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Up and r unn ing s ince 1999 !



CHEP 2016 Conference, San F ranc isco , October 10- 14 , 20 16 3

STAR at RH IC , B rookhaven Lab

STAR detecto r :
● 18 subsystems, 3 more be ing added – 

cont inua l upgrade process
● S low Cont ro l System is EP ICS-based, hav ing 

over 40k process var iab les at star t , ~80k now
● Onl ine Ecosystem inc ludes DAQ, RTS , CS , ALH , 

Mon i to r ing , subsystem-deve loped ser v ices – 
a l l ta lk ing to each othe r

● S ince ~2009, obv ious need for a moder n 
ser v ice integrat ion bus was c lear

● MIRA f ramewor k was created to answer that 
need :

D Arkhipk in et a l 2012 J . Phys. : Conf . Ser. 396 012002
D Arkhipk in et a l 201 1 J . Phys. : Conf . Ser. 33 1 022003 

TPCTPCMTDMTDMagnetMagnet BEMCBEMC BBCBBCEEMCEEMC TOFTOF

HFTHFT HLTHLT

Soleno ida l T r acke r at RH IC

Detector and Cont ro l System Evo lut ion 
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MIRA Framewor k Over v iew
● Features :

– Sca lab le ar ch i tectu re
– I nte r-operab le , low-over head p rotoco l
– Pay load-agnost ic messaging
– Qual i ty of Ser v ice regu lat ion

● Or ig ina l ly des igned to imp lement bette r 
meta-data co l l ect ion (a rch i ve r )  and prov ide 
bas ic ser v ice messag ing bus

● Imp lemented us ing Message-Queu ing ser v i ce 
bus - AMQP, late r MQTT

● Suppor ts Complex Event Process ing (CEP)
● With t ime , expanded to the Cont ro l System 

rea lm and A la rm Hand l ing

Messag ing Inter face and Re l iab le Arch i tectu re

MIRA: basic components overview
D Ar kh ipk in and J Lauret 2015 J .  Phys. :  Conf . Ser.  608 012036 
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Slow Cont ro ls : Upgrade
● Cur rent Cond i t i ons :

– Cur rent Detecto r Cont ro l  System is most ly EP ICS-based
– New hardware is somet imes sh ipped with EP ICS dr i ve rs
– Old hardware is be ing gradua l l y rep laced wi th new 

hardware
– Manpower is sparse ,  can ' t upgrade ever yth ing at once , 

so . . .
● Staged Cont ro l System Upgrade :

– avo id d rast ic changes in wel l -def ined exper imenta l 
procedures

– gradua l ly rep lace components with newer techno log ies
– prov ide extended funct iona l i ty and bette r ma intenance 

fo r years to come

U I

IOC

ALH

HW

EPICS CA

EPICS CA
Vendor-specific

protocol

Multiply it by 18 STAR Subsystems
Add in the need to communicate
with DAQ, RTS and Archiver
Divide by lacking manpower and
subsystem expertise...

Basic CS setup: EPICS core
Exper imenta l Phys ics and Indust r ia l  Cont ro l System
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EP ICS to MQTT and back aga in
● EP ICS<->MQ Br idge upgrade steps :

a) keep IOC, keep UI , add EP ICS<->MQTT conver ter 
b) keep IOC, rep lace EP ICS UI wi th MIRA 's web 

inter face
c) use MIRA 's UI , rep lace EP ICS IOC with MQ-enab led 

IOC emulator

● MQ Br idge = Mic roser v i ce arch i tectu re
– scalab le approach , dep loy as many independent 

instances as you need
– uses l ight-weight , technology-agnost ic protoco l - 

MQTT
– enhances cohes ion , decreases coup l ing
– a l lows to evo l ve incrementa l ly , eases 

maintenance

Br idge Log ic ,
Conver ters

M IRA 's
MQTT AP I

EP ICS
CA AP I

MQTT
Ser ver

EP ICS
IOC

Node.jsNode module Node module
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TPC
detector

TPC
detecto r

Br idge : step 1

TPC U I

MQ
Ser ver

TPC U I

MQ
Ser ve r

ALH U I

TPC
detector

TPC IOC

ALH

DB

Arch iver U I

Web
Desktop
Mob i le
… . .

DAQ networ k protected networ k int ranet exter na l

MQTT

EPICS CA

EPICS CA WebSocket + MQTT

Vendor-specific
protocol

MQTT
MySQL, MongoDB

TPC Cont ro l le r

RTS

CEP

CDEVDAQ

EP ICS
Br idge

HTTPD

mod_proxy_ws

Expose EP ICS to M IRA 's ser v ice bus
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TPC
detector

TPC
detecto r

Br idge : step 2

TPC U I

MQ
Ser ver

TPC U I

MQ
Ser ve r

ALH U I

TPC
detector

TPC IOC

ALH

DB

Arch iver U I

Web
Desktop
Mob i le
… . .

DAQ networ k protected networ k int ranet exter na l

MQTT

EPICS CA

EPICS CA WebSocket + MQTT

Vendor-specific
protocol

MQTT
MySQL, MongoDB

TPC Cont ro l le r

RTS

CEP

CDEVDAQ

EP ICS
Br idge

HTTPD

mod_proxy_ws

I ntegrate EP ICS A la rms Into MQ bus
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TPC
detector

TPC
detecto r

Br idge : step 3

TPC U I

MQ
Ser ver

MQ
Ser ve r

ALH U I

TPC
detector

TPC IOC

DB

Arch iver U I

Web
Desktop
Mob i le
… . .

DAQ networ k protected networ k int ranet exter na l

MQTT

WebSocket + MQTT

Vendor-specific
protocol

MQTT
MySQL, MongoDB

TPC Cont ro l le r

RTS

CEP

CDEVDAQ

HTTPD

mod_proxy_ws

Emulate EP ICS IOC wi th 
MQ-enab led Ser v ice 
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What about other opt ions?
WebPDA  is a protoco l for access ing rea l-t ime data us ing WebSocket . 

EP ICS BOY, WebOP I

Ava i lab le too ls are most ly focused on 
“EP ICS for Web” , ra re ly on ser v ice 
integrat ion which is ver y impor tant fo r 
STAR.

WebPDA
Great idea , but i t requ i res intermediate java 
app l icat ion ser ver, not c lear how to a l low 
b i-d i rect iona l ta lk of non-EP ICS ser v ices .

EP ICS BOY, WebAP I
EP ICS-on ly ser v ice , sca lab i l i ty is 
quest ionab le , as i t c reates a separate 
instance of BOY (potent ia l ly , spann ing to 
thousands of channe ls) per connected c l ient .There is a h int for MQTT Suppor t for CS Stud io : 

ht tps ://conference.sns.gov/event/ 1 1 /sess ion/ 1/cont r ibut ion/5 1

Java HTML5

http://en.wikipedia.org/wiki/WebSocket
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Use-Case: A la rm Hand le r
STAR A la rm Hand le r - EP ICS:
● MEDM: Mot i f Ed i tor and Disp lay Manager
● s ing le instance - loca l app l icat ion runn ing at STAR Contro l Room
● conf igu red by p la in text f i le res id ing at spec i f ic node

Upgrade features :
● web-based inter face + loca l app + phone app
● mult ip le instances – web and loca l apps attached to the MQ bus
● conf igu red from database back-end, managed by web front-end

EP ICS<->MQTT Br idge Setup :
● propagate A larms on ly
● Hie rachy UR I : System/Subsystem/module
● br idg ing mode: EP ICS->MQTT and MQTT->EP ICS
● message output th rott led (per PV) to ~1 msg/sec
● nuissance a larms suppressed at UI leve l

Now, a l l  a la rms are ava i lab le v ia MQ bus
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Ala rm Hand le r U I Convers ion
O ld U I is be ing rep laced by web-based inter face , powered by di rect MQTT feed over WebSockets . HTML5-based U I cou ld be 
deployed as Web, W in/L in/MacOS/Andro id/ iOS . WebGL could be employed to enab le fast widget updates .

HTML5 stack p rov ides us w it h the cross-p latform U I

User Auth v ia SAML/SSO

User Auth v ia
System Log in
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Summary & Out look
● STAR Meta-data Co l lect ion F ramewor k update :

– STAR sta r ted wi t h MIRA (Messag ing Inte r face and Re l iab le A rch i tec tu re ) to a rch ive/red i rec t/f i l t e r and act (CEP ) 
upon st ream ing meta-data co l lected on l ine . MQ-based se r v ice messag ing bus p ro v ided STAR wi t h stab le and 
sca lab le so lut ion , and enab led nea r- rea l-t ime v iew of t he expe r imenta l status fo r a l l co l labo rato rs .

– Proof of p r inc ip le : EP ICS A la rm Hand le r  U I was rep laced by a web inte r face re ly ing on ou r recent ly deve loped 
EP ICS<->MQTT b r idge app roach .

– STAR On l ine se r v ice integ rat ion is now great ly improved fo r DAQ and RTS subsystems , as ou r In teg rated 
p rocess ing of t he a la rms p roduced by va r ious STAR subsystems is comp leted .

● Future P lans :
– Br idge and IOC emulator codes are la rge ly exper iment-spec if ic for now, 

but we are work ing on a gener ic imp lementat ion to make it fu l ly 
reusab le by the HEP/NP/CA community

– Br idg ing and ser v ice integrat ion got an interest f rom co l l ider-acce le rator 
deve lopers , d iscuss ions are ongoing

MQ
MIRA
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Thank You !
Quest ions? Comments?
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