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IUAC LINAC cryogenic network

LC-IRBC
BC

LC-IILC-II

He Compressors

Cryo Distribution line

CRYO-DACS is set-up to control and acquire many analog and digital
Cryogenic parameters from equipments like beam-line Cryostats,
Helium Compressors , Cryogenic distribution line etc. and ON/OFF
controls of IUAC LINAC from a central Cryogenic control room. The
system can do distributed logging to an RDBMS & analyze data
from multiple PCs in a network.

LINAC Cryostats
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Sensor Location Type

Lhe Level 

BUNCHER
LINAC1
LINAC2
LINAC3
REBUCHER Sup.Lhe Level Guages

LN2 Level

BUNCHER
LINAC1
LINAC2
LINAC3
REBUCHER Capacitive

 Cryogenic Temperature

BUNCHER
LINAC1
LINAC2
LINAC3
REBUCHER Silicon diode

 pressure sensors

BUNCHER
LINAC1
LINAC2
LINAC3
REBUCHER Peizo resistive

Cryogenic  Valves LN2 & Lhe

BUNCHER
LINAC1
LINAC2
LINAC3
REBUCHER digital

Electrical heaters LINAC 230VAC
T,P,loading,unloading,ON/OFF controls He Compressors etc. digital
   
   
Vacuum  voltage

CRYO-DACS I/0 requirements



Juan Casas 1st June 2007Joby Antony

A Cryogenic control room at IUAC 
continuously operational since 2002

-Control console
- data acquisition

-CRYODACS main screen
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Cryogenic control 
room

Ethernet network

He Compressors,
Liquefier etc.

Cryo group 
(windows)

Cryo group
(linux 

terminal 
client on 
rdesktop) 

Joby Antony

Front-end electronics

VME crate #1 VME crate #2

Ports for local distributed control, logging&analysis

(windows)

(windows-2000)
Server with RDBMS

(Host)

-Connectivity is via. 100 MB/s ethernet

-Separate Cryogenic LAN for CRYO-DACS 

Cryo-DACS: Distributed Architecture

Target CPU2-embeded 
VXWorksTarget CPU1-embeded 

VXWorks

LC-IRBC
BC

LC-IILC-II
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Control Logic  Development

Joby Antony

(Intel based cpu) (Intel based cpu)

The control logic development for CRYO-DACS using VME hardware
without making Fundamental changes to application s/w is made Easier
with a novel component suite called IOWORKS.
IOWORKS to Create and maintain industrial PC-based control
applications in ladder logic & c++. IOWorks lets PC-based algorithms in
multiple modules to communicate with the underlying h/w via s/w
component that can access VME Bus through board specific drivers.
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Control Logic  Development

Joby Antony

ioworks logic modules
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The Cryogenic Thermometry

- Cryogenic Temperature (Total 128 channels)
Sensor –DT470 Si.diode Range      - 4.2 Kelvin  – 300 Kelvin
Precision +/- 0.1K at 4.2K    +/- 1K at 100K   +/- 2K at 300K

Indigenous FPGA based 16 channel
Cryogenic Temperature monitors
with 16 ch. linearizer (0-10V linear
output) – Total 8 nos (128 channel)
installed

Joby Antony
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The Valve controls
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Compressor controls

Joby Antony
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Distributed data logging & alarm 
management

Joby Antony

The data base
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Distributed data logging & alarm 
management

Joby Antony
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Data Trending & analysis of 
offline&online data

Backend RDBMS tables– Front end GUIs  

Joby Antony
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Data Trending & analysis of 
offline&online data

Backend RDBMS tables– Front end GUIs  

Joby Antony

Multiple such trends can be analyzed  simultaneously
e.g. yeserday’s.today’s, or last years etc. etc.
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Summary

The system is continuously operational since 2002 with 95% 
uptime
Stable & rugged system 
Quick development tools
 Hot swapping of logic modules at  target   has been a very 
useful feature for on-line logic Modifications from Host without 
affecting the client applications
Remote reboot feature was useful from host as the crates are 
Sitting in  -no access radiation areas

Joby Antony

Failures&maintenenance Issues
There was only one failure throughout , root cause was dust 
Regular cleaning of modules has removed this failure permanently
Most of the tools, OS etc. have become obsolete
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Local Cryogenic 
control room

115

Ethernet network

GMS area

Sensors,Prop.Valves,Heaters,ONOFF valves

New 
Refrigerator areaEth,CAN

LINAC 

AREAS

New 
Refrigerator

AreaBuncher area

CV

Courtesy E. Blanco

120
Cryo group 

123
Cryo group 

ReBuncher 

AREAS

Joby Antony

Future plans-complete automation of cryogenic  systems
using Indigenously developed  embedded device server hardware: 

Distributed Architecture over Ethernet



Juan Casas 1st June 2007

A group of six different  types  of  distributed 
embedded hardware 

Device servers(websensors) to cater  the Cryogenic  
community needs in cryogenic instrumentation

Joby Antony

Features :
1. Ethernet based  WEB compatible embedded hardware instruments (many types) 
dedicated for a sensor-actuators combination, built in-house
2. Each device will run a small embedded IO server(lightweight stack in ARM  processors) 
with unique IP&MAC in a private  network 
3. Sensor transfer function should be embedded to device itself, control system PC should 
not worry about it. 
4. Remote device reboot feature over LAN .
5. Inter bus communication between device servers via. CAN bus  w/o any PC.
6. All control loops must run embedded in device level itself, control PC-independent. 
7. USB ports in each device front-panel for re-programming firmware.
8. Multiple clients should be able to control and monitor any where in the globe
9. support of heterogeneous OS & languages like labview, c, c++, Qt, python, java, .NET, 
HTML, javascript etc.  For client applications  
10. Remote embedded variables must be accessible and sharable  across LAN via. RPC 
over HTTP.
11.Device status of every action must be displayed in a graphical display in front-panel
12. in-house Compact, low cost SMD design, RoHS, reflow soldered boards  manufactured 
13. Predefined Power ON restore initialization conditions are taken care in each device-
server  



Juan Casas 1st June 2007

Embedded development at IUAC :
COTS  ARM BASED design

Joby Antony

Cryogenic community requirements
1.LHe server :measurements in Boost&pulse modes & prop.valve /actuator 

controls
2.LN2 server: measurements  using C-type sensors & prop.valve /actuator 

controls
3. Cryogenic Temperature sever: 4.2K to 300K measurement&control
4. E-plugs for low&high power ON/OFF  controls  e.g heaters. Pumps etc. 
5.Cryogenic Pressure/vacuum server: measurement & associated controls
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Device health monitor & embedded Tags in 
instruments

Joby Antony
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some test GUIs in Windows LabView & Qt

Joby Antony
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Ethernet based computer controlled 
High Voltage generation &control for NAND detectors 

: A low cost solution of H/W & S/W
High Voltage Power supply controls  solution using compact,  distributed Ethernet 

based boards  and linux Qt based GUI,pcli etc.  

• A compact, low cost Ethernet based high voltage power supply controller module 
• The  modules can be distributed over LAN using a network switch for interconnect.
• Each module has its own unique MAC and ip address   so that each can be specifically selected at a 
time for read write    operations.  
• A network of 50 such controllers have been planned in the first phase of NAND. 
• A user friendly GUI  has been developed using   Qt as the preferred language   as Qt offers vast socket 
programming  libraries and compatibility to both linux and windows, as shown in figure
• it is easily expandable to a large number of power supplies, low cost, globally accessible, multiple 
users in a network can  set or read any power supply value simultaneously 

Joby Antony

An  indigenous
low cost compact HV board 
with Ethernet

Qt GUI
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PCLI pserv at IUAC
(pelletron control server/client of IUAC)

PCLI support for NAND HV power supplies  

Pcli  distributed client  GUI  
using shaft encder interface

Joby Antony

import pelcon
p=pelcon.pserv()

for k in range(1,25):
s = 'DHV%03d'%k
print s, p.set_value(s, 'VC', 'V', 0)

Code to set 25 power supply to 
zero volts  using python client 
& pserv
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