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Abstract 

A microprocessor-bJsed, StJnd-alone mirror monitor 
Jnd control system hJs been developed for synchrotron 

rJdiJtiOn kJm lines. The operationJ1 requirement5 for 

.- mirror poxition Jnd tilt angle, including the pJrame- 
tera for controlling the number of steps, direction, 
speed Jnd JccJlerJtion of the driving motors, May be 

programmed into EPROMS. The instruction sequence to 
CJrry out critical motions vi11 be stored in J progrJm 

buffer. A mJnUJ1 control knob is also provided to fine 
tune the mirror position if desired. A SynchronizJtion 

scheme for the height Jnd tilt motions mJintJins J 

fixed mirror Jngle during insertion. Absolute height 
Jnd tilt Jngle Jre displayed. Electronic (or proqrJm- 
IJble) tilt Jngle limits are provided to protect 
JgJinSt damage from misalignment of high power beams 
Such JS focussed wiggler beams. A description of 
mirror driveo with a schematic diJgrJm iS presented. 
Although the controller is mJde for mirror movers, it 
can be used in other JpplicJtions where multiple step- 
ping motors perform complex synchronized motions. 

Introduction 

Devices such JS targets, COllimJtOrS, slitr Jnd 
mirrors which are installed in beam lines Jt SSPL re- 
quire precise remote positioning and monitoring under 
computer control. Since 1973, these Jnd SimilJr Jppli- 
CJtions hJVe been handled by several kinds of home- 
mJdJ Jnd commercial stepping SOtOr COntrOllerS. New 
inStru!TtentS being installed Jt SSRt require COmpleX 
motor control Jnd SynchronisJtion. Recent advJnces in 
microprosser-based stepping motor controllers have 
made these‘ devices Jttractive choices for new Jppli- 
CJtionJ. 

The mirror mover on J new beam line Jt SSRL uses 

two pJired stepping motors (One pJir for trJnSlJtiOn, 
the other pair for inserton) to control mirror height 
Jnd tilt Jngle. The Intelligent Mirror Monitor and 
Controller (IHK) is aimed at meeting new beam line 
needs for multiple stepping motors Jnd their synchro- 
nized operation. The system schematic diagram is shown 
in Figure 1. Here, two identical IXMCs Jre used for 
the mirror control system. Their difference is Only 
the proqrarnr stored in EPROMs for their own position- 
ing. The clockwise (CW) and counterclockwise (CCN) 
mechanical limits provide the signals to the micro- 

processor in IWlC for over travel protection. 

Figure 1. 
I 

LLILY. 
SYSTEM SCHEMATIC DIAGRAM ,” I 

L I 

The IMMC uses the single chip &bit microprocessor 
CrS12 (Cybernetic Micro Systems’ product) which his 

the following features: 

1. Built in numerical control firmuJre to simplify 
programming. 

2. ?rees host processor by off-loading programs 
for l Jch independent stepping motor. 

3. Software direction Jnd hardware/software 

start/stop control. 
4. Absolute Jnd relative poritioning aodes. 
5. ProgrJmming in either ASCII or BINARY code. 

6. Ramp-up/slev/rJmp-down, step inhibit operation 
Jnd Selection. 

7. 4000 pps maximum stepping rJte (with 6 MN2 
CrystJl). 

8. 25 high level COImSandS. 
9. Sequences Of high levcl‘commJnd5 stored inter- 

nJlly in J progrJm buffer Jnd executed on com- 
mand. 

10. Ability to dovn 1oJd progrJm5. 

Par COnvenient Jnd flexible control operation, the 
system will work in J StJnd-JlOne mode. 

System Description 

Piqure 2 Shows the overJl1 configuration of the 
system. CentrJl to the desiqn is the microprocessor 
cY512. This miCrOprOCeSSOr hJS the Jhility to receive 
Jnd proces5 COmmJnds. to qenerJte the desired timing 
sequences, Jnd to drive the stepping motors. 

Twenty five high level 1Jnguage commands (see 
Table 1) Jre JVJilJble for programming. TJbleS 2,3 and 
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4 are listings of programs which perform the three 
ScJndJrd mirror operation: (1) insert mirror into the 
beam; (2) Jdju%t the abirror height and (3) Jdjust the 
mirror tilt angle. These programs are stored in EPROM 
memory and selected. 

The program laay be selected using the ‘PRESET AD- 
DRESS? or .SPEED SELECT' switches. and a push button 
'START. is used download the program into the micro- 
processor's buffer memory (see Figure 3). The BUSY/ 

READY SignJl from the microprocessor synchronizes the 
1oJd process, one byte at J time, until the end of the 
p.rogram (terminJtion -symbol OPFA) is needed. The end 
6f the program then inhibits further progrJm 1oJding 

Table 1 
CT513 Command Summary 

ASCII NAME INTERPRETATION 
CODE 

A Athome Set current location us 

zero 

b Bitset Set programmable output 
C, 

D 
t 
? 
c 
N- 
I 

J 

L 

N 

0 

? 

d 

1 

S 

T 
0 

V 
w 

X 

* 

0 

absolute 

line high 

BYTES 
STORED 

Clearbit Reset progrJmmJble output line low 
Doitnow Begin program execution 
Enter Enter progrJm code 
PJctor Set fatter parameter for step rate 
Go Begin relJtive stepping operation 
IiJlfStep Set hJlfstep mode of operation 
Initialize Turn off step drive lines, reset 

controller 
Jump Go to specified program buffer 

location 

Loop Repeat progrJm segment for 

specified count 
Number Set number of steps to be tJken 

(relJtive1 
Offset Set next stepper drive signal value 
Position Set and step to tJrqet position 

(JbSOlute) 

Quit. . Stop saving progrJm, enter comJnd 

mode. Also quit stepping. 
l never followed by ‘) - 

RJte Set step rate pJrJmeter 
Slope Set rJmp rJte for slew mode 

operation 
Loop Til Loop 'Til- dowhile line goes high 
Until Stop execution until wait line is 

1W 
Verify Verify internal buffer contents 

Wait Stop executing until wait line is 
hiqh 

expend yime delay for specified milli- 
seconds 

cw Set clockwise direction 
ccw Set counterclockwise direction 
COmmJnd Stop program execution, enter 

command mode 

1 

1 
1 
1 
1 
2 
1 
1 
1 

2 

3 

3 

2 
3 

1 

2 
2 

1 
1 

2 
1 

3 

1 
1 
1 

2 

until the load process is restarted by setting the 
progrJm start address. The microprocessor executes the 
progrJm immediately after completion of the load 
process. 

MJnuJl OpJrJtiOn is enabled when the MANUAL/AUTO 
switch is lever-locked in the MANUAL position. A front 

panel knob is provided to fine tune the mirror posi- 
tions. It ~110~s the motors in one-5tep operation mode 
in either clockwise or counterclockwise direction. 

Three digitJ2 displJy meters are used to indicate 
the Jbsolute mirror poJition (height at front, height 
at rear, tilt Jngle). 

To prOtJCt JgJinSt inadvertent mirror miSJliqn- 
ment, the mirror mover oontJins the fo'llowinq: 

1. 

2. 

3. 

WechJnicJl limit Juitches and Jtops to prevent 
over travel of ~11 motions which mJy stress 
vacuum parts. 

Two operJtionJ1 modes: 
8) Auto aode-- It is controlled by operJtor for 
Jdjusting mirror to proper position by means of 
selecting different proqrJms to move the mirror 
to one of several preset positions. 
bl ManuJl mode-- Single-step, front panel knob 

control only. 
Programmable limits for the tilt Jngle prevent 
the beam from striking the beJn pipe. The li- 
mits are preset on DIP witches and c*x.pared 
with mirror's tilt vJlue in real time. If 
exceeded, an inhibit signJ1 will stop ~11 
motions. 

Also, J LWO-pOSitiOn toggle switch on the front 
panel is provided to inhibit my mirror motion reqard- 
less of limit conditions. 
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Table 2 

II Speed Programs 

Program 1 ' Program 2 

II 1 
I ASCII 1 BINARY 11 ASCII 1 BINARY 1 

1 Commands 1 Codes 11 Commands I Codes 1 

I 1) I 49 II 1) I 49 I 
1 I 00 II I 00 1 
I E) I 45 II EJ I 45 I 
1 I 00 II I 00 I. 
I ‘I I 28 II -) I 2D I 
J I 00 II I 00 1 

N 100) N 100) 

I 
J I 00 II I 00 1 
I I 52 II 52 I 
I R 240) 01 II R 240) .I 01 1 

1 I PO II I FO I. 
1 53 53 I II I 
I s 50) I 01 II s 50) I 01 I 
J 1 32 II I 32 1 
I I 46 II 
I F 1) I 01 II 
J I 01 LI 
I =d I 47 II Cl 

J I 00 II I 00 I 

x 500) 1 
58 II 58 I 
02 II x 500) I 02 I 

I I F4 11 I F4 I 
1 I 01 II I 01 1 
I I 4c II I 4c I 

L lo,?) I 02 II L 10,6) I 02 I 
I OA 11 1 OA 1 

J I 07 II I 06 1 
I 0) I 30 II 0) I 30 I 
J I 00 II I 00 1 
J 0 I 51 II 0 I 51 1 
I 0) I 44 II 0) I 44 I 
J I 00 II I 00 1 
I Stopper 1 FF 11 Stopper I FF I 
J I II I 1 

Table 3 
M  Speed Programs 

I 
Program 3 Program 4 

J II 1 
I ASCII 1 BINARY 11 ASCII 1 BINARY 1 
J Commands I Codes II Comlhandr I Codes 1 

I =) I 49 II 1) I 49 I 
J I 00 II I 00 1 
I 8) I 45 11 EJ I 45 I 
J I 00 II I 00 1 
I +I I 28’ II - I I 2D 1 

J I 00 II I 00 1 
I 4g II I 4e I 

N 10) 

1 
02 II N 10 J I 02 I 

I OA 11 1 OA 1 
J I 00 II I 00 1 

R 150 ) 1 
52 II 
01 II 1150) 

J I 96 II I 96 1 
I 53 II 
I s 10 ) 

I 
01 II 9 10) 

J I OA II I OA 1 
I I 46 1 

c 1) I 01 I 
J I 01 1 

I CJ 1, G, I47 I 
J I 00 II I 00 1 

x 500) x 500 J I 

I I $4 1 

J I 01 II I 01 I 
I ” I 4c I 

L 10.6) L 10,7) I 02 1 

I OA 1 
1 I 06 II I 07 1 
I OJ I 30 II 01 I 30 I 
J I 00 II I 00 1 
1 0 I 51 II 0 I 51 1 
I D) I 44 11 0) I 44 I 
J I 00 II I 00 I 
I Stopper 1 FF II Stopper 1 FF 1 

1 I II I 1 



Table 4 
L Speed Programs 

I 
I' 
I Program 5 II Program 6 I 
J II 1 
I ASCII I BINARY 11 ASCII I BINARY 1 
J Commands I Codes II Commanrls I Codes 1 
I 11 I 49 II 1) I 49 I 
J I 00 II I 00 1 
I E) I 45 II E) I 45 I 
1 I 00 II I 00 1 
I +! I 2B II -) I 2D I 
J I 00 II I 00 1 
I 4E II 

I 02 II 
I 4E 

I N ‘J N1) 
I 

02 I 
I I 01 II 01 I 
J I 00 II I 00 I 
I 52 II I 52 I 
I I3 1) I 01 II R 1) I 01 I 
1 I 01 II I 01 1 
I I 53 II I 53 I 
I s ‘J I 01 II s 1) I 01 I 
J I 01 II I 01 1 
I 46 11 46 I 
I F 1) I 01 II F 1) I 01 I 
1 I 01 II I 01 1 
I 0) I 47 11 =I I 47 I 
J I 00 II I 00 1 
I I 58 II I 58 I 
I x 1000) I 02 II x 1oooj I 02 I 
I I E8 II I E8 I 
J I 03 II I 03 1 
I 4c 

I 02 II 
4c 

I L 10,7) L 10,7) I 02 
I 

I I OA II I OA I 
J I 07 II I 07 1 
I 0) I 30 II 0) I 30 I 
1 I 00 II I 00 I 
J 0 I 51 II 0 I 51 1 
I D) I 44 'II D) I 44 I 
1 I 00 II I 00 1 

stopper I 

L- 
FF II stopper I FF I 

I II I 1 

000 

070 

080 

ODO 

120 

140 

180 

Table 5 
Program Map in EPROM (2716) 

Program 0 for insertion or 
translation 

Program 5 for low speed CCN 

Program 3 for medium speed CCW 

Program 1 for hlgh sped CCW 

Program 2 for high speed CW 

Program 4 for medium speed CW 

Program 6 for low speed CW 

7FF 
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