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A word on DESC

* Digisonde Embedded System Control

 DESC is the software running in RTEMS on the
Control Computer that interface with the
hardware.
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DCART : Main Functions

* PLANNING EXPERIMENTS * DATA VISUALIZATION
— Program design — Science data
— Schedule design — Housekeeping data
— Daily Ops design
— Campaign design

 MANUAL CONTROL
— Start and stop
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Welcome to DCART

DCART v1.4.1 Millstane Hill, model DPS-4D (DESC connected since 2011.05.01 18:59:56.825)
File Action Tools Options Help

[STOP ‘sortsToP | [EIEl | inro |

| ACTIVE PROGSCHED | | Built-in Test | channel Equalizing | Tracker calibration

Enable Data Display I Display Options . Presentation

TO START VISUALIZATION OF THE REAL-TIME DATA, ENABLE DATA DISPLAY
DCART v 1.4.1

Copyright (o) UMLCAR 2005-2011

DIEIE‘:I:INDE

PORTABLE SOUNDER

Liriversity of Massachusetis Lowel
Cender fov Atrmospheric Research

e Lrnlear, Ll edu

Disable the real-time display before leaving system running unattended

=Rt ES 13 55 i : = = .J‘Ellj. 3. 03 A% L acknowl edged command Auvto-drift Message
== inll. A= 11.05.05 19:02:54. : s=ent PM packet: 2011.05.05 192:0
82972571 | |2011.05.05 19:03:11.415: sent PM packet: 2011.05.05 19:03:
i 15497 0 i .15 9 o o )
STATE: 4__.—1 |2011.05.05 19:03:15. received RALIVE packet

__q_]l2l]]1.05.l!'i 19:03:28.415: =sent PM packet: 2011.05.05 19:03:28. 000

- O /_014
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DCART Screen Organization

[ — ]
E DCART v1.4.1 Millstone Hill, model DPS-4D (DESC c e 2011.05.01 1B:59:56.B25) =053

MANUAL COMMANDS

MAIN VISUALIZATION AREA

for screen editors and data panels

2: Ryl eadoged

- 'DCART LOG JOURNAL




Top Level Color Concept

 "RED: PROBLEM that requires operator’s attention

* NG important option or control
« BRI “hazardous” operation that affects

quality/amount of collected data

3 GREEN : working normally
e | BLUE ; information

DCART w1.4.000




RED = Requires Attention

DCART w1 . 206 (DESC connected since 2009, 05,11 (131} 04:54:37)
Dptions  Help

I T save Product rles: [IENE]  Sove Raw Fites:

EDNTED PROGSCHED Sounding Mode Built-In Test Channel Eq

izing : Tracker f_nllblmlu-l-l- HH He.:lie-r- P TD(:'N.S
AT PROGRAM #0004 operation: |Sounding Mode - | [Measurement | w

FREQGUENCY STEPPING SYSTEM SETTINGS

Fale

Action On-dine

Prog Timesia
Schad

SST

Fredq Stepping Law: Corrstam Gain: Tull gain (50 dB)

Lower Frag Limit:
Ugpnper Fraag Limit: 15

Tzl Auto Gain Control: [use existing gain table ot
0| [kHz]

Coarse Freg Stepe 2| %

Humbser of Fine Steps: 4 - Wi Forme 16-chip complenmeniany -
Fiwees Freq Steg S0 [kHz] Potarizations: O and ¥ |« | Antennas enabled: |1 :3 Izj=
Fimve Step Masttigdescing: enmabiedd -

» | Hailio Siler = Spamckard Dblicpise Cormipastitie

RANGE SAMPLING DATA PROCESSING

Start Range: B0 w | [km] Final Processing Step: lonogram Calculation -
Mammiber of Samples: 512 - = RFIM in FPGA Data Reduction
Imter-Pulse Period: v audo 2 | Chasnme] EG Clear data below MPA

Wiew Process Chain

PULSE INTEGHRATION QOUTPUT FILES

4 Save raw Tibe

Humbrer of Integr ated Repeats; v | Sarve product Tike

Interpulse Phase Swichinge adisabied - RSF |-

Show Acthve PROGSCHED Actrrate changes Sine as active Fila: Prinstaliation NewWer sions DC AR T Nexion NMEXKHIN _v1.0DCD

% 12000.05.11 14:17:41 || | cran oue: ]
] | v packet
| P out: 4 ket

DEST Wer SO e L1}

s 11} Rig

. HIK b 1_3

FSW Ereors: 2

| Bad Packets: 1
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RED = Requires Attention

= P06 (DESC connected since 200905, 11 (1313 04:54:37)
System ve  Oplions Heip
4 4 - Info b Product Files: B0 S
configuration = e =2 Promics rhas

HED Sounding Mode Built-in Test ouralizing Tracker Cafibration ader LP TOOLS
error = ——

AT A

DDA operation Sou : :-- |Measurement :-- View Design Error

Digisonde will display ’

All programs will send EEZ =]

data but will not raw data for storage — slaaad =
(huge!)

el This program has a
L= e design error

] Radio Silert = Stamchard

RANGE SAMPLING DATA PROCESSING
St Raange: i\ Final Processing Step: lonadg am Catculation

will be made if you ——
walk away DESC had some errors ) Clear data below MPA
Check the log

| in FPGA Data Redusction

Ciamey
LAl =}

:"ga;inamﬂl'f !

~Oparations wih

Rensme Copy [ m bbb oniieny

Hurnirer o

Irsta FPants
- v I e

;Slmw Acthes PROGSCHE peatix Changes Sinen &5 ACRG - P Neslon NEXEIN _vi1.0C0

= o 7 < AT PREOG packel: proog 1
"H 2009, 1 14:17:41 t'[c“u“”" Ceived RCE from STATE DIAG packet Event Iog has an

| PM ouniz S : == =
= = T received RCEH from STERT PROG pockst
cesc il 300 SOl in: m g
2 e 0 ici. ccut v pecker: 2007.04722 0721 €rror message
HIK bz
STATH m t21:F0.406: received BOE fram PH packet
F5W Ervoars:

07=21:53.600; *** ERROR: ProgSched is &
D(_“.A RT =SS | Baa Packets: 5 rogSohed is empty “I
- — - = PE e e ; ‘i
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Planning Measurements

Design of Programs

Design of Schedules

Design of Schedule Start Times
Design of Campaigns
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Program

* Programs are usually measurements that produce
science data: lonogram, Drift / Skymap

* Program Operation

, Built-In Test, Channel Equalizing, Tracker
Calibration, NoOp

, Internal Loopback, HW Test P.
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Program Example

Save Product Data:

—

inTest 1 | Channel izi | Tracker calibration : | HKHEADER 1 |

EDITED PROGSCHED  |[=TITHT T TR LT R Buil

| Ttle  [Timestamp| Author | 4| }
BT iG ! PROGRAM #002 operatio

FREQUENCY STEPPING

|Sounding Mode = | |Measurement - |

SYSTEM SETTINGS

Freq Stepping Law: Constant G:

FULL GRIN Tracker(9) and Antenna Switch(0)

Lower Freq Limit:
Upper Freq Limit:
Coarse Freq Step:

Auto Gain Contri

use existing gain table

Rx Gain: [FULL GAIN-18dB

Number of Fine Steps: Wave Form: 16-chip complementary

lemp |
|CCEQ _:2013 07.... IG Fine Freq Ste| |
G Day  2013.07... IG Fine Step Multiplexing: |enabled

f2ls]

Polarizations: |0andX |+ : Antennas enabled: :‘,

2013.07... 16 [ Radio Silent | ® Standard | Oblique | ) Compatible
! Total frequer 5 62
|13 [Tracker .. 2013.07 g
Em 4 Empb{ | I RANGE SAMPLING DATA PROCESSING
[Bde DAy 1-29 due, Start Range: |80 [v] RFIM lonogram Calculation Iv;
Number of Samples: 512 [ CCEQ Data Reduction
| Inter-Pulse Period: [+ aurt Z [¥ Clear data below MPA
Range coverags 80 to 1357.5 / max 1493 km | View Process Chai 2-frequency PGH (5 kHz)

A PULSE INTEGRATION OUTPUT FILES
ename | Copy 3 Clear |
it I F I werity Number of Integrated Repeats: ‘4 ave product data ["]Save raw data
Interpulse Phase Switching: ‘enahlad - | L
Show Active PROGSCHED \ 'lm:tlvate changasJ File: copy of Active PROGSCHED
= TIE U I LY U EU T T T CLEAT Wy Al e Ty =

| X 12014.05.16 19:03:05

2014.05.16 19:02:56.905: Hew D:\DPSMATH\AUX2DPS\AUTOFREQ.REM file has bheen set as an AutodriftMessage. I~

2014.05.16 19:02:36.9053: sent AUTO DRIFT MSG packet: 2014.03.16 19:00:00.000,
37?5km, 7500kHz, 105km, 2400kHz

2014.05.16 19:02:56.921: acknowledged command Auto-drift Message

2014.05.16 19:02:57.405: sent PM packet: 2014.05.16 19:02:57.000

STATE
$24P34

IGF 2@14
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Digisonde Schedules

* Digisonde Schedule = repetitive sequence of
measurement programs repeated forever

* Concept of “x-ITL”
— DITL = Day In The Life
— WITL = Week In The Life
— 15MITL = 15 Minutes In The Li
— OITL = Orbit In The Life
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Schedule Example

Save Product Data:

| Tracker calibration

| HKHEADER

In Test | Channel Equalizing

| ndd | [msert | | Delete | | Shifttimes | | changeP# | [ Clone

SCHEDULE #003 e[

Auto 30|s [ o/ ms [lasap

[] Duration: |

mments

PO02 Day Mormal lanogram
PO04 F Day Normal Skymap
PO01 BIT

012 empty

Rename | Copy

201107, |

010 CCEQ
P11 AG Day

Frequency, kHz

Clear W+——7 71 1 1 1 1 1 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

1 |

[ erify 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Schedule Offset Time, sec
;Tatal programs: 5/ Ourstion: 7 m 30 = f Packet's volume: 256 4758 KB / On-disk volume: 1,502 KE / Duty cycle: 3%

Show Active PROGSCHED | ‘antivate changes_‘

File: copy of Active PROGSCHED

X 12014.05.16 19:03:40

STATE:

s24P11

— TSN OP BT AT T O, — PO T2 U T T i T Ly 0 2 T T i Brs o1
{|2014.05.16 19:03:27.733: received PROGSCHED COUNTDOWN packet

|| Schedule# 21, 3 s left to programi 11 start

|| DESC time is 2014/05/16 19:03:27.735

—1|2019.05.16 19:03:28.295: Created dft file: D:\DPSMAIN\Dps2Rux\mhjd5_2014136190246.dLt
||2014.05.16 19:03:31.405: sent PM packet: 2014.05.16 19:03:31.000

L |

Bad Pckts:

IGF 2@14
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SST and SST Queue

DCART determines when to start a particular schedule
depending on rules set by the user.

SCHEDULE START TIME
— Time in UT when a certain schedule starts
— Good for day/night switching
— Good for campaigns
SST Queue
— List of SSTs in DESC (control software)

— When DESC is in the AUTO mode
* |ook at the earliest SST in the Queue
* when the time is right, start the schedu

* repeat
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chedule Start Time (SST)

File Action Tools Options Help

[s10p | Sy | T (oo | Save Product Data: Save Raw Data:

|| EDITED PROGSCHED |0 LSl Buil.inTest t | Channel Equalizing | | Tracker Calibration | | HKHEADER 1 |

Status: | 2 ruleis) ACCEPTED / MO CAMPAIGME [ 55T additions: ALTOMATIC
RULES CAMPAIGNS

! Sch 55024 5 min day(patrol 2)

weline of Edited Progsched——————————————————— o
30000

-
o
=

PR RN 11

Scheduls 024 Schedule 025 Schedule 024
TTTTTITT T T I T T T T T T T T e T T e T T T e T T e T T T T T T T e T T e T e T e T T T e T e T T T e T T T T T e T T T T T T T T T T T T I T T I T T I T T T T I T ITTTT

22h 23h Oh th 2h 3h 4 Sh 6h  Th  8h  9h 10h 11h 12h 13h  14h  15h 16h 17h  18h 19h 20h 21h
UT, min (2014.05.17 21 - 2014.05.18 21)

Duration: 24 h 10 m / Packet's volume: 61,294 MB / On-disk volume: 669,451 KB

Frequency, kHz

inutes Refresh every |_“_=1.§sec

§Sh0w Active PROGSCHED |nt:l'rvale changes | File: copy of Active PROGSCHED

IGF 2@14
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Campaign Mode

Status: 7 rule(s) ACCEPTED / NO CAMPAIGNS f SST additions: AUTOMATIC
RULES CAMPAIGNS
Sch |suu1nay5min |v||n_dd ins | S-::hl |v| | Add || Del || upd |

Rule [Day (-30rm,3h) | & |uml Del | [zooal01] 28] - [1 32800/ to [zooe|o1] 25 - |1 425 0ol

Sch Condition #* Start Time End Time
002 |Day -30rm,3h) oo

ooz
Default e

I £y 1 ‘rl
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ampaign Mode Exam

E DCART ¥1.5.1 Millstone Hill, model DPS-4D {DESC connected since 2014.05.16 19:54:28.486)

File Action Tools Options Help
[stop || sty | EETH R | 1o | Save Product Data: Save Raw Data:
Built-In Test 1 _Cllaunel Equalizing . -Tracker Calibration 1 HK HEADER '

EDITED PROGSCHED | Sounding Mode 1

| Prot

= _"séi'igd_’ Status: | 2 rule(s) ACCEPTED £ campalan request(s) ACTIVE / 55T additians: AUTOMATIC
| SST CAMPAIGNS

| Options

30000

-
&
=}

Frequency, kHz

Schedule 024 Scheduls 025 Schedule 024 | Eeh 006 Schedule 024

T T T T T T T T T e T T T T T T T T T T T T e T I T T T T T T Ce T T T T T T T T T T O T T T e T T T IO T T T T T T T T T T oo
2Zh  23h Oh 1h 2h 3h ah 5h 6h Th 8h 9h 10h 1h 12h 13h 140 15h 16h 17Th 18h 19 20h 21h

UT, min (2014.05.17 21 - 2014.05.18 21)

Duration: 24 h 10 m / Packet's volume: 59,329 MB { On-disk volume; 638,880 KB

[ ldays inutes Refresh every | 4/sec

nours |

iShow Active PROGSCHED | |Activate changes | File: copy of Active PROGSCHED

IGF 2@14
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Digisonde Day and Night Schedules

 We recommend different schedules for day
and night

* DAY: higher upper frequency, coarser
frequency stepping

* NIGHT: lower gain, lower upper frec
finer stepping, no E-layer dri
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| Note on Active vs Edited PROGSCHD -

* Progschd contains the descriptions of all
programs, schedules, SSTs, and campaigns

* User can make changes to programs, schedules,
sst without disrupting system operation

* This is accomplished by having two versions of
progsched; one on the Control platform &
other on Data platform

I Q
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The user can view the active hardware control

Activating Changes

acqgt

Control Platform but not make
changes : :
When editing programs and , commands | T
schedules the user is changing E p—— ’L

the edited progsched on the :

Data Platform e s i

Once editing of progsched is
complete remember to Control Platform
Activate Changes! (Active PROGSCHED)

progsched sent from the data  saJACE Cha
S e,

Data Platform
(Edited PROGSCHED)

-
...
------------------------------------------

I £y 1 ‘rl
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Interface showing Active PROGSCHED

|Rfﬂfé§ﬁ(—)—€§éﬁi§D nTest 1 i“(_iilanneﬁE_(iual ng 'i Tracker Calibration _| HKHEADER |

FREQUENCY STEPPING - SYSTEM SETTINGS

EFULL GRAIN Tracker(9) and Antenna Switch{0)

2ot |

S

- [20130..]ic
20130,
012 |AG Night|2013.0,

RANGE SAMPLING

015 |Day Mo..[2010.0..
018 |5-minute/2011.0.
017 |Day Mo...

i PULSE INTEGRATION

IGF 2@14
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Interface showing Edited PROGSCHED

Test t | Channel Equ 0t

. : -
# | Title  [Timestamp  Author |

K| P
T | ~"| PROGRAM #050 operation: Sounding hode

- FREQUENCY STEPPING

|Measurement

SYSTEM SETTINGS

045 |Nightlon.

Al I ; I T
046 |empty | ) Constant Gain;  FULL GAIN Tracker(9) and Antenna Switch(0) |- |
047 lem | | i . i I ==
048 iemply T T FiEd:SteppIng Law: |Imear Auto Gain Control: |use existing gain table : - |
= eﬂw— e Lower Freq Limit: | e T

Day Mor... |2013.08. =y I Rx Gaim: [FULL GRIN-24dB
Upper Freq Limit: h |
Coarse Freq Step: Wave Form: :1ﬁ-chip complementary | |
Number of Fine Steps: IAE Polarizations: EO and X : » | Antennas enabled: [1 I2 !3 §4]5
[] Radio Silent i® Standard | () Oblique | (' Compatible
Total freguencies 521 |

empty ~ RANGE SAMPLING DATA PROCESSING

B Eem_pt_\_f Start Range: EBI] [+¥] RFIM [¥]in FPGA |lonogram Calculation : -
058 |lempty | : — - 2
| | Number of Samples: 1512 [v] CcCEQ r Data Reduction
ch.. §2C|1 1.08.... ;GMK Inter-Pulse Period: 5 [¥] D-Spike [¥] ChipComp [¥] Clear data below MPA
Range coverags 80 to 1357.5/ max 1499 km View Process Chain

PULSE INTEGRATION

OUTPUT FILES

Rename

Info = Al ity Number of Integrated Repeats: [¥] Save product data [[]save raw data
Interpulse Phase Switching: |enabled FIMS | | IEumpnassetl x1

IGF 2@14
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Additional Tips

* Backup entire program and schedule definition file,
D:\Dispatch\Control\progsched < just copy the file

Be wary of using a single program in many schedules

[ ] [ ]
Usually | find it
[ ]

eaSIer to Copy a Schedule

ogram and use E
program and u
[ ] [ ] g 750
it in one or few

mnl; " 12 24 3‘6 ‘ : 60 72 84 " 9‘6 108 120 1:;2 ‘ 1;4 156 168 ‘13;0 I1!;2 " 264 " 21‘6 " 22‘8 ‘ 2I ' 2."52 IZI;4 ‘21"6 IZ!;S IJI;I'I
Schedule Offset Time, sec

S C h e d u I e S Total programs TIDurah‘U'rv.S m { Packet's volume: 227,414 KB / On-disk volume: 2, 713 KB / Duty cyole: 5%
IGF 2@14
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Advanced Interface Features

Programming and analysis of Cross-Channel Equalizing
(CCEQ) data,

Programming and analysis of Tracking Filter Calibration
data,

Direct hardware commanding,
Optional production of raw and derived products

Commanding of DESC into Diagnostic and Stan
for manual uploads, and

Manual production of SSTs

I Q
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BACKUP
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From HITL to x-ITL

* Digisonde 256, DPS-4: HITL
— Hour In The Life (HITL) is one schedule

— E.g., 4 times a hour
* Digisonde 4D: x-ITL
— Any-period-of-time In The Life (x-ITL)
— Inspired by IMAGE RPI mission planning
e Multiple programs run at irregular intervals

— E.g., SMITL is 5 minutes in the life — _
* Equivalent to 12 times an hour, only that ne copy of 5SMITL is

* Advantage becomes clearer whe
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DCART Schedule Editor

SCHEDULE #0002 e[|

with xITL

7.5MITL

| Add | | Insert | | Delete | | ClonE |

Auto [_| Duration: |

T| min |

20| s | ol ms [ ] ASAP

# Frodram ASARP | Gap, ms| Offset: min| sec | ms | Length: min| sec | ms Author CTomments
oo |PO0s PGH ion day 0 0 0 0 2 17| B30 Sl -
002 |FOOY E drift > 0 2 17| 630 0 40 990|115 [ =]
002 |FO0O4 F day 13280 3 0 0 1 21| 950Gl |
o044 \FPO11 BIT 120000 5] 21| 950 0 1 ==
nos |POZ2a CCEQ 170a0 5] 40 0 0 18 990Gk
FO27 AG day T 0 15

Frequency, kHz

rr r 1 1 1 r 1 1 1 §r 1T 1 1 ©T 1 1 ©T 1T T T 1
120 180 240 30

Schedule Offset Time, sec

H Tot=l programs: B F Duration: 7 m 30 = § Dats woluame: 2320860 kKB

or 2 14
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DCART Timeline Display

(" EDITED PROGSCHED [T Buitt-In Test |

———— Status: 2 rule(s) ACCEPTED f NO CAMPAIGHNS [ 55T additions: AUTOMATIC

RULES CAMPAIGNS

|~ | |Add ||Del ||upd |

 ECp— P 5

Sch (S002 Day 7.5 min

Rule [Day 30m,3h)

Timeﬁl 1e of Edited I;r-ugscimq-j-

30000

T50

1
Schedule 002
T T T

Frequency, kHz
F-
-\I
=
_ fu
“|
=
l

T T T T T T T T T T T T
11 12 13 14 15 16 7 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36 ar 38 39 40

UT, min (2009.01.26 18)
Total schedules: 1 ¢ Programs: 16 ¢ Duration: 30 m £ Data wolume: 1253361.9 kB
| Real-Time! | 0ldays |

Eillours !.__SQ;mil'lll‘lES Refresh every ! 4isec Programs |_SD Schedules |_SU

IGF 2@14
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[ EDITED PROGSCHED

- Sou

EASY SST SCENARIO

Status:

2 ruleis) ACCERFTED /MO CAMPAIGRS f SST additions: ALTOMATIC
RULES

- CAMPAIGNS

Sch [S001 Day 5 min |~ |[ada][ s | pel | [upd |
Rule [Day (-30m,3h) | @ |upd [ Det | |

142800
Bl Condition =

Dany =301, 3h)
Default

r Timeline of Edited Progsched

Frequency, kHz

30000
10000
T50

1
100

I

2
Schgdule 003
¥ T T ¥ T ¥ T

dule 002
T L T 3

| PR R P e
Zh 2 4

i
1
6

| Total schedules: 2 £ Program=: 32 / Duration: 1 h § Dats wvolume: 21137260 KB

iﬂReal-Time| Refresh

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 50 52 54 56 58
UT, min (2009.01.26 02 - 2009.01.26 03)
20090128 - [ozlloo] o zooallo 28] [+1n] [+14] I [ Zal
from |_2009.im!:__65_;@g;!@|;:_] to [2009)01 26| +1h;|+1t|i Programs | 50| Schedules | 50 [v]Text

Fh

Sch —-—- 3Start Time —--—- Condition|
00z Z00F_01_2z5 0F:52: 20 Rangs
002 Z00F_ 0126 0Z2:45:00 Defaule

IGF 2@14
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Replenishing SST Queue

e DCART calculates new SSTs

e Two main mechanisms to add SSTs to the Queue:

— RULE-BASED

* Define rule(s) for automatic SST generation
— E.g., day and night schedules

— CAMPAIGN

» Specify start and stop UT for a particular sche

PRIORITY OF CAMPAIGN IS HIGHER

I Q
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TWO USER MODES OF INTERFACE

(Abbreviated and Advanced)

e Conflict between
Too many flexibility and
usability

More e Two user modes

buttons

— Norma
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Queue Replenishing Modes

 BUILD FOR A TIME PERIOD
Enter start UT * REPLENISH AUTOMATICALLY

Enter stop UT — No need to type times

Push “Rebuild” button — DCART uses rules and
Get list of SSTs campaign times to prepare

Send all SSTs to DESC o213 ,
Shortly before the start time,

DESC makes them happen the SST is sent to DESC
DESC makes i '

I £y 1 ‘rl
XIV INTERNATIONAL GIRO FORUM - 20-23 MAY




Queue Replenishing Modes (2)

BUILD EOR A TIME PERIOB " REPLENISH AUTOMATICALLY

Rebuild SSTs — Display the timeline
Display the timeline — No manual correction of
Correct rule mistakes generated SSTs possible
manually Adjust rules or campaign

Send to DESC or save as a times
script Repeat
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