i B AR, W AR B R = 8 e e B R 0 A
5 53X O DR RO FL S 45 45 L O BT SEBRTC AR RE
SLHAEARMBEE T A . [F6F, R R Rt
PRI 2552 7 7 RBAR 38 T LA ST =R R SRR
SE 6 LRI A5 A G % B A AR

s £ X #

1 J. Bjorkman, D. Baroudi, R. Latva e al.. Determination of
dynamic model parameters of smoke detectors [J]. Fire Safety
Journal , 2002, 37(4) :395~407

2 E. Huseynov, N. Ismailov, S. R. Samedov et al.. IR-detectors
based on In;Oz-anode oxide- Cd,Hgi—.Te [J]. International
Journal of Infrared and Millimeter Wawves, 2000, 23(9) ;1337
~1345

3 Feng Longling. Simple analysis of signal-processing skill for
four-quadrant opto-electronic detective system [ J7]. Optical
Technique , 1995, (3):12~17
W . AT AR B G RI RG hE S AR B 5[],
H AR, 1995, (3):12~17

4 An Kai, Wang Hong-man, Ren Ge e al.. A new angle-
measurement algorithm of the detector with four quadrants [J].
Laser & Infrared, 2001, 31(6):328~329
B YL ELIE AT R E . DORER ISR kT ok
544k, 2001, 31(6):328~329

5 Guangjun Zhang, Zhenzhong Wei. A novel calibration to
structured light 3D vision inspection [J]. Optics & Laser
Technology, 2002, 34:373~380



