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Basic “Set” Command

Set("some_pv", 3.14)

Optionally
v" Await completion (put-callback)
v" Check readback to match written value (same or other pv)
v .. With numeric tolarance
v’ Timeout

Set("some_pv", 3.14,
completion=True,
readback="some_pv.RBV", tolerance=0.02,
timeout=30)



E Scan Command Palette 2

other commands & This is a comment

vl Log mode: on demand
M Delay 1.0 sec

Loop(“pv!!, 1, 10, 0-1) i :_rﬂocglllfgzit:ler.scn', macro=value

(% Loop 'device' = 0.0 ... 10.0, step 1.0 (wait for ‘device' +-0.1)
E Parallel
% Script '"MyScanscript’

Wait(“pv1”, 100) T R—
Wait(“pv2”, 100, comparison="increase by”)
v’ Get-callback for initial value, then monitors

Log “pv1 ”, “pVZH, “pVZ!!

v’ Get-callback for current value, to RDB

Invoke ‘MyScript’

v" Jython-based custom commands
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Scan Client

This example shows how to connect to the scan server, submit a scan, and monitor its progress using

the basic API, without using site-specific settings or abstractions like the table-based scan.

Example

import time
from scan import *

client = ScanClient('localhost')
print client

print client.serverInfo()

# Assemble commands for a scan
# Much more on that Later...
cmds = [ Comment('Hello'), Set('motor_x', 18) ]

# Optionally, request a simulation that shows

# how 'Include’ and 'Loop' commands get expanded.
simulation = client.simulate(cmds)

print simulation

# Submit scan for execution
id = client.submit(ecmds, 'My First Scan')
print id

# Fetch information about scan
info = client.scanInfo(id)
print info

= Example
= API

Overview

Scan Commands

Show Source

| [Go ]

Enter search terms or a module,
class or function name.




Site-Specific Settings

class BeamlineScanSettings(ScanSettings):
def __init_ (self):
self.defineDeviceClass("chopper:.*™, completion=True)
self.defineDeviceClass("motor.*", completion=True,
readback=True)

def getReadbackName(self, device_name):
if "motor” in device_name:
return device_name + ".RBV*
return device_name

“Set(‘x’, 42)” - Set('x’, 42')
“Set(‘motor_x’, 42)”"-> Set(‘motor_x’, 42, completion=True,
readback=‘motor_x.RBV)



Table Scan

temperature | position

50

Set('temperature', 58),
set( 'position’, 1),
Set( 'position’, 2),

> set( 'position’, 3),

100

(F I e L

temperature | position

Set('temperature', 188),
set( 'position’, 1),
Set( 'position’, 2),
set( 'position’, 3),

[50,100] [1, 2, 3]
position | Wait For Value
2 counter 10000

I

set('position’, 2.8, completion=true, readback='position.RBV', timeOut=188)
Wait('counter', 10688.8, comparison='>=")
Log( 'position’, 'counter')



Table Scan

iz Table Scan 32

Table:  /tmp/10076-mapping_Mg-4-1mm.csv =l | Load |
Comment BL7:CS:IPTS X Y Z Wait For Value Or Time [ — l
point 1 bent £ 10076 -0.45 bm?z 17600000 15300 =

. ubmi
point 2 edge 4.45 bm2 17600000 15300 [ ]
point 3 edge 9.55 bm2 17600000 15300
point 4 edge 36.2 bm?2 17600000 15300 [ Add Device ]

[ Help ]
- NaXs! [ *mapping_exp3.csv - Gnumeric

Fle Edit View Insert Format Tools Statistics Data Help

(88 &8 BB 9y v @ mic ik §fow

[Sans |10 |v @A I ﬂ := é —;. B O 22 @ T . *rﬁ —_— -
El 0 ~ = [HROT |
A B €/ o EN F G | H N Kk [ L |
UL BL7:CS:PTS Comment v peedl Speed2 BLT:Choj Waveler Wait For Value  OrTime |
2 11090 60Hz, Imm X step -5 0 0 a0 &0 1.44 1,5 b2 1000000 3600
3 60Hz, Imm X step -4 0.1 bmz2 1000000 3600
4 60Hz, 1mm X step =3 0.2 bmz2 1000000 3600
- G0Hz, 1mim X step =2 0.3 bz 1000000 3600
[ ] G0HzZ, Imm X step -1 0 bz 1000000 3600
[ S &0Hz, Imm X step 0 0.5 bm2 1000000 3600
8 #0Hz, 1mm X step 1 0.6 b2 1000000 3800
[ - 60Hz, Imm X step 2 0.7 bz 1000000 3600
1o 60Hz, 1mm X step 3 0.8 bm2 1000000 3600
I & G0Hz, lmim X step 4 0.9 bmz2 1000000 3600
o1z 30Hz, 0.4mm ¥ Step O -2 1 k] 30 2.88 2 neutrons 1000000 3600
13 30Kz, 0.4mm Y Step =1.6 1.1 neutrons 1000000 3600
14 F0Hz, 0.4mm ¥ Step -1.2 1.2 neutrons 1000000 3600
r- 3I0Hz, 0.4mm ¥ Step -0, Bl 1.3 neutrons 1000000 3600

(I )

mapping_exp3 cs.'.r || Sum=19




Parallel Command

Set two PVs to a value, each awaiting callback completion:

»»> cmd = Parallel(Set('x', 1, completion=True)
oo Set('y', 2, completion=True)

+px | +py | Wait For Value
1 2 counter 10000
3 4 completion | 20
Result:

Parallel(Set('x', 1.8), Set('v', 2.8))
Wait('counter', 18888.8, comparison="'3»=")
Log('x"', 'y', 'counter')
Parallel(Set('x', 3.8), Set('y', 4.8))
Log('x"', 'y', 'counter')

)




Sequence Command

* Build parallel command chains

»»> Parallel( Sequence(Set('x", 1), Wait({'x_loc", 18) ),
333 Sequence (Set('v', 2), Wait('y loc', 28) ) )

* Define ‘Meta’ commands

def Start():
"nngtart data acquisition"""
return Sequence(
Set('BL17:C5:RunControl:Start", 1),
Wait('BL17:C5:RunControl:SstateEnum', 3),

)

Table scan can use these before/after ‘Wait For’



Scripted Scan

. Navigator &2 = O | [F SequoiaScanExample2 2 = O
== - : .
b Eﬁgatewaycj from beamline scan import *
-~
b &y > opi _ & 3 Python Run
b &y pvtable pcharge_per_sec = le9 E:::Ig As : & 4 Python unit-test
= [ > scan | Compare With > Run Configurations...
- & > demo cmds = CommandSequence() I Replace With >
b @y images cmds. append (SetTitle("Script With Table")) PyDev "
&0 5 U ) cmds. append(SetSlits(left=20, right=20))
i+ DemoBeamLine.opi
(2 OriginalSequoiaExample.txt table = createTableScan([ "demo:x", "Wait For", "Value" 1,
- [
G SeguoiaScanExample2.py print table
B SequoiascanExample3 cmds. append(table.createScan())
a pie3.py id = scan_client.submit(cmds, "Table-based")
[B) channel_access1.py print scan_client.waitUntilDone(id)
[} channel_access2.py
B channel_access3.py ()
¥ demo.plt :
B demol.py E Console £2 mE| & B~y = 8
< & python PyDev Console [1]
< &y meta rows= [ [ "[0, 90, 1BG]", "pcharge ", "5000000000.0" ], kel
. 1
) _init__py === cmds.append(table.createScan())
[@ choppers.py === 1d = scan_client.submit(cmds, "Table-based")
) daq.py e Submit scan to scan server for execution
B 5||t§.py :param cmds: List of commands,
[} beamline_scan.py :Class: " ~scan.commands.commandsequence.CommandSequence”
[} beamline_setup.py or text with raw XML format.
:param name: Name of scan
ks, post_scan.scn
ks, pre_scan.scn :return: ID of submitted scan
ks, start.scn
I, stop.scn Examples::
[ .gitignore || >>> cmds = [ Comment('Hello'), Set('x', 10) ]
N eio—a L4 4
(< > ||« E——>) .7




GUI for Routine Beam Line Task

‘800

File
i
B

©=. Navigator 2

35

GIT_cgld [cgld master]
T _share [share master]

11d

data

= DF

(= Tuesday

< (= Turbine_4_CT

Edit Search Run CSS Window Help
& E & |+ |

E Scan Editor | = OPI Editor| (2 CSS

& 20130108 Turbine CT 0180 000.000_0000.fits
& 20130108 _Turbine_CT 0180_000.650_0001.fits
& 20130108_Turbine_CT_0180_001.300_0002 fits
& 20130108 _Turbine_CT 0180_001.950_0003.fits
& 20130108_Turbine_CT_0180_002.600_0004 fits
& 20130108 _Turbine_CT 0180_003.250_0005 fits
& 20130108_Turbine_CT_0180_003.900_0006 its
& 20130108 _Turbine_CT 0180_004.550_0007 fits
& 20130108_Turbine_CT_0180_005.200_0008 fits
& 20130108 _Turbine_CT 0180_005.850 0009 fits
& 20130108_Turbine_CT_0180_006.500_0010.fits
& 20130108 _Turbine_CT 0180_007.150_0011fits
& 20130108_Turbine_CT_0180_007.800_0012 fits
& 20130108 Turbine CT 0180 008.450 0013 fits
& 20130108_Turbine_CT_0180_009.100_0014 fits
& 20130108 Turbine CT 0180 009.750 0015.fits
& 20130108_Turbine_CT_0180_010.400_0016 fits
& 20130108 Turbine CT 0180 011.050 0017 fits
& 20130108 _Turbine_CT _0180_011.700_0018 fits
& 20130108 Turbine CT 0180 012.350 0019 fits
& 20130108 _Turbine_CT _0180_013.000_0020 fits

& 20130108_Turbine_CT_0180_013.650_0021 fits |

al

I n [ B

2= Outline 2

=g

An outline is not available.

B & ¥ =08 & Dbisplay %

Camera

Camera Control

Exposure Time (S)| 180.000

Binning
ADC Speed 100 MHz ¢
Shutter Mode Auto S

Camera State Idle

3 start

Cooling
Cooler

on ¢ | (6N
Temperature -59.777

Status Stabilized at set pc

-Advanced———

Full Control (Andor)
File 1/O Configure
General Camera

'\ €88

I

2048: -1E4

.ki

¥ Axis

200 400 600 BOO 1000 1200 1400 1600 1800

X Axis

2048

File Path llhome,'cnntrnls,'cgld,‘dataﬁuesday,‘Turhme_d_CT

File Name  [Turbine_CT Next File # 280

Last File Name /home/controls/cgld/data/Tuesday/Murbine_4_CT/20130109 _Turbine_CT_01¢

E

=

Motor Readback Position Left/Move/Right Limits
Lift Table gilmm B3ilmm (@ O @ T
Short Axis 800mm Boomm .| @ G @ T
Long Axis 1325mm  [1325mm J P09 5o
large Fotation T 90.0deg [P0.0deg .| @ & @ =)
Detector Table  225.0mm  [2250mm .| @ © @ swe| Enabled
Small Rotation T 1814deg [I8L4deg | @ O @ =)
Camera Vert 700mm  [70.0mm J 00 v
Robofocus 50 50 In< | 1 Out Cabinet..
Motor Guide
I- Lift Table
smaller - Short Axis
LARGER 4 Short Axis
- Long Axis  Lift Table + Long Axis

CT Scan |Camera Scan|

—Configuration

stat [0 End [L82 step [0.650
Device Large . small Rot. Table
Exposure 180.000 Delay |0 sec [¢ Simulate?

W E-sTOP

Directory u'hume]contruls/cgldidata@

File name |Turbine_CT

~Status
Andor Message Angle  90.0 deg Scan Active @
Camera e
Lastfile 3130109 Turbine_CT 0180 181.350_0279fi
E Console | Scan Monitor & @m0 ®m =08
D Created Name State Runtime  Finish | Command Error
153 2013-01-08 17:54:24; Rotation Scan: Turbine_CT Finished - OK 14:35:06 :08:29:31 - end -
152 2013-01-08 17:38:07.; Rotation Scan: Turbine_CT_test Finished - OK 00:15:35 :17:53:4Z - end -
Scan Server Memory: [0 251 MB/1744.0 MB (1.4 %)




Under the hood

CT Scan | Camera Scan| B et x

—Configuration from beamline_scan import *

Start |ﬂ End |1EE Step |ﬂ'55ﬂ ''' Fetch parameters from display''’

start = getWidgetDouble("start")

Device Large .. | Small Rot. Table

"'"Create scan sequence''’

Exposure |1Bl].l]l]l:] Delay |0 sec I+ Simulate? cmds = [

Loop(device, start, end, step,

............................ [

. . W Go 1)
File name [Turbine_CT ]

‘rrsubmit for execution''!
scan_client. submit({cmds)

Directory [fhome/controls/cgld/data 5] !

a Scan Server

%= Set "CG1D:Cam:Caml:AcquireTime' = 180.0 (wait for 'CG1D:Cam:Cam1:AcquireTime' +-0.1)
%= Set 'CG1D:Cam:Cam1l:FilePath' = "/home/controls/cgld/data” (wait for 'CG1D:Cam:Caml:FilePath' +-0.1)
%= Set 'CG1D:Cam:Caml:FileName' = "Turbine_CT" (wait for 'CG1D:Cam:Caml:FileName' +-0.1)

'CG1D:Mot:RotTable' = 0.0 ... 182.0, step 0.65 with completion {wait for "CG1D:Mot:RotTable.RBV' +-0.065)
% Script 'SetimageNamelarge'
Y(:‘:- Loop 'CG1D:Scan:Index' = 1.0 ... 1.0, step 1.0 (wait for 'CG1D:Scan:Index' +-0.1)
*= Set "CG1D:Cam:Cam1:Acquire' = 1.0
{ Delay 180.0 sec
(1) Wait for 'CG1D:Cam:Cam1:DetectorState_RBV' = 0.0 (+-0.1)
& Log 'CG1D:Mot:RotTable', 'CG1D:Cam:Cam1:FileNumber_RBV'
% Script 'Processlmage’




Crystal Planner

i& Crystal Plan &2

Single Crystal Planner

Energy: 50.000 mey  Sample Rotation Angle min: |1.I]I}E} deg ‘ Calculate ‘
Energy transfer: |5 ppo mev Sample Rotation Angle max:|133|guu deg
| ‘ Create Scan ‘ Tab.Scan
Sample Rotation Step:
) P P 1.000 deg {updates tmp/crystal plan_scan.csv)

Lattice Parameters [A]:

4 =
E.Bﬁ ]
E.gﬁ ]
r 3 -
15.5 .
Lattice Angles [deg]: 2 —
90.0
90.0 1 1
90.0 E 1
Wectors u, v g0
1.0 0.0 ; ]
0.0 1.0 ol 7
0.0 0.0 y

_2 -

3] 2

-4 J

| g
-4.76 "|""|""|""'|""|""|""'|""|""1|""T""|if'."|""|""'|""|'|
-4.76 4 -35 -3 -25 -2 -15 -1 -05 0 0.5 1 1.5 2 2.65
Q|| u [1/A]

—Min. sample angle — — — S

——Max sample angle * Grid




Alignment Scan

i Alignment Scan &3

Device |

<y

| [BL7:Mot:Parker] Start: End: Step:
Step condition: | bm2 n increment by: Active Scan:

Log: l'east_neul:mns ¢ | [east_neutrons ] | Submit |

17559.65

1600

1400

1200

1000

Value

800

600

400

200

R A A A M A N N e R Al A R i AR A AR

-0.5-0.45-0.4-0.35-0.3-0.25-0.2-0.15-0.1-0.05 -0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Position

——Data — Left ===Center —Right

Fit Method: |'Gau55+c0nst - Position: -0.096 Width: 0.164

g




Summary

v'Scan System helps automate SNS since 2013
v'New Parallel & Sequence commands

v'Python API

v" Pure Python instead of Jython
v’ Site-specific settings
-> Thanks to Qui Yongxiang, Guobao Shen, Dylan Maxwell

Biggest Issue:
JCan’t use numpy (Fortran) inside Script command (Jython)
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What it is and isn’t

Is

v'Automation via Channel Access
v'Scan = Batch of commands
v'Queue multiple scans

v'Basic value logging

v'Submit, monitor, pause, resume, abort

Isn’t
1Synchronization of actions beyond Channel Access

1Data Acquisition (log every event, catalog, keep forever)

* .. depends on your definition of “is”



Like Sequencer?

Yes: Read/write Channel Access

v"No compilation

v'"Monitor & control progress of scan
v'Basic data log

v'Schedule multiple scans

No arbitrary C code
INo ‘if-then-else’ command



Like Scan Record?

Loop y=1..10:
Loop x=1..5:
Set “det_trigger”’=1 with completion,

A T Dimexcional Sean mplemeniaion

“-Positioners”

Log “x.RBV”, “y.RBV”, “det_counts”

Monitor, pause, resume, abort.
Save, edit, resubmit scans
vsS. savelrestore scan records.

SCAN Y
"Posiioners” MgodeDR =] m&é -
"B g S
"Prosezafgain”
“Detecior Triggers” "¥-Positiopers”
MOTO
_ Y _SCAN_J( AOTOR
" Prooess LTe BegniSaan” =
P WAIT
Feoord [
WMOTOR |
Feord
"Procesafgain” [
WAIT 4 -
Record g “CeanDeons”
“Detecior Triggers' “Detectors”
" ‘-‘—1": Detesior #1 o
“Detector Data ><‘ ot
‘-"\: slegior 32 -

v'Add 3 loop without rebooting IOC to add 3" scan record

v'Queue multiple scans

JLogs to RDB w/ REST readout. No MDA/XDR/Nexus.




Direction of (Nested) Loops

* Loop('x’,0,5,1) =2 0,1,2,3,4,5

* Loop('y’, 5,0,-1) = 5,4,3,2,1,0

* Loop(‘'y’, 0, 5, -1) =>Alternate direction on ‘mismatch’

Normal Scan  Alternating Scan

5 —
4 4
3 3
ypos ,
1 1
0 o ,
012345 01234c

Xpos XPOS



REST Interface

] Scan Server REST Interface - Mozilla Firefox O x

Scan Server REST Interfa... ® | 4k

€& @ localhost v B Google @ v B ¥ #

Submit Scan

MName: [Example ]

<?xml wversion="1.8" encoding="UTF-8"7=>

<commands=
<comment><text>Example scan submitted via REST interface</text=</comment=
<set=<device=xpos</device><value=l</value=</set>
<log=<devices=<device=xpos</device></devices=></log>
<set=<device=xpos</device><value=2</value=</set>
<log=<devices=<device=xpos</device></devices=></log>

</commands=

|«

Scan:

Submit

Backtomain §cans

ID Name Created State Percentage Runtime Finish Command
9 (cmds) 2015-05-07 Running 1.4 2015-05-07 Delay 60.0
89 (cmds -05- . -05- elay 60.
P Le]
data Bl 13:02:15 === sk seconds 13:02:16 sec
Abort
88 (cmds) 2015-05-07 Finished o 0.3 2015-05-07
data)  CXamele 13:01:13 —— 100.0%  oconds 13:01:14 ~end-



Scan Editor

ItE e % EF »@0 B9 &0
[ ¢ PyDev @Dm Browser [ :CSS
5. Navigator E@I =d H

- | %

Add commands

FEe scan Command Palette 3 =g

| <ﬁ===> = ® = Set 'setpoint’ = 1.0 (wait for 'setpoint’ +-0.1) &/ This is a comment
v [ Css . (1) Wait for ‘readback’ = 1.0 (+-0.1) E Delay 1.0 sec
¥ [ip CreatedByEclipse | E Delay 5.0 sec & Log 'device'
hello.txt ¥ (7 Loop 'xpos’ = L0 ... 5.0, step 1.0 (wait for "xpos’ +-0.1) () Loop 'device' = 0.0 ... 10.0, step 1.0 (wait for 'd
¥ (g examples & Log 'readback’ * = Set ‘device' = 0.0 (wait for ‘device' +-0.1)
b (= TableFiles "G Loop 'xpos’ = 1.0 ... 5.0, step 1.0 (wait for "xpos’ +-0.1) (11 Wait for ‘device' = 0.0 (+-0.1)
b = images YG Loop 'ypos' = 2.0 ... 4.0, step 0.5 (wait for "ypos' +-0.1)
» (= matlab ﬁ Wait for "pcharge’ to increase by 1.0E12
|i=] BeamLine 1.opi <J Undo 37
|i=] BeamLine2.opi R
edo {+82Z
[F] TabelScan_Nested_Run.py & 3 IR
%I&::e;an,{;ﬂ Pt R Dg' Cut F*EX E properties &2 l Q, the| =g
ableScan_PtByPt_Run.py
@ TableScan_UpdateCurrentScanini COpv #C nia I::” =
heamline.xml [& Paste ®V Property Value
ﬁ ?er§ e i Delete = VWait
gﬁ Js ﬁy 1. Device Name harge
E demo.sen 5 Sim mpz;nsoln
. . Desired Value
han.sh H
gm . < i» Submit Scan pJ ~v -
past_sean.Scn 5. Time out (secon.. 0.0
Ee pre_scan.sen 4 Add Command
[F] run_scan.py 70 .
- en Property Editor
) scan_cliencpy pen Troperty Set parameters
) scan_ui.py k= Open Command Palette
simulation.db [T . .
simulmon olt * © Open/Reset Scan Editor Perspective
ol v
e - X Process Variable > L= -
| o®

Mot logged in
J £




Scan Monitor

1 Scan Monitor 53

ID
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41

AN

Scan Server Memory Usage:

Created

2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-13
2012-03-09
2012-03-09

IO 0T NG

@ oe 00 3% — 0

15:03:20.261
15:03:20.066
15:03:15.789
15:02:53.514
14:55:17.862
14:54:56.750
14:54:23.112
14:53:04.495
14:43:28.061
13:52:11.605
13:51:26.213
13:49:33.574
13:48:29.562
13:48:04.956
13:47:40.268
13:19:54.493
17:01:17.678
16:59:20.079

1R AT-CTF EFF

Name

Point by Point S5can &
Point by Point Scan 4
Point by Point 5can 3
Point by Point Scan 2
Mested Scan 1
Mested Scan 0

Paint by Point Scan 1
Point by Point S5can 0
Mot Saved

Matlab Scan

Matlab Scan

Matlab Scan

Matlab Scan

Matlab Scan

Matlab Scan

Matlab Scan

Matlab Scan

Matlab Scan
Bdatlals Crmm

13.5 ME [ 1020.8 ME (1.3 %)

State

Idle

Idle

Running
Finished - OK
Finished - OK
Finished - OK
Finished - QK
Finished - OK
Aborted
Finished - OK
Finished - OK
Finished - OK
Finished - OK
Finished - OK
Finished - OK
Finished - OK
Finished - OK
Finished - OK

Eimichad . O

Runtime
0 ms

0 ms

00:00:13
00:00:41
00:00:07
00:00:07
00:00:41
00:00:36
00:09:58
00:00:04
00:00:04
00:00:52
00:00:04
00:00:19
00:00:13
00:00:01
00:00:01
00:00:08

O -0 8

Command

Error

Set "setpoint’ = 15.0 ...

-end -
-end -

- end -
-end -
- end -
-end -
- end -
-end -
- end -
-end -
- end -

— el

¥ Remove

% Remove Completed Scans

(= Plot
(@ Show Devices

“: Open in Scan Editor




Scan Plot

& scan Plot 53 Scan v X Axis * Y Axis + — O
XY Scan [9] . readback
L L +» YpOos

7 & : &
» L 'S
5] &» » -
* *
5 +* » L
v L » »
§4 + * ¢
»* & »
3 & » »
L 4 L
2 L » -
L 4 L
1 +* » L
» L &

0 preerpreerpreeprrerrrer AR LN LALA LARA LR RN AR LA LR LR RN AR AR LAY LR R L L LN LA A LA LR LALRS LA LR L T h

0 02040608 1 1.2 14 16 1.8 2 2.2 24 26 28 3 32 34 36 3.8 4 42 44 46 48 5 52 545555 E 52 545555?01

Xpos

* Plot variables logged by scan
* Get data from Running or Finished scans



