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Astronomi cal Control System Status}

« 10 years ago radio control systems were much
more sophisticated than optical. Why?

. Single pixel detectors (but some baselines)
. Electrical engineering heritage
e Optical systems now have the lead
. Sloan Digital Sky Survey
. VLT
. Gemini
« Our product isimages (stacks of them)
e AsStronomers are our consumers
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23 The Future

 Whereisthe Barry Clark for the MMA?
. He's now an undergrad who has:
 Played Ninetendo, Quake, & Doom ad infinitem
 Always had 50 channels of cable and aVCR
» Had a personal web site since high school
. When she is a new postdoc being shown the control
system for the $400M MMA, what will she think???
e Today’s students have grown up with avisual
environment radically different than previous
generations
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!’3 Our Charge

 \What used to be our private technology is now
In the family room of middie Americal

« Expectations about what a control system can
do and how it interacts with humans are rapidly
changing

* The migration of computer technology and the
Internet into everyday life and the advancesin
optical astronomical control systems has raised
the bar for our systems
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ws Implications

o Staffing levels will need to be increased

e Developerswill need to learn to work as part of
larger teams

* More code reuse needed to increase efficiency

4/13/99 NRAO Realtime/Java Monitoring 3



Java Realtime Monitoring Windows
for the Caltech Millimeter Array
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23 The Monitoring Problem

* Realtime and archive aspects (separable)

o Quantity of monitor points and data

e Sampling rate

* Reatime feedback for control

o Satisfy operator/astronomer/engineer

« Availability (computer platform, location)

« Monitoring can dominate the monitor/control
user interface design
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Realtime Monitoring Wish List

e Easy to create operator screens
 Fault notification

e Variable samplerate

* Plot time series

 Visualize correlations

e Hard copy

o Datacapturetofile

e Cross platform
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» 6 telescopes, 10 meters in diameter
. Simultaneous dual receivers (1mm & 3mm)
. 4GHz |F bandwidth
. 2x1GHz continuum correlator
. 4 band 512MHz digital correlator

* No operators - postdocs/faculty/students
* Developers are onsite
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OV RO Monitoring Requirements

o User Interface
. Color, audio, and plotting capabilities
. Parallel access - many simultaneous users
. Multiple platforms. Solaris, Win32, Mac, OS/2
. Low bandwidth - run over modem
. Control integrated with monitoring
. Security for control

o Simple system

Modest computing hardware requirements

. Limited programming resources

4/13/99

NRAO Realtime/Java Monitoring 10 1Y D



Realtime Monitoring Architecture

LAN/WAN/Modem
Array Control
\ Computer
Java Ul <« __
T C++
» Servers
Java Ul 4//”
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UNIX/PCIMAC.~~ -~~~
o UNIX
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[=3cma Array Status

File  Monitor  Preferencez  Help
Status |INTEGRATE  0.9{13/29) Proc INTEGRATE
Source MAFF 2H 2 RA|02:38:08.00 Dec | +59:23:20.0
Integ | 15 Track | 4573 Project (497 Flags
Sched MAFF 2CYC1 LST|23:03:51
Pager (Hot Paiing Flev |49%.1 PhaseMon | 2.04
IF LOfreq Polarization Correlator Line
Rx#l| 1 | 111.5 | hhhhhh{-1D} cl+s162 111.530000LOBEST -30.0 LSR
B2 | 2 217.8 | vwvrvw(-1D) c2+534&4 Follows other rx line
Tel#l Tel#2 Tel#3 Tel#d Tel#s Tel#d

Tel Pad 30H 500 50E 650 30H 20W
Tsys Rx#il 393 244 150 236 425 117
Tsys Rx#2 321 426 504 423 184 192
Tel Status | TRACKING | TRACKING | TRACKING | TRACKIHG ERROR TRACKING
Dewar T3 4.21 4.08 4.317 4.23 4.37 4,24

E12 E13 Bl4 El15 El6 B23 Bl4 B25 Bla B34 B35 B36 B45 B46 B5a
Rx#]l Amp |0.0 |0.0 (0.0 (0.1 (0.0 (0.1|0.1|0.1(0.0|0.0(0.0{0.0|0.1(0.0/|0.0
Rx#l Coh
Fx#2 Apap (0.1 (0.1 (0.0 (0.1 |0.1|0.1|0.2 |0.1(0.1|0.1|0.1]|0.2|0.1(0.1(0.1
Fx#2 Coh 13
Proj Eln M| 92| 8| 43| 66| 91| 14 | 46| 27 |105| 58| 64| 58| 41| 27
Blanking s [

OVREO:-0L5:07:070T/22:07:08PDT F23:03: 51LET

Local:Z2Z2:07:55PDT

Flot List Stats Audio 2sec vl Frint Close
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[=icma Array Status

File  Monitor  Preferences  Help

Status [Waiting(slewkt=ys) Proc IHTEGRATE
Source MAFF2H1| RA|02:38:08.25| Dec|+59:23:27.0
Integ [122 Traclk | 4573 Project | 497 Flags
Sched MAFF 2CYC1 LST|09:11:16
Pager |Hot Pating Elev |28.1 PhaseMon | 1.81
IF LQOfreq Polarization — Correlator Line

Fxtl| 1 111.5 | hhhhhh{-1D}) cl+s1i2 111.530000LOREST -30.0 L5R
Bx#2| 2 217.8 | v -1D) Cc2+5344 Follows other rx line

Teli#l Tel#2 Tel#3 Tel#4 Tel#s Tel#f
Tel Pad S0H a0 S0E 65 J0H 200
Tsys Rx#l 502 339 226 341 578 185
Tsys Rx#2 663 790 961 161 369 381
Tel Status| SLEWIHG SLEWING SLEWING SLEWIHG ERROR SLEVING
Dewar T3 4,21 4,08 4,35 4,23 4,41 4,28

B12 B13 Bl4 Bl5 Ela E23 E24 E25 BXa B34 B35 B3 E45 Bdo B5a
Bx#l Amp |3.0|2.1(3.6(2.1|2.0(|2.9(4.7(3.3(3.0(3.6(2.7(2.1/4.4(3.5(2.4

Ex#l Coh | 95| 97| 96| 96| 96| 96 |100| 98| 99| 96| 97| 96| 94| 98 98
Rx#2 Amp |1.7(1.5|1.2|2.0|1.3 (1.9 (1.6 (0.6 (1.7 |0.8 (0.8 |1.2|0.8|1.0(0.5
Rx#2 Coh | 84| 90| 92| 98| 93| &9 |100 99 | 100 96 90
Proj BIn 94 | 53103 43| 78| 66| 10| 54| 20| 16 46 | 63| 30| 3

25 3 6
Blanking HB HE HE 558 HE [kl

OWED:15:1E: 520TF 08:12:02/059:11:16L5T Local:08:13:40PDT
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AZ reguested
AF actual

AZ err{asec)
AZ errSky

AL rmserr

AZ rate(d/min)
AF Teast

AZ Dwest

AZ Ipreload

E'z:_,% cma Tracking Status

=0O] =
Tel#l Tel#2 Tel#3 Tel?#d TeldS Tel#6
-52.59 | -52.59 | -52.59 | -52.59 | -52.59 | -52.59
-52.592|-52.592|-52.59 | -52.59 | -52.59 | -52.59
-0.7 -0. 0. -0.1
-0.5 -0. 0. -8 -0.
0.3 0. 0. .2
I l].l]l]l 0. 00 0. 00 0.10 - 00 0. 00
0.4 0. 0. -0. -0.0 0.2
3.4 3. < 3.4
2.9 3. 3. 3.2
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Eﬁcma IF Total Power

Sidecab IF1
Atten
Sidecah IF2
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huxed
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Basement IF2
CCl
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Atlten
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Array (composite)
LOfreq 27.00 S Chserving log
Tel#l Tels? Teli2 T Errars, blanking & pading
Tsys dsh 58 ke 33 Receivers#z
ush it 55 5 Receiver®l Local Oscillator (L0
Receivers? Lacal QOscillator (L
Ish 5884 5569 5449 Wb Ot
Vi req 1100 I 1055 I 1000 I JDigital Cross Correlator (Do) Band A
Digital Cross Carrelator (OFC) Band B
act 1100 10535 1000 I Digital Cross Correlator (DXC) Band C
BT 0 0 0 Digital Cross Carrelator (D) Band D
Cryodgenics
act 370 290 noHW Focus
Receiver®1 Folarizer
err 0 0 nfa Receiver#2 Polarizer
Ij req LOman ILD]Tl.El.n ILI]ma.n ILI] Intercomputer Packets
act 293 484 132
eI nfa nsSa nsSa nfa ¥ B=n
L Oatt req F20 450 GO0 450 o
act 320 450 D21 449 o
err 0 0 —79 -1 iRt
Tot power 236 1074 T34 488 13
SER A A e A ey e A ey A A A
TPvar (%) 1.0 1.5 2.5 8.9 2.1 1.3
OVRO: Z2: 52 22UT10:24: E2LST Local:1&:528: 25PDT
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[V W

} E':zf’;:t:ma Ob=serving Log - |a] =]
realtirme - 400 lines -
P

Fesults Realtimme updates active. .. J —

2RJUn93523:32:.26 --5CH: OBSMSHORTEST_PATH 32286 LOWY_EL=SKIF

2EJUn98523:32:26 -5CH: POINT/CHARGERPZ S 3 REP=2 00310

2Jun92r23:3323:590 FOIMNT rep 152 campleted early(1 CYC2S), accdracy limit achiewved
261un93r22:22:590 FPointing changes: 1AZEL 2AZEL 2A5EL AAFEL SASFEL BASZEL

2EJun9 32333581 RADIO_QOFFSETT A7=0.821 EL=-0.614

2EJun9a3r23:33:81 RADIO_OFFSET2Z A7=0.275 EL=-1.123

26lun9ar22:232:91 RADIO_OFFSETZ A2=0.961 EL=-0.432

2EJun9a3r23:33:52 RADIO_QOFFSETY A7=0.7T33 EL=-0.T27

2BJun9a3r23:33:52 RADIO_OFFSETS A7=0.230 EL=-1.0473

2BJun9a3r23:332:82 RADIO_OFFSETE A7=0.140 EL=-1.020

2Jun93r23:34:12 FOIMNT rep 252 completed early(l CYC2E), accuracy limit achiewved
2EJun983523:34:19 Pointing changes: 1AZEL 2AFEL 3AFEL 4AAFEL 5AFEL BASEL

2EJun9a3r23:34:19 RADIO_OFFSET1 AZ=0.797 EL=-0.6EK2

26lun9gr22:.23419 RADIO_OFFSETZ A2=0.291 EL=-1.165

2EJun9a3r23:34:.19 RADIO_OFFSET3 A7=0.408 EL=-0.403

2EJun9a3r23:34:20 RADIO_OFFSETY A7=0 694 EL=-0.64%5

261un9gr2z2:24:20 RADIO_OFFSETS A2=0.228 EL=-0.9320

2EJun9a3r23:34:.20 RADIO_OFFSETE A7=0.186 EL=-1.052

Z2EJUun98r23:34:20 --5CH: FLAGS 2GP T=1

2Jun92r23:34:20 Flags: Z2ndary std, gain, passband Tuning w01

260un9gr22:24:20 --SCH IMT 1 2 LOwW_EL=SKIF M=C

2BJun9ar23:35:47 - ———-- Integration 249 completed; rep 1 out of 2

2Jun9zr23:37:01 --———-- Integration 26 completed; rep 2 out of 2

2EJun9ar23:37:02 --Schedule done, reps expended:; 328605

2RJUnQa3r23:37.02 -5CH: SCHEDULESUBFILE/LSTIRNOWAIT/RLUM FILE=URARERP START_TIME=19:(
2Jun9zi23:37:02 Schedule not run. Before star time: LUIRAMERF

2BJUun9a3523:37:.02 -5CH: SCHEDLULE/SUBFILE/LSTIMNOWAIT/IRLUM FILE=SATURMN START _TIME=22:(
261un93r22:27.02 Schedule not run. Before start time: SATURM

2EJun9323:3T02 -5CH: SCHEDULESUBFILELSTIMNOWAIT/RUMN FILE=RGCTO2T START_TIME=15
2Jun9zr23:37:02 Schedule nhot run. Befare start tirmme: RGCT02YT

26lun9ai22:237T 02 -SCcH: SCHEDULE/SSUBFILELSTIMNOWAIT/IRUM FILE=RGCTO2T START_TIME=22
2EJun93r23:37:.02 Schedule not run. Before start time: RNGCT02T

2BJUun935r23:37.02 -5CH: SCHEDLULE/SUBFILE/LSTIMNOWAIT/IRUM FILE=3Z24543 START_TIME=149:31 |*

2BJUnQ8r2 33702 Schedule not run. Befare start time: 324543

2EJunQ8r22:37.02 -SCH: SCHEDLULE/SUBFILE/LSTIMFNOWAIT/RUM FILE=2CZ42 START_TIME=02:20:0
2Jun98r23:37:02 Schedule not run. Befare start tirmme: 3248

4/13/99 NRAO Realtime/Java Monitoring 17



23 cma Weather = el

File  Monitor Preferences  Help

lsec lmin Smin
Temp F I 43.0 I 32.0 12.3
Temp C 6.1 0.0 5.1
Dewpoint C -7.5 0.0 -8.1
H20O vaporPressure 3.4 0.0 3.3
H20 density gm**3 2.1 0.0 2.5
Rel humidity %o 317 0 36

Sl
=y 1seciTemp F X
Barom pressure mbar 880.1 d = =1 B

Samples: 109

Wind speed mph 11.1

Wind direction deg 9 Min: e
Wind gustiness mph 0.0 TEY 43.5
Wind max speed mph 11.1 hean: 4270
Record number 4024960 | .- Q0347
Mirror cleaning 0

Zlose Feset
MNID 0.00000 I I

OVEROD:13:25:110T/06: 25 153PDT/07 27 13LaT Lacal: 06252 11PDT
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4/13/99

File  honitor

=3 cma Errors & Blanking

Folder  Preferences

Help

Elanking

B12 E13 El4 E15 Bla B23 B24 B25 B2 B34 B35 B36 B45 Bd4o BS56

CCl
cC2
Band A/B
BandC/D
Errors
Tel#l Tel#2 Tel#3 Tel#4 Tel#5 Tel#a
Tracking
Absorber
Node Chan Name Description
916 | 809 (THBeamSelPosn Tel#h radio beam selection wheel position

OVRO:15:0Z2-08UT /08 :02:09PDT05:00: 30LAT

Local:08:02: 57PDT
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& Redltime Data Cells

e Background color used to represent item status

o Compact menu for advanced features
. Plotting versus time
. Text listing, including saveto file
. Statistics (mean, rms, max, min)
. Optional audio alert
. Optional control widget launch

e Built-in history of last 200 values
. Realtime plots seeded with values from memory
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ws Java Clients

 All realtime monitor windows run one generic
Java client

e Unique setup and refresn driven from server
 Clients manage presentation & history

o Approximately 50 classes

o Approximately 22,000 lines code
 UsesIDK 1.1

e Can be run as application or applet

» Total size of classes ~7/00KB
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z)s UNIX C++ Servers

 RunasUNIX “services’

* Oneinstance of server program for each
Instance of client window

* Unique server program for each type of client
window

e Base server classes ~1500 lines

e Each server program 1 to 5 pages code making
heavy use of base classes

e (ets data from shared memory
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ws Resources

o Java Client
. Size
 Nowindows:. 8.5 MB
e Each additional window: 1.6MB
. CPU <1% per window on P-150 or UltraSparc 1/140

o C++ Server
. Sz 0.9to 1.3MB each
. CPU: 0.3% UltraSparc 1/170

* Bandwidth

. Approx 0.1 KBytes/second per window
. Compression factor: 5 to 10 typical
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Monitor Window Portability

e Need only port C++ server base classes for
realtime monitor windows

e Javaclients run unmodified

* Port to Solarisistrivia if shared memory
exists with live data

* Custom window design and creation is
straightforward using base classes
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ws | essons Learned

 Distributed parallel accessisvery powerful
« Generic plotting function very useful

e Using atable for display and as a menu saves
screen space and complexity

e Shared memory ssmplifies programming
Works well with one writer, many readers
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And More Lessons Learned

e Advantages of C++ servers
. Performance
. Trivial access to shared memory structures

« Java applet versus application
. Applet security restricts printing and file writes
. Larger programs give slow applet download
. But users love the browser applet model
o Limit Javatarget platforms to reduce support

o Use compression to handle network bandwidth
Imitations

4/13/99 NRAO Realtime/Java Monitoring s Y HRD



ws Java Observations

* Very nice language, many good features

o Still evolving

 Hypeis~12 months ahead of iImplementation
« Performance can be an issue

e There are cross platform issues, particularly on
new features
e Browsers
. Lag in implementation of latest language features
. Future fairly fuzzy
. Userslove browser interface
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