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Evaluating the tracking performance of photoelectric theodolite by
using the amplitude frequency characteristic curve

ZHANG Ning,SHEN Xiang-heng
( Changchun Institute of Optics, Fine Mechanics and Physics, the Chinese Academy of Sciences,Changchun 130033, China)

Abstract: A novel approach is proposed to evaluate the tracking performance of photoelectric theodolite by testing its
amplitude frequency characteristic curve. A method of testing the amplitude frequency curve is also given. At first, this
paper analyzes the equivalence relations of describing a system using frequency characteristic , transfer functions, and
differential equations( difference equations). And then, the significance and the advantage of evaluating the tracking
performance using the amplitude frequency characteristic curve of photoelectric theodolite are expatiated. The charac-
ter of Wigner Ville distribution of tracking error which is gotten by tracking the optic dynamic target is described ,when
the frequency optic dynamic target is modulated continuously. The tracking error signal can be represented by a finite
number of weighted sums for the base frequency harmonic and high harmonics, based on the characters of tracking er-
ror's WVD. However, because of the lack of the scientific means to separate the harmonic components accurately, it
cannot test the frequency characteristic curves using the time-frequency distribution. In this case,an indirect approach
that test the amplitude frequency characteristic curve of photoelectric theodolite by using the line frequency modulation
(LFM) signal is introduced. At last, the tracking performance and characteristic of the photoelectric theodolite are an-
alyzed based on the amplitude frequency characteristic curve.
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Fig. 1 the relationship of describing a system using frequency
characteristics, transfer function and differential

equations ( difference equations)
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Fig.2 the space relation between dynamic target and theodolite
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(a) and relevant tracking error curve (b)
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Fig. 10  equivalent “Block box” model of tracking error
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Fig. 11  line frequency modulation( LFM) signals(a) and

relevant tracking error(b)
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Fig. 12 up-half signal and the up-envelope of tracking error curve
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SRTT AT AR IS S R 28 1 E 3, 4k i h £k
(O TE SRR , 4R J5 AT e /s — i 73 Sl 0L 45 TE DA
(B I 2, FEA5 306,245 i 2k 1 ] Bsf ST 45 34 45 1Y
MG FBH

MR 12 BEERER, 2 — SR T I E] ¢ Y 5
BB AEL R R SR T 20 0E XA, 1
ZIARECHN n, WEBIANEN IFEN>n+1, %
AL AN

y=a, +a,t +a,t’ + - +a,l" (11)

RN ek T i 280G, 2 A i
NZARENEZH AR ERE L 0 =[a,a,, -,
a,]'s WIEE/N TRk, R EE XN

e, =Y, =y, =Y, —ay, —a,t —a,t’ = —a,t" (12)
A, Y BRI ¢ 2 AR . RS TR
A (12) BF- 757 FH) fe/ME -

S:i%‘le? =i§3(yi — Gy — Oyl _azt? - _ant?)z (13)
rR%E S 3K ay,a,, 0, a, WIRSEL 0S/da, , 0S/
da, ,-++,98/da, , IS HNFE  FIFH (N + 1) DI,
Wy PR AT
agN +a, Xt +a22tf +rta, 2t =YY,

ag St +a, X6 +a, Y6+ +a, 200 =3,

ay St +a, X0 va, S 4 va, 0" = Y0,

R B R 0 -

[N X X4 )W Xt
DI WD WA W DA
DYDY ) & Xt =

_ztln 2t;1+1 2t:~l+2 zt;1+33 ZtLZn ]

_ZYi -
2tY,
Y2, (14)
sy

e R, X (13) L (14) 1 fir f SR T2 4K
EN RN, A (14) HH R EFRR R
Ba=W (15)
b AT LR A Lok A a =[ap,a,,,
a,]’s XFFRBAIEG RIS n =5 B, 5t AR 4
A 2 2R IO 21 R N2 2 B,
k2 BLEBMEANESFAXRHK

Tab.2 the fitting polynomial of envelope curve
ag a; ay
as ay as
0. 0072 —-1.4187 x10°* 2.9022 x10°°
-7.6023 x10~° 3.0517 x 10~ -2.3098 x 10~




798 ot 5 4 s

415

I E R RS B2 2 anial 14 Fis,

0 10 200 300 40
M IH]/s
P14 BRERDRIEH L A IE R4 Hh Lk
Fig. 14  the up-envelope of tracking error curve
il 2 AU G 22 I R — 1> 5 T 1] 9 PR
y(t) =ay +a,t +a,t” + -+ +ast’ (16)
LFM {Z5, o =0.2513,8 =0. 0019 g4 %L,

i ¢ =“’[;“,#4% 1 AT (16) 18 5 % 6 T

WA o BRI A0 SRR R S i A 5 I
VELGAE, BRI A5 300 F 28 26 AN IR 5 158 25 28 496 1) s
Rkl g 2
A w) =by +b,w +b,w + - +bw’ (17)
st , S (17) B R B 3 f o
£3 BHAEEHENEZTXREK
Tab.3 the fitting polynomial of amplitude

frequency characteristic curve

by b, b,
bg 1)4 b5

0.0018
-0.0720

-0.0150
0.0640

BREADRZE R GUA IR IR B2 A&l 15 R

0. 015

0.0470
-0.0184

0.2 0.4 0.6 0.8 1 L2
FARIR/ (rad + s7")
B15  BREFRZE R GRS i 2
Fig. 15 the amplitude frequency characteristic curve of

tracking error system

4.2 BT R MR I dh A 0 R R M AR OO

MIEL 15 o] AR 2, 30 A i 2 A AR EA DR 22
ZAGE R ME SIS 2 00 52 8 BOE 30 HL Bl 1
I BAPER S U L R B H —— X R DL &S
ASCHR B2 e 2 ) 28 8 5 BT T B AR 4, AR Bl
Zo gl R, n] R A 2 A BR B R 22 R AT
BRI 2 S SC PRI 45 o I HLBRER TR 22 B
YNGR E SR DN PN CIP SN VN S TS

FAIER0E 7% 3G L 2 A AR B RE EA T P 1
— B BA G, (R it 2l i
1) B HL B AT TR LASS OB 24U IR R GeTE
A TAE BN 1 TAERE, 55 5] & A BR T AF
R

PUAE 3 22 () U AR WA I H R FR 45, 7658
95 3 PR IR WA IE S8 O B I SE BRIt . 3
BLRXEA LA PS5 1

(a) B P2 A FH O A R R I LEM
(GReZESE

(b) BARAES AR 5B 1 1SRz 3 Jy
3 AFJE B LEM EWAE S 1 mAL . X FRAa(E
SHINEL, H AR BAAREF I LEM $8 (5 5 4 )
i 71

i G S [0 L e/ ST 5 = A A 3 6 1
Dy X LS A R
5 & i

SCHMT T BUE Y S A BRER T RE PR 7
MY R TR LA b 2 3 38 2 PO v 2 45 AR B
BR2E R GEMEATREE 2 i 0 VAN SRR R R . AR
AR E 2 W 55 2, 245 8 T A LR 5 1Y
fEMTE S G S T BT A5t T RS 22
VK =her<9) W NIIE-ALT] FETEER i s NN o
SR JE R/ N Z e th &0 A 0y R py it a3t 1
JCHL AR ER 1R 22 R G e A rE v it £, OF 45
T T EREREREPEM A0 2518 A S H 7R SE 30 % PR
T SR A R RIS )

SE Lk

[1] He Zh C. Photoelectricity measure[ M ]. Beijing: National
Defense Industry Press,2002. (in Chinese)
frfEA e [ M. Jb st BB Tolk H it ,2002.

[2] WangJ L. Study on TV tracking system of O-etheodolite
to track and acquire fast moving targets[ D ]. Changchun;
Changchun Institute of Optics, Fine Mechanics and Phys-
ics, Chinese Academy of Sciences,2002. (in Chinese)
F AL S 2 2 S0 rh A BRI ] AR R 4 A AR R R R
iz g HAR e R 5 [ D). KF: KFELHLAT,
2002.

[3] Zhang N,Shen X H, Yang L. Evaluation of tracking per-
formance of photoelectric theodolite using equivalent mod-
el of tracking error [ J]. Opt. Precision Eng., 2010,
18(3) :677 —684. (in Chinese)
KT VLT A I B 8 2 S AU R A e 1l
ZARERTERE [T ]. St M # T.7%,2010,18(3)



O RS AN )

No.7 2011

T TR LR 0 2 4 (R ER TR RE TR A

799

(4]

(5]

(6]

(7]

677 —684.

Zhang N,Shen X H, Yang L, et al. Evaluation of tracking
performance of photoelectric theodolite by using harmonic
property of dynamic target [ J ]. Opt. Precision Eng. ,
2010,18(6) ;1286 — 1294. (in Chinese)

KTV, W5, S5 R T Sl AR AR R R PR VE A
JEHIALE A BRERPERE [T ]. OL2% KE % 172, 2010,
18(6) ;1286 — 1294.

Li Kai, Yao Hongpin. Study on capture process control
technology of opto-electronic tracker[ J]. Laser & Infra-
red,2009,39(5) ;518 —520. (in Chinese)

RS, WRLT . Ol F R A AR A 3 A R 4 T B AR F
FE[T]. ot 544h,2009,39(5) :518 —520.

Zhang B,He G X,Shen X H. Calibration of programmable
dynamic target[ J]. Opt. Precision Eng. ,2003,11(2):
176 — 180. (in Chinese)

SR, BRBENE , DRI RT g e B A e L BEAR AR € T 1k
[J].06% k5% TR ,2003,11(2) :176 - 180.

Shi Qian, Dapang Chen. Decomposition of the wigner-ville
distribution and time-frequency distribution series [ J].

IEEE Transactions on Signal Processing,1994,42(10) .

(8]

(9]

[10]

[11]

2836 —-2842.

Skay, F G Boudreaux-Bartesls. On the optimality of the
Winger distribution for detection[ J]. Proc. ICASSP’85,
1985.:1017 - 1020.

Wang Tao, Tang Jie,Song Liwe. Harmonic frequency anal-
ysis for the azimuthal component of a large-sized intimate
[J]. Laser & Infrared,2010,40 (10) :1093 - 1095. (in
Chinese)

E AN RSLYE. SRR AT R IRIR [T ]
WOt 54141,2010,40(10) 11093 - 1095.

Ding F,Yang H Zh,Ji Zh Ch. Time-varying system identi-
fication methods and convergence theorems[ J]. Journal of
Southern Yangtze University: Natural Science Edition,
2006,5(1) ;115 = 126. (in Chinese)

T 28 IR RGBT i SR OE
B[] U R4 A R BE 5 i, 2006, 5 (1)
115 - 126.

0 Akay, G F Boudreaux-Bartels. Fractional convolution
and correlation via operator methods and an application to
detection of linear FM signals [ J ]. IEEE Trans. Signal
Processing,2001,49(5) :979 —993.





