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Design and construction of proportional-integral-derivative (PID)
control circuit for using in adaptive optics system
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Optics and Laser Research center Malek Ashtar University of Technology, Shahinshahr Iran
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In this paper, In order to correct the laser wavefront propagated through the free space communication channel,
the circuit of a control system with a maximum frequency of ' ¢+ Hz is designed and fabricated to correct the tip-
tilt aberrations of the laser wavefront in turbulence with a tip-tilt mirror. Measured wavefront error by a quadrant
sensor enters the analog-to-digital converter circuit and the PID algorithm after converting it to analog sends the
calculated commands to the mirror driver. The performance of the control system in laboratory and free space
environment is successfully evaluated.
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http://opsi.ir/article-1-2554-en.html

[ Downloaded from opsi.ir on 2025-10-16 ]

Ol Sgisd (6)5l8 5 (cwiige (A e oz 5 Gl S 5 Sl (el ST (reitds 5 S
VEe o et VE VY lpl clin e lgal o)l ez sl olKisls

S (Slw

5 Al FGSs (S ad e &5 sbilea
ouS S Cae o boasS S i,
PID ,Llazzles L Proportional Integral Derivative
GrS Yo aw G,k sl Ay ddls O jgea a5l
el g oy b S Fie g 55 JLSSH (ol
e S Ay S (29,5 9,555k amlie 5l oS s
Ole dae sl p Jlopylgieds o ls ailobes glaz 4y Cuns
75 ISl e SoVL relS Cye (ol de dgro
Sy 25 Frie do bt Olis 4 @ STy S
5 e ol pyeme Velolas Gk ogde Jos

[¥]ams oo JSCis |, ousS J7uS o

Coue = Koe(0) + K, (1) dt + K, -dZ(f) )

JUSKew Cout 9 o5 Fie i po Ko g 55 L0 o o

oS J S (295 o sl Caonn PID oS J 508 )
=95 S IRl de (69,5 slas jlade b cawlie |,
W g 699,5 slbs JIXOI b canlite 1) oosS S
Saal b sl 1) oaiiS J5S (29,5 S (Ghie
3Oy 4 dS WS e dwle (60559 sl Ol

[V].cosl oo oals olas Y-F Laly,

Coup = K,e() M)

Cous = K; [e(t) dt )

de(t)

f
at A9

Cout.d =Ry

FPRV-P)

Jbo)l )3 &5 slogdlly Sl Jds 4 (5,98 Sl s o544
J8 a9l 0 50 sl o4lo Sledbl udac > 8l o
3955 51 Sosee 95 JT ol g ool oS5 S o sl ass
255 elS (552 (sla Kaasl 0555 0 3b (55 yeame S
90 39 g0 calie sla Sadsl Jas o bl cosl 1Sy 4
5B Co 1) g aez nl sloyplS jsbas 5558y
Ty Mz S92 e slagwll g was e I3
sl 5 cdl e VO USE)ans o ol
30 G S ol als cel 9o Sl oo (Bolas
Dgl (0 ‘_gota.: Oygas Olaidn slo g LgL’;...q‘)
Slp 0035 o Jlo)l JLSKw 3l ide b aen auis
el cilysl glo_slrals ¢l sl b ol Lol
oY Ll oS oo Soo3p 095 cow IS 4y 9 2l 51
e g pd IS8 s slaan] ogzg 5B ol
a0 Sl eba Wilgn a5 ol gloaS S Ssg xSl
31 PID ouss J S o ass by Olyoss oyl
oolil j3late oyl (gl 45 el 5 il 18 sl o
5 bie oSl o) Bar bodlie cnl )0 090 oo
U5 gl 00 J 1S bl 55 aiags calizes (sl e

[Ylos asle 5 (ol iy JS8 i sloasy]

Distorted wavefront
Deformable mirror

N

Wavefront
corrector
Beam splitter

Corrected
wavefront

Controller To interferometer

Wavefront sensor

D] ks 5y albele S o,loz b 1) S


http://opsi.ir/article-1-2554-en.html

[ Downloaded from opsi.ir on 2025-10-16 ]

uadrant Filter
sensor volume potentiometer

Ny

Ol Sgisd (6)5l8 5 (cwiige (A e oz 5 Gl S 5 Sl (el ST (reitds 5 S
VEe o et VE VY lpl clin e lgal o)l ez sl olKisls

Kp «Ki sKd

Microcontroller

h 4

Regulator Analog-to-Digital

voltage Converter atmega328p-pu

y
Deformable mirror Digital-to-Analog
driver Converter 10bit
Y
mirror Regulator
voltage

g Sl lizl plo g J5S aly o bLS,Y S8

S oSl 4y 4y b oS S8 e ol (b o
S0 alal, b 1 asl e 35,8 Ye g2 deley Ol s
G oS ool pgo 450 RC A ol a¥L S
Ry oS 5,000 5l by (W55 L sl JUSw 0959
P S

2 JRRCC,
cbcwglis R g Ry ahd LS fur o] o a8
A e (Sig sl slagsls Crg Cr g (Siig sl

oL,

®

=

S A
03b )9 il oals >k oy sl eslasunl b allas oyl jo
Sl 5 ST Luld s esks T B e il
s 8 oaiiap o ) o)) goe e i
Colpo 59,8 Cawd w b ) 09 00l il sl oleszS
S gse aer Sl b calpe il aalie 5 S

ol e delesnas g e lulid 4 arg L
spgls g Kag Ki Ky ol 5osi b g oaisS J s
nyge wolle JUiSKw 4 lgioe oad (b (s

il s el D (sl ks o 4]

PID Controller

| Proportional

Set
Point

Qutput

3y P Integration Process

= Differentiation

Feedback

PID 6uisS J 255 oSy o lo b Y S

Hle

ool Cpz 0aiiS J 1S cnl (A yo &5 calle (]
6 rilite w05 4210 T b (ks Sty] wiloles o
o9y Sy esgazme b il Sus (2>
S ST 25y a5 Jslie slooaile sy
Sy iloamlite Guizeen 5 Jlizms 4 &ololss
anl sllel; (g, 55 eogama b onijlo s, (29>
Sl ey 0asilo sy Sz (295 Jodd g Sl o
sy 4SS 6lk g s o an] jlaslely 4 Jleel 1
pac llr Geegs (VUSD) 09 Geme 050
b 3 ST gl Jae sol3] 5 (s piyillas]
SbT ol lae oS g Lawls ol ol aS og b i ae
ITC (bls)l JSSan 5l sxSore 5 Jlems s
398 JSie g Jate bl a1 o0l (2l oniiS 50

e Sk )


http://opsi.ir/article-1-2554-en.html

[ Downloaded from opsi.ir on 2025-10-16 ]

Ol Sgisd (6)5l8 5 (cwiige (A e oz 5 Gl S 5 Sl (el ST (reitds 5 S
VE- o o VF Y ol iy o8l oo g ol

Jheel el s anl |y o3V (J8 JuSews 5 Lol

2 syl

Gloces pbxil Gl ey ailebs 5, Sles gy jslaieay
Ty Aex Gy VP Aol o iy el
lopbdl a5 1, o il Yo ylab 4y 5 5l o ool @
e 5o o) oS > el e e (035 50 297
Ki e Kp JyaS ol o bl ogoads o) jlad 4y 0ni (S
Pl VY g8 FOL plp sy 4 (F SO Ka
Ol 5o & oS Sol yie Hle YO jhB 4y sogasme Sy
s YINO s s Y o X sliwly o ol JLKew Il

Al Al g oausS J S lawgy cdgVIOY

PID 68 J S 5 5l aobes :F S

Lo

[V] D.F.Buscher, Practical optical interferometry. No.
VY. Cambridge University Press, Y+)©°.

[Y] G. w. Allan, “Simulation and testing of wavefront
reconstruction algorithms for the deformable mirror
(DeMi) cubesat”, PhD diss., Massachusetts Institute
of Technology, Y+ A

[¥] I. Azhar, W. Zhizheng and F. B. Amara, “A
decentralized robust PID controller design for the
shape control of a magnetic fluid deformable
mirror”, International Journal of Optomechatronics
Yoy,


http://opsi.ir/article-1-2554-en.html
http://www.tcpdf.org

