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LIGO Motorized Polarization Controller 5 Z Z

Located in the corner
station, with dual

channel controls (for
altering X and Y arm)

Changes the state-of-
polarization using
stress induced
birefringence

LIGO T1700331

FiberControl. MPC-1 User and Programming Manual, Version 2-2. LIGO Document G
T1200496- v1. 2003.
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Bend Twist
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Polarization Adjustment

Complications make it difficult to calculate exact orientation needed

Temperature fluctuations, imperfections in fibers, unintended
mechanical stress, imperfections of ‘effective waveplates’

Instead, corrected using random walk to minimize percent rejected

This has potential for automation, but first remote controls must
be developed
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Goal of Project
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FiberControl MPC1-02 POLARIZATION CONTROLLER
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David Barker. Model of User Interface. LIGO Wiki, Motorized Polarizer Controller EPICS Remote Control. 2017.
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MEDM (user input)
EPICS Database

10C

TwinCAT PLC
Motorized Polarization Controller
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MEDM (user input)
EPICS Database

TwinCAT PLC

Motorized Polarization Controller
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!File Edit Project Insert Extras Online Window Help

[ ]=]x]

B8] BG[E[S{F (2] b || ]mw]

= 0001 | B-SEND_FB
b 0002 | ®-RECEIVE_FE
~[E) BACKGROUND (PRG) D003 | COMMAND = "X12?SRSN'

D0D4| RESPONSE = SN +15.00 SRSN

0005 STATE = 16#0001

0006
0ooz7
0oos
0oos
0010
0011
001z
0013
0014

0001 |CASE STATE OF

0:

0003 SEND_FE (

0004 SendString := COMMAND,
0005 TXbuffer := TX_ BUFFER
Vi

IF SEND_FB.Busy = FALSE THEN
STATE := 1;
END_IF

IF RX_BUFFER.Count > 0 THEN

RECEIVE_FB (
ReceivedString := RESPONSE,
Prefix := "X1?2',%)
guffix := "SODSOAT,
Timeout := T#1S,*)
RXbuffer := RX_BUFFER

)
END_IF
nn22 lenn cace

STATE = 16#0001

COMMAND = "X1?$RSNT

SEND_FB.Busy =
STATE = 16#0001

RESPONSE = 'SN +15.00 SRSN' |
|
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L{ Interpret J
L{Communicate}

L{ Check }
M Update }
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O State Machine
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Start X1 Position =5.00
Send_X1_Position = TRUE

L{ Interpret J
L{Communicate}

L{ Check }
M Update }
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o State Machine

—/

Start X1 Position =5.00
Send_X1_Position = TRUE

u Interpret J”X1=5-00SRSN"
L {Communicate}

L[ Check }
L{ Update }
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/)]]]]
ji//-/ G State Machine

Start X1 Position =5.00
Send_X1_Position = TRUE

L{ Interpret J”X1=5-00SRSN"
L Communicate Send: “X1=5.00SRSN”
Response: “X1=5.00SRSN”
L{ Check }
M Update }
17
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LGo State Machine

Start X1 Position =5.00
Send_X1_Position = TRUE

I_,‘ Interpret J"x1=s-OOSRSN"
Communicate Send: “X1=5.00SRSN”
L Response: “X1=5.00SRSN”
Send: “X1?SRSN”
L{ Check } Response: “X1=+4.95"
M Update }
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State Machine

Start X1 Position =5.00
Send_X1_Position = TRUE

L{ Interpret J”X1=5-00SRSN"
L Communicate | "% "*1=5.005R>N"
Response: “X1=5.00SRSN”
Send: “X1?SRSN”
L{ Check } Response: “X1=+495"
Update X1_Update_ Position = 4.95
LIGO T1700331 ‘9
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LIGO Does 1t work? S z Z

BE Global_Variables

0001 | ®-TX BUFFER
0002 | @ RX_ BUFFER

0003 FIBER POLARIZER XARM 1 = '5.00"
0004 FIBEER POLARIZER XARM 2 = '10.00"
0005 FIBER POLARIZER XARM 3 = "15.00"
0006 FIEER POLARIZER YARM 1 = '20.00"

0007 FIBER POLARIZER YARM 2 = '25.00"

0008 FIBER POLARIZER YARM 3 = '30.00°"

0009 FIBER POLARIZER UPDATE XARM 1 = 4,95
0010 FIBER POLARIZER UPDATE XARM 2 = 9.9
0011 FIBER POLARIZER UPDATE XARM 3 15
0012 FIBER_POLARIZER UPDATE YARM 1 = 19.95
0013 FIBER POLARIZER UPDATE YARM 2 = 24.9
0014 FIBER POLARIZER_UPDATE_YARM_S = 30
0015 | B-SystemInfo (SMB32768)

0017 20
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Does 1t work?
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Does 1t work?

LIGO T1700331



WELLESLEY

/))]]])
;i%':/!.élGO Added Functionality

To mirror functionality of the Additional features are also
physical MPC, we need: needed specifically for remote
_ controls:
Scrolling
Rescan
Center

: . Busy monitor
Step size adjustment for

coarse and fine adjustment Remote power controls

Speed adjustment Robust error handling

LIGO T1700331 23
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LIGO Error Handling

BA Global Variables
0001 | @ TX_BUFFER

Start 0002 | @ RX_BUFFER
0003 SEND_FE

0004 | ®-RECEIVE_FB
0oos STATE = 0
0006 COMMUNICATION_STATE = RECEIVE
ooo7 UPDATE_STATE = 10
0008 PADDLE = X3
I nte rp ret 0009 | @SEND_RECEIVE_CASE
0010 COMMAND = "7
0011 RESPONSE = "'
001z UPDATE_COMMAND = "Z1?SR"

0013 UPDATE_RESPONSE = "7

Send / 0014 ERROR =
] 0015 ERROR_ID = RECEIVE_ERROR
Communlcate Receive 0016 ¥_FIBER_POLARIZATION 1 POSITION_ DEGREES_ERROR
0017 X _FIBER_POLARIZATION 2 POSITION DEGREES ERROR
0018 ¥ _FIBER_POLARIZATION 3 POSITION DEGREES_ERROR

Error FIBER_PBOLARIZATION_S_POSITION DEGREES_ERROR

0054 | Y FIBER POLARIZATION 2 MOVE NEG_STEP
0055 | Y _FIBER_POLARIZATION 3_MOVE _NEG STEP

Ch k 0056 | C FIBER POLARIZATION BUSY =
eC 0057 | B-systenInfo (%MB32768)

Update

24
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4 O Chain of Communication 52{

MEDM (user input)
EPICS Database

10C

TwinCAT PLC
Motorized Polarization Controller
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EPICS Database

TwinCAT PLC
Motorized Polarization Controller
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EPICS / 10C

WELLESLEY

CAWindows\system32\cmd.exe o || =

tCat_registerRecordDeviceDriver{(pdbhase)

callbackSetQueueSize(100686)

tcSetScanRated(18, 5>

Scan rate is 10 ms and epics update rate is 5x slower.

HitcGenerateList ("C:\SlowControls\TwinCAT3\Vacuum\LHO\Target\HAUACEX\hBvacex.

l', "_I‘U __1!')

HitcGenerateList ("C:\SlowControls\TwinCAT3\Vacuum\LHO\Target \HBUACEX\hBvacex.

l', "*l‘U *lbli)

HitcGeneratelist

l', l'__l~U __1 *nsl')

tcLoadRecords ("C:\Users\controls

Loaded 406 records from C:N\Users
ing took 9.026000 sec

16.1.1.1: 8&11/

("C:\SlowControls\TwinCAT3\Vacuum\LHO\Targe t \HAUACEX\hBvacex.

rv'")
.tpy.

\Des
ontrols\Des

ktop\WorkingPo lCorr\Fib_Pol.tpy"', "
ktop\WorkingPo lCorr\Fibh_Pol

Tpy pars
Online PLC tc://10.80.
Loading record databhase C:\Users:controls\Desktop\WorkingPolCor»r\Fib_Pol.dbh.
Loaded record database C:\Users\controls\Desktop\WorkingPolCor»\Fibh_Pol.dbh.
ioclnit ()

Starting ioclnit

LR8I 8RR iR 8 8RR R d g R iRiR iR a iR iR R R iR ia g R g R R R R a R R R R RIRIRiRIRR R R RIRIRIRS R IRIRIRIRIRIRIRIRIRIRIRIRIS R IRIRIRS

H##t EPICS R3.14.12.3 S$Date: Mon 20812-12-17 14:11:47 -06005

H##ft EPICS Base bhuilt Aug 7 2613
RN RN AR RE AR RR R R R AR RRERERRREHTH
iocRun: All initialization complete

Initialization completed in B.765888 seconds.

epics>

LIGO T1700331

record(bo, "H1: ALS-X_FIBER_POLARIZATION_CENTER") {
field (SCAN, "Passive")
field (DTYE, "tecat”)
field (OUT, "@tec://10.80.10.1.1.1:801/16448/2202:1")
field (TSE, "-2")
field (PINI, "0")
}
record(bo, "H1: ALS-Y_FIBER_POLARIZATION_CENTER") {
field (SCAN, "Passive")

field (DTYP, "tcat™)
field (OUT, "@tc://10.80.10.1.1.1:801/16448/2203:1")
field (TSE, "-2")

field (PINI, "0")
}

recard(bo

"H1:ALS-X_FIBER_POLARIZATION 1_GOTO_REQUEST ANGLE"
SCAN,
DTYE,

( "Passive")
(

field (ouT,
(
(

"teat™)
"@te://10.80.10.1.1.1:801/16448/2312:1")
'

PINI "oy

}

record(bo,
fleld

"H1:AL®-X_FIBER_POLARIZATION_Z_ GOTO_ REQUEST_ANGLE"
(SCAN, "Passive")
(DTYP, "teat”)
fluld (our, @tc: //10.80.10.1.1.1:801/16448/2313:1")
(TSE, "-2")
(PINI, "0")
b
record(bo, "H1: AL3-X_FIBER_POLARIZATION_3_GOTO_REQUEST_ANGLE"
field (SCAN, "Passive")
field (DTYP, "tcat")
field (OUT, "@tec://10.80.10.1.1.1:801/16448/2314:1")
field (TSE, "-2")
field (PINI, "0")

b

record(bo, "H1: AL3-Y_ FIBER_POLARIZATION_1_ GOTO_REQUEST_ANGLE"
field (SCAN, "Passive")
field (DTYE, "teat")
field (OUT, "@tc://10.80.10.1.1.1:801/16448/2315:1")

27



WELLESLEY

LIGO MEDM S z Z

X1CDS_MPC_SINGLE.adl
Object Palette

Help I

B | |- mies wan

sepsize o o BaAY &-18HH
Move Hn n

Go To Angle [

Execute Move

UPDATE

Error ID -
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LIGO MEDM

A = MPC1-02 POLARIZATION CONTROLLER FiberControl. MPC-1 User and Programming Manual,
@/ FiberControl e s Version 2-2. LIGO Document T1200496-v1. 2003.
15.°/s 15°s  6.0°%s -
+75.00° +44 40° +59.55°
OPTICAL
Resownon
o~ @ ©
POWER
X1CDS_MPC_SINGLE.adl
O~ PROGRAM STATE
I " ] ¥ Arm
o H = - B ' .
G?’?B ﬁ%%:ﬁ:q" ENTER .y SELECT CENTER ';AVE il
Step Size -
Hove N EN
Go To Angle ﬁ.zo
Execute Move _
Error ID
LIGO T1700331 R Busy @
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LIGO Complete MEDM

X1CDS_MPC_DOUBLE.adl
MPC1-02 POLARIZATION COMTROLLER

X Arm ¥ Arm

Step Size l[?,oo ﬁ,so E,m Step Size li.so 5,00 £.,00
e e I B R e e e N B R e
Go To Angle  [55 g5 [7.20 4,25 Go To Angle  [57 00 0,00 68,00
Execute Move G0 I G0 I G0 I Execute Move G0 I G0 I G0 I
UPDATE | CENTER | UPDATE I CENTER I
Error ID: NONE Busy @
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GO Future Applications and Work

| B B B |
Jy J 1 1
y J 1

Immediate future work:

Adding power button to MEDM screen and power control to box
Near future applications:
Automation of search for paddle position that minimizes light rejection
Possible investigations:
Discrepancy between speed of paddles and busy monitor

Exact effective retardance of each paddle for given wavelength
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Basic communication and controls established

User interface developed for simple and intuitive operation of
remote controls

Allows for DAQ storage of numeric channels

Opens up the potential not only for digital controls, but also
automation of polarization correction

32
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Update Command
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LIGO Motorized Polarization Controller

Input

B>

B>

A4

NP

A2

A4
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