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Abstract

At the SLAC National Accelerator Laboratory (SLAC)
the Controls Department (CD) has developed a new
Multi-Device Knob Utility (MKB) based on the
Experimental Physics and Industrial Control System
(EPICS)[1] toolkit for controlling one or more Process
Variables (PVs) in unison, or simultaneously, from a
physical knob located in the control room, or from
various software tools such as the EPICS Extensible
Display Manager (EDM)[2] or a Swing slider in Java. A
group of devices are hooked up to a knob, and then the
value written to the devices is a simple function of the
value of the knob. This is used, most commonly, to create
a bump in the electron beam for the Linac Coherent Light
Source (LCLS)[3]. Control system variables typically
controlled are magnetic fields, phases, and timing offsets.
This paper describes the technologies used to implement
this utility.

EPICS MULTI-DEVICE KNOB
INPUT/OUTPUT CONTROLLER (I10C)

The Multi-Device Knob was implemented as an EPICS
Soft IOC. That is, it runs on a host computer, as opposed
to an embedded computer, and relies on Channel Access
(CA)[4] connections to several other EPICS IOCs to
control devices. For LCLS, the host computers are Dell
Servers running Red Hat Enterprise Linux 4 (RHEL4).
MKB configuration is implemented using files and an
EPICS Sequence is used to control the behaviour of the
Multi-Device Knob.

EPICS Database

The heart of the MKB EPICS database is an Analogue
Out (AO) PV (see Figure 1). Initially 50 MKB units were
created. It is unknown at this time whether that number is
sufficient or deficient for long term use. Supporting PVs
include sensitivity for the physical hardware knob, a label
for the hardware knob, the date the MKB was assigned,
the date the MKB was last used, the configuration file
name, and an MKB status string. This database is quite
small, and no inter-database connections were necessary.
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Figure 1: EPICS Visual Database Creation Tool
(VDCT)[5] representation of the MKB PV.

Configuration Files

It was desired by SLAC physicists to use disk files to
store the definition of an MKB. This approach was
chosen to be compatible with the legacy control system’s
Multi-Device Knob Facility and for ease when creating
new configurations using tools they’re familiar with,
especially Matlab. Extensible Mark-up Language (XML)
was chosen (see Figure 2) due to the wide availability of
computing language support available for download for

free.

bl /ul/lcls/physics/mkb/UNDL_5Y_2690 .mki
<7xml wversion="1.0" encoding="UTF
=

=

Millimeter Burmp Generated for BPMS:URNDL: 2680
02-Jun-2009 14:14:27

==
<mkh >

< set [abel="UND15Y_2690" sens="1.0" desc="LUND'1 5¥_2&30" egqu="mm"} >
<def deyv="YCOR:UND1:24 80:BCTRL" coeff="0.05762524"} >

<def dey="YCOR:UND1:25 80:BCTRL" coeff="0.0089122%"} >

< def clev="YCOR:UND1:2680:BCTRL" coeff="-0.12825419" >

<def dev="YCOR:UND1:2780:BCTRL" coeff="0.008944 16"} >

<def dev="YCOR:UND1:2880:BCTRL" coeff="0.05760413"} >

< fmkh

Figure 2: Typical MKB configuration file.

The XML tags for the MKB are described in Table 1.
One requirement was to have virtually no limit to the
number of constituent devices that define the MKB PV.
SLAC physicists have defined MKB’s that are composed
of many dozens of PVs, for example, all Linac
Quadrupoles. This particular MKB is used, for example,
to help change the operating energy of the LCLS.
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Table 1: MKB XML Tags

XML  Definition

Tag

coeff The amount the constituent device changes
relative to the value of the MKB.

desc The description of the MKB PV (i.e. it’s
.DESC field)

dev Defines a constituent device for the MKB.

egu The engineering units of the MKB itself.

label The short label that goes on the hardware
knob console. Note that SLAC hardware
knobs display up to eight characters,

mkb The MKB definition itself.

sens The amount the MKB PV changes per turn
of the physical hardware knob.

EPICS Sequence

The behaviour of the MKB is defined in an EPICS
State Notation Language (SNL)[6] program running in
the MKB Soft IOC. The SNL waits for an MKB
configuration file to be assigned to an MKB PV. Then it
attempts to connect to each of the constituent PVs. If
successful, it will calculate the MKB PV operating range
based on the current values of the constituent PVs, their
operating range, and their coefficient as defined in the
MKB configuration file (see Eqs. 1 & 2). The symbols
used in Egs. 1&2 are defined in Table 2. Note that it’s
possible to create an MKB that doesn’t have the ability to
control its constituent PVs. No checking is done on MKB
assignment for write access to constituent PVs, so the
MKB configuration file writer needs to be careful to
select appropriate PVs for their MKB. Also note that it’s
possible that an assigned MKB have no operating range
due to the current running condition of the accelerator.
The initial value of the MKB PV is 0.0.
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Table 2: MKB Operating Range

Eqs. 1&2’s Definition

Symbol

C Coefficient defined in the MKB
Configuration File

L Lower Operating Limit

n Each Constituent Device PV

m MKB PV

U Upper Operating Limit

\% Current PV Value

Assuming the MKB PV has a valid operating range; the
SNL program monitors or listens for changes to the MKB
PV value. Whenever the MKB PV value changes, the
SNL program will update the values of the constituent
PVs according to Eq. 3. Table 3 defines the symbols used
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in Eq. 3. Note that each MKB PV has its own controlling
SNL program.

Vi = Vi) TV XC, (3)
Table 3: Constituent PV Values

Eq.3 Definition

Symbol

C Coefficient defined in the MKB
Configuration File

m MKB PV

n Each Constituent Device PV

t Time

\'% PV Value

Once the SNL attempts to set each constituent device’s
PV, verification is performed to see if the constituent
device made it to the desired value within some tolerance.
Those tolerances can be as simple as within, say, 1% of
the desired value or read from yet another EPICS PV. If
the value of a constituent PV is changed by another CA
client, those changes are ignored by the MKB, as is
usually done when using the EPICS toolkit. No safe
guards are in place. The last CA client to write a PV
wins.

GRAPHICAL USER INTERFACE (GUI)

As part of the MKB utility for LCLS a GUI was
developed using Java, Swing, and Java Channel Access
(JCA). The GUI consists of four main components: MKB
Assignment, MKB Adjustment, MKB Creation, & MKB
I0C Maintenance. A common GUI Framework (GFW)[7]
developed at SLAC enabled this application to be
prototyped and developed rapidly.

Assign Tab

The MKB GUI Assign tab (see Figure 3) presents a
Swing file chooser of MKB Configuration files. One can
preview the contents of the file by pressing the
“Preview...” button (see Figure 2). Once the “Assign”
button is pressed, the GUI automatically selects the
Adjust Tab.

[ peassion | | tosdmmar | [[ESisamseea] [ e | [ o |

[-] (=== [ele=]

Look Ire ‘d mkb

[} UND1_5X_890.mkb
[ unp1_Sx_990.mKb
) UND1_5Y_1090.mkb

) UND1_5Y_2390.mkb
) UND1_SY_2490.mKb
T UNDL_SY_2530.mkb
T} UND1_SY_2690.mkb
) UND1_5Y_2790.mkb
) UND1_5Y_2890.mkb
) UND1_5Y_2990.mkb
) UND1_SY_3090.mKb
T UNDL_SY_3130.mkb
T} UND1_SY_390.mkb
) UND1_SY_490.mkb
) UND1_SY_590.mkb
) UND1_5Y_690.mkb
) UND1_SY_790.mkb
T UNDL_SY_898.mkb

[} UND1_5Y_990.mkb
[} uND1_X_1090.mKb
[} UND1.X_1190.mkb
[} UNDLX_1290.mkb
[ UND1.X_1390.mkb
[ UND1.X_1490.mKkb
[ UND1.X_1590.mkb
[} uND1_X_1690.mkb
[} UND1.X_1790.mkb
[) UND1X_1890.mkb
[ UND1.X_1990.mkb
[ UND1.X_2090.mKb
[ UND1.X_2190.mkb
[ uND1_X_2290.mKkb
[} UND1.X_2390.mkb

[} UND1_SY_1190.mKb
[ UND1_5Y_1290.mkb
[ UND1_5Y_1390.mkb
[ UND1_5V_1490.mkb
[ unp1_SY_1580.mkb
) UND1_5Y_1690.mkb
[} UND1_SY_1790.mKb
[ UND1_5Y_1890.mkb
[ UND1_5Y_1990.mkb
[ UND1_5Y_2090.mkb
[ unp1_SY_2180.mkb
) UND1_5Y_2290.mkb

< T I >

[ND1_57_2690 mkn ]

File Name:

Files or Type: [All Fres =

9/16 14.04:53 Preview button pressed Jul/lcls /physics/mkb [UND1_SY_2690.mikb

9716 140415 Select a file, then press ASSign to get your Multiknob PV, E

physics | teis-srvo4 | 22691 | Muriknabs-Ro-b4 |

Figure 3: MKB GUI Assign Tab.
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Adjust Tab
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The MKB GUI Adjust Tab contains a Swing JTable
showing the MKB PV and that MKB’s constituent PVs,
and a slider with which one can change the value of the
MKB PV (see Figure 4). As you change the value of the
MKB PV, you can watch the values of the constituent
PVs change as the MKB 10C does its magic. The “Load

Initial” button restores the MKB’s initial conditions, if

desired. The “Deassign” button returns the GUI back to

MKB PVs no longer in use. A customizable Swing
JTable is used to present the information (see Figure 6).

e~ 5.

MKR:SYS0:1:VAL [ oeassign | | woanimwar | [[“-logBook. | | Hem. | [ ea |

Assign | Adjust | Create File | Maintenance |

MKE PV File Mame Deascign Adjust__|Date . [last U_[Descr. | EGU

<
¥

USlFull Fil|_Label [sensit
Jul

UMD1_5Y_2650.mkh Deass... Adju.. |03/1.. [03/1... [UND... [mm UHD.

4

»

1 ai 1
2 ‘ajti 0
2 it o
4 aiti o
s aiti o
6 aiti o
7 i o
8 it o
9 it o
the Assign Tab. ; o 5
2 l
5 i 5
B s ] : - 5
MKB:SYS0O: 1:VAL | peassign | [ roaainuar | [[F¥legtoskn | [ nep.. | : :: g
g i o
( Assian [T Cizave i [ Maimenmanes | 3 a o
File: ful{lcls/ physics/mkb/ UND1_5Y_2690.mkb Description: UND1_5Y_2590 2 :: g
2 aiti o
FY DRVL LOFR Yalug ECU HOPR. DRvH Saverl 3 it o
MKEB:SYS WAL =0.04210389 |-0.042.03 ... [0 m 0.04210288 |2.04210383|NO ALAF 4 il 0
VCO 4E0:BC =0.005 -0.005. 0 G- 0.005 2,005 O ALAF 5 it o
YOl S5E0:BC 0,005 0.005 0 kG m 0.0051 2,005 O ALAS 6] it o
YCo BEOBC -0.00% -0.005- 0 G-t 0.005 2.005 O ALAF 7 alt o
YCo 7E0:BC -0.00% -0.005- 0 G-t 0.005 2.005 O ALAF 8 alt o
VOl BEN:BC —nang 0005 0 G- 0.008 anns 0 ALLS ) aft 0
0 it o
1 aiti o
2 [wari o
9/16 140842 INFO  YCORUND1:2780:BCTRL i O kG-
9/16 140842 1NFO  YCORUND1 2880.BCTRL is O kG-m
physics | 1ds-srv04 | 22691 | Multiknobs-R0-0-4 |waiting for py or file 10 change |
Figure 6: MKB GUI Maintenance Tab.
[1] P. Stanley, J. Anderson, M. Kraimer, “EPICS Record
Reference Manual”, Copyright © 1995 The
916 140842 INFD  YPOR-NDI-2780ECTRL i 0 kS-m % University of California, The University of Chicago.
9/1614:08:42 INFO  YCOR:UND1:2880:BCTRL is O kG-m = . [
http://www.aps.anl.gov/epics/wiki/index.php/RRM 3
physics | Idds-sv04 | 22681 | Multiknobs-R0-0-4 |waiting for pv or fil2 1o change [ 14 -

Figure 4: MKB GUI Adjust Tab.

Create / Edit File Tab
The Create / Edit File Tab helps guide the user to

making MKB configuration files.

The GUI hides the

annoying XML syntax and provides an easy way to drag
and drop PV names from one GUI to another to avoid
errors and laborious typing (see Figure 5).

Assign | Adjust | Create File

MKRB:SYSO:1:VAL

| peassign | roaamia | [[Z-iogeeok. | [ Hew.. || ma |
|

Create/Edit Multiknob File

Ere] [ONDL_5v.2690 ] Ecu:[mm
5 —
(T COf 2480:BC 005762524
Y COl 2680 BC -0.12825419

02-]un-2009 14 14:27

Millimeter Bump Generzted fo- BPME UNDT

[T

Hardware Knob Settings

Label 9 charactersy: [JND157_2690

Sensitivity: [L.O

9/16 14:08:42 INFO  YCOR:UND1:2780:BCTRLiS O kG-m
9/16 14:08:42 INFO  YCOR:UND1:2880:BCTRLiS O kG-m

physics [1els-sv04 | 22691 | Murtiknobs-RO-0-4 | waring for pv or flle 1o change.

Bm

Figure 5: MKB GUI Create / Edit File Tab.

The MKB Maintenance Tab allows the user to monitor
the health of the MKB IOC or, more likely, deassign any
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