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Development of high speed synchronous control system
for real time 3D eye imaging equipment

Jong-Sun Ko, Young-1l Kim and Yong-Jae Lee
Dept. of Electric-Electronic & Information Engineering

ABSTRACT

To show a retina shape and thickness on the
computer, a laser has been used in Scanning
Laser Ophthalmoscope (SLO) equipment using
the travelling difference. This method requires
exact synchronize control of laser travelling in
optic system to show this image. In this study,
a synchronize control of the galvanometer to
make 3-dimentional retina image. To obtain a
clear 3-dimentional
synchronism is very important for making

image, this exact
perfect plane scanning.
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Fig. 1 Basic configuration of the SLO
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Table 1 Characteristics of 6800HP

Rated angular o 0.4

excusion 40 degree | Back EMF mV/deg/sec
. 0018 .

Rotor inertia ameen’ RMS current 16 A

Max load 0.18 ] 2.5x101

recommended  |gm#cm’ Torque constant Dyne~-cm/Amp
Coil inductance (96 uH Peak current 6 A

Coil resistance {4.2 Ohms !Step response time [0.3 ms
Linearity Min 3 * Commmon mede |0 uA

20 Output signal, 32
uradians |Differential mode | z A/degree

Repeatability

Galvanometere] A& ¢ %]
BUE Y FHFAM 4

- 690 -



shelok skm), 2 9] MA¥ P93 BA G942 X
g thA 48 9oz 7o Wa Al Y FAA
o A% x| oo} oz £ FAMe FiA &E
o HF W] sgaE = Aol Bag)

5][61{7
C+[][M]

a4 59 (a)e AFF Fr71& %5 4T Hd
hy A 2

=

o 22 wEe SAsgon, 3 Fadel Ag
AAS £3 TS AAA 5 9l 8
e A9 94 YUS debdoh =% 1Y 59

(b), ()& A& polygonmotore 4:—5*1]01 2
g YA A7t HA @gke H
Q)

galvanometer o A
o FARA &3

(a) (b) ()

J85 $ZFAL o
Fig. 5 Examples of the horizontal scanning

2.3 Galvanometer2| Fst& ZAl 29
Galvanometer?] Ezdgle 9HEAQ AEFEF
3l7] A8l s HAFe FRHEH g =

ia

8l 6 Galvanometer S7F &2
Fig. 6 Equivalent circuit of the galvanometer

oW, YEEel wAAL e o ¥ £
et

d;?(tt) = % e (D~ eb( H (1)

Tm( t) == Ki Z.a( t) (2)

d0,(b

e,=K, dr =K, w,(8) (3)

d*0,(0 _ 1 B, d0,(D
=20 <2 °

3. Hol3+= A AlEdolMd 23

AA A¥L Y3 galvanometer Ao A]A®S
Z

PC

A/D
D/A

DSP

a8 7 MA A2He s
Fig, 7 Diagram of the overall system

9] ¥ % galvanometer AojAl2d ] Al E- g

o]dE 9] Matlab® SimulinkE A& 2
He oy 83 Zx 9 ¥ 19 99 Erh

12l 8 Galvanometer?2| A|S2l3 EEX
Fig. 8 Block diagram of galvanometer
using Simulink

4 . 4 P al N PR
02 04 06 08 1 1z 14 16 18 0 o1 0z 03 o4 05 0§ 07 08 0%

@ (b)

22l 9 Simulation ZI} (a) MB2E (b) 258H

fig. 9 Simulation result
(a) slow reponse (b) fast response

Galvanometer?] A2 3gk Ao] & 3k YA A7}

dastd o7 FEH EHE o

%9 edge #E2 54& ol €3 polygonmotor®]
Aete HHE ol &l AZ

o] Al&H el SOS (start of signal) A EE Wi

- 691 -



WAtk Self control® ¥ polygonmotord] 2914
LEDE FAFsle] $33RAAM F 719 FECTOlS
=& Tl Az AAFEg zFopd F Atk SOS
Az ANz = a9 108 2.

% 10 S0S Als dtaMig( 2
Fig. 10 Circuit of the SOS generator

&7) AoAZA e AA FH4L& 28 1% 2z o
g 129 ()9 2ol MCK240 DSPE o] &3]
#dd SO0SAzd FrIHe FUHdge 12bit Ao
2% (b)E o]&sl galvanometerg T+%31A ¥
ojd] A== YR HANE (2)F HEB3e] Ao
stA "o AA APoAM PlAleiZIE AMRS
galvanometer A°j7]9] S$@EAL 0¥ 133 2

o,

MCK 240

DOSP F240 1oras D/A A
10PAD 128 [T
l(y?7
oPB0
10pco [NE |
FPos ton Emor

1oPCa : Onson T YEMor
1OPC2 : Syme., Rat A/D

I0PE Y : SOS Stunal 16CH 1061

' 1 IR LED

J8 11 MA AA"e 7Y
Fig. 11 Configuration of total system

Command Signat -~~~ Posltion Ou

AL ﬁdiéllﬂgﬂ‘ﬂﬂlﬂﬂ T ﬂﬂﬂm .
©
08l 12 sosilsel 57| XK oAl oAl ST
Fig. 12 Ideal response of the SUS signal
and synchronized Position

je

>
gy
\\\// //// .

2l 13 Galvanometer 2%tuty
Fig. 13 Response of the galvanometer

58 &

E AT e 3~4% rpm9 polygonmotoret %
7l Alle A3 E dFsta o] Alze gy
galvanometer®] F7]AoJE F&3l2 DSP F240%
o] &3l #olx H=Z Aoj& galvanometerd ¢
AAE ATt o] AT EHE PlAlo] 7]

' AL B7)A Ade Aojdae & uart
Agk 14 FIUIAY] Ade Rt AheEs A%
of dfto] dojde & £ UG wEld doz
12} v) E E"Wl deadbeat observer, 417 % ':«]

Aot RE 498 Aol Bad g
R

[1} G.Rodenstock Instrument GmbH, SLO 101 SErvice
Manual 5/94

[2] Paul. C. Krause, "Analysis of electric machinery”,
McGraw-Hill, 1984,

[3] K. OHISHI, M. NAKAO, K. OHNISHI and K.
MIYACHI, “Microprosser- Controlled DC Motor
for Load-Insensitive Position Servo System”, IEEE
Trans. IE-34, NO. 1, pp. 44-49, 1987.

[4] Jong Sun Ko, Jung Hoon Lee, Se Kyo Chung, and
Myung Joong Youn, "A Robust Position Control of
Brushless DC motor with Dead Beat Load Torque
Observer,” IEEE  Transaction on Industrial
Electromcs vol. 40, no. 5, pp. 512-520, Oct.,1993.

[5} 71;]-% 713:} _%‘_}dn] 71;}]7] “odALxhj].g. zlbﬂeﬂ

FA A" CHU}J’”—?E] 2, Vol. 5, Num. 2, DD.
212-216, 1994

[6] $e14, #9173, 2%, o9A, FHW, ANy F
A [l

AN AEHEI] AA A", Axpget

, A
(7] oldd, “Hold AL 2 %*l*ﬁ*‘% %fﬂ % %Zr

{81 Jong-Sun Ko, Sung-Koo Youn, "Experimental
Results of Adaptive Load Torque Observer and
Robust Precision Position Control of PMSM”,
KIEE, Vol. 49. No. 3. pp. 117-123, Mar. 2000.

[9]1 Jong Sun Ko, Sung Koo Youn, and Bimal K.
Bose, "A Study on Adaptive Load Torque
Observer for Robust Precision Position Control of
BLDC Motor” Proc. of the 25th Annual Conference
of the IEEE Industrial Electronics Society
(IECON'99), pp. 1091-1096, Dec., 1999.

(10) J-W. John Cheng and Yu-Chia Hsu, “Motion
Control of System With Nonlinear Transmission

- Couplings”, Proc. of the 25th Annual Conference of
the IEEE Industrial Electronics Society
(IECON'99), pp. 985-989, Dec., 1999.

- 692 -



