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Abstract: According to the demands of a photoelectric theodolite for angle measurement accuracy, a
CCD exposure center measurement system by taking the IRIG-B code terminal as time reference was
designed based on a Digital Signal Processor (DSP) and a Field Programmable Gate Array (FPGA).
The measuring principle and hardware components of the CCD exposure center were given. Then two
sets of IRIG-B terminals with a total source code were used to control a light emitting diode and a CCD
detector. By adjusting the B code terminal output signal time delay to control the light-emitting diode,
two key moments along with the front and back edges for 1 Hz pulses and the exposure pulses were
obtained, respectively. Aiming at the low accuracy of artificial image interpretation, an image edge

extraction algorithm based on the image centre and an improved Krisch algorithm were proposed, and
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the CCD exposure center with a precision better than 17 us was automatically calculated. Finally, sev-

eral sets of CCD exposure centers for photoelectric theodolites were measured in the field, and the

measurement results were applied to the outfield calibration flight data processing. Obtained results

show that the angle measuring error of photoelectric theodolite is reduced by 55% on average in the

Czech Airlines time, and the system is stable, reliable and has a wider application prospect.

Key words: photoelectric theodolite; CCD exposure center; IRIG-B time code terminal; Digital Signal

processing(DSP) ; Field Programm Gate Array(FPGA) ;edge extraction
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measuring system
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Fig. 2 Time sequences of second pulse and exposure pulse

i L B ORS A 1 BT R o, I E A 2
2 AN 20 B ZE A 23 508 2o v GERF 50 IE N
T JE s B R o A I A TR 2 A S B
F IS 20 A 5 O Wi B OGBS R I 20 7, BRI
W Z0h o+ 30 ms, W BEEE R K ¢ o .
t =17 +30—1. (2)
MIEE O WA BESG.O T 7+ 2/ 2 3l 2 Ui B
T Y S BRI O Hh O TR B G B AR Y B 2 AT S
ro+1/2, LIRS 50 Hz bW A9 (B S B 6 o
(VAR Tobys AVl

A= /2 =0T

5 (3

4 B REAEESR

(D~ @) & HE 2 A S 20 % 5%
HERR . CCD B 't rbts i 00 00 2 RS B 9 . AR SCix
TG CCD B I 28 48 119 PR 45 R 4 Ak BLASE
Bt e i g AR e ) B A A 1R S i [
SR A CCD fa 080 B SR e 3 P 1508
B KA RIS AR T T 32 A5 BRS04 I P 0 5
P20 ARYEE 2 B Y . H A B A K 1Y

JE A 52 3R PR AR R 1 SR L
.

®1 HBIAFRE

Tab. 1 Imaging sequence rules
MFHX WUFES B ARG CHE BRUR
49 X @)
CIRAPOE o 0 O G i i X
1 O (Fe i WD O
49 O1¢:27-1./p) O
J W 5F 0 O (& WD X
1 X @)

TE 5 49 WURFETT 1 s M RJa — Bl R O7 %R A g
X7 FR

TR b HE AT I X 5L TR R R 1 SR A
AR TR

CDFE T XF 5% 77 2B 2206 2 28 0 it A 1%
SR T - TR ERE 0l JE 20 1 T A R B T A

() TEJF X 55 07 Uk B e 255 0 i A
18 B 1 AT [R]85 A2 5 49 Mot AR f T AT

W Bk 2 N4, BEnT A B/ 2 5 B
FORAMERR . LT A A R B Y AR
FRUAEE S I B I W A L R e CCD Y ety il
TR OCAE R

PG R A A PR B i 4 B RS 2o 1 B 4iE
Tt [F) I 3 B2 R B A7 — R B RS . N ENR
M E AR E R RS B E R h RS A B
) BLAG FLHE  H T J2 5 0 A2 38 1 BT 5 R U o HH
Ttk Krisch 33 25805 19 G 05 O B2 0740 533k
I T P A5 2 5 T b AR I P R, IRIMRCR R Ak
PR A R G0 0 L 42 N R A B i B 2
5 3R AR
4.1 WEHEAR

FIfG R M Ab 3R S R A OTI A "/l Y
TMS320C6455 A% .0 kb FH %8 , HAE 145 5l an 151 3
Ji7R o FPGA AR Ry B A B (Y 32 8 40 500, 4%
S 2 A AU A A5 1 CameraLlink 42 11407 &
BAF ANINEBAE it - R 26 2 D/ A FE 3545 He b
BREALL AR 5 2 11 S0 358 7k e B0 e 28 4 1 v T £



55

A R A D 24 CCD BEhLOll& R SRy Bt 1307

5.3k EDMA J5 20 DSP 2 fit 52 i & 15 %%
i 5 45 A0 FR A5 B 5 R g b Hu R Bk AT
WA R T 4 ) AE A A R B A
2y 1 FE I . DSP AR R A% O B0 S
BB TT L 58 B AR Y 32 R T A B As T M
FE 34T H bR I M7 RE A W 5 115515 3] CCD B Ol
Hh s B 20 9T 4

| shamit | [shutein]

e

— [oaf

DSP

&3 5 SR Ak BT ARE B A {1 i AR 5]
Fig. 3 Block diagram of hardware model of image

collection

4.2 HRHHEZE
PEGR B b PHRE B A5 1R S0k AR An 1 4 B
Zi

TRAEIE I
+-1ps

RIS
Bl 4

FHBRTS 5t

H bR L
FEHC

B4 PG OR A A 3RS A Acb 2 3 2 TR
Fig. 4 Block diagram of software model of image

collection

Btk 1 ps WA HEBOE B K 1 B I 1

18 - SR J5 X SR S 1 EAR 2E A7 40 1

A 1T AR R GE 2L 3
1 RGN ) R

S 2 AN RS L TR S8 T AR
AT JE 2 75 0 A K

T R PG ) B A5 1R 2, IR IR T
Fo X FEAE . T R A 24 RS LA I 1 4
R R T A JRE ) T B
4.2.1  RARNA A H) W %

T HEAT I AR 5 I E 2 A AU ZAE A
BB A AR B BE W M AR R4 —
TR S EE b (as y) SR JE I SE B REBR (2,
WIHETFFEMBR 0.y .

S(x,y) = f(x.y) —b(x,y). 4)

R LR R EMR S y) X S, y) it
T EAR 2, 15 3 ZH KR B(x,y), G T A
HEBRERN 1LART A G RN 0 # 1T Hr i
YOI T 0o T 4 TR 1) ALUB A B 5 4 U E O
HEAT LU # , 2 ) B 3 5, 45 31 AL BB R
I H A Euﬁﬁlﬁﬁﬁn%(\%)ﬁfw

E]ZB(] k)

i) J2 75 W A2

lMs
MJMZ

(]7}’)

£
B(j. k) 2 23(; k)

14

$
Il
<

(&))

Hof . MON R EMG 5 & XY BIShY B bR E O
EOE A=
4.2.2 ey Krisch % F &

FE B BUGRA  A5 1 o3 1 s 1O [R) B A1
B B R GE 2 1A HE B o, 15 2 78 B R T
FLAEN (A BR B - 9K 5 %8 & i i B
AT AT 5 4.2 h 2500 2 B 2 B B ks J2 1) 2
XTS5 B S o X IR B TR I R S B L AR SR
Tk Krisch 31 2% 5005 10 G0 B B2 IF A 803
IR R A A I PR A5 A T ) 1 3 2 X AR SCrh
MNERTSUE K FRE S & € M TN @SS S
fEfan {5 8. HAEFEAEERA 84
Krisch B, B 2 DS Z M AR 45°,8 M6
B FE 5 Fiw.,



1308 ¥ HEE TR %21 %
—3 | —3| +5 —3| +5|+5 +5| +5 | +5 +5| +5| —3
—3 0 +5 —3 0 +5 —3 0 —3 +5 0 —3
—3 | —3|+5 —3 | —3] —3 —3| —3 ] —3 —3| —3| —3
(a)0°H1 (b)45°H2 (¢)90°H3 (d)0°H4
+5] —3| —3 —3 | —3] —3 —3| —3] —3 —3| —3| —3
+5 0 —3 +5 0 —3 —3 0 —3 —3 0 +5
+5| —3| —3 +5| +5| —3 +5] +5 | +5 —3 | +5| +5
(e)0°H5 ()0°H6 (g)0°H7 (h)0°HS8
IS S 3 E
Fig. 5 Diagram of operator on edge detection
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Fig. 6 Images in alignment of second pulse front edge and exposure front edge
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Tab. 2 Results of exposure center measurement
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