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Purpose Zt

1. To present a ground system trending tool that is useful
to the RSC and may be useful to others

a) Either asis or,

b) With source code that can be site customized.

2. To present a case for small group development of in-
house software rather than using Commercial Off-the-
Shelf (COTS) software.

3. To present a few specialized database tricks,
algorithms, and design strategies.
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Topics e

e General Description.
e User Interface.

o Data Patterns and Access Patterns that allow for
specialized data management offering
significant advantages over general database
programs.

e Hardware Environment.

e Maintainability with Dynamic Requirements.

GSAW 2005 (slide 3 of 20) RSC Trending Tool: Design and Theory February 1, 2005



Input Data 7

Unique Vehicles: not constellations

Not Real-Time

GMT Time Series, Engineering Unit (EU) State of Health (SOH) data.
ASCIl, Comma Delimited.

Support 3 to 7 Satellites.

Each Satellite: 1 to 7 year Missions.

Each Satellite: Thousands of mnemonics each sampled as much as
tens of times per second (i.e. up to 1 trillion points for some vehicles).

Not all Mnemonics Sampled at the Same Rate.
Stored SOH (SSOH), Real-time SOH (RTSOH), etc.
One or More Input File Per Contact.

Time Interlaced Data on Successive Contacts.
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C/NOFS
Not yet Launched
FCT Data Used

2ok b
CloudSat

Not yet Launched
FCT Data Used

Not yet Launched

Coriolis Data not yet available

Operational
launched Jan, 2003
| STPSat-1
! Not yet Launched

i ~N A £
o
-

. Data not yet available
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Requirements 2

Short-Term Anomaly Resolution.

Long-Term Trend Analysis.

Reasonable Query Results in Interactive Time (seconds to minutes).
Support Simultaneous Users.

Simple, but Expandable Statistical Analysis.

Query Accumulated Statistical Results.

Interactive Graphing.

Export results to GIF, Excel, MatLab, etc.

Delete / Replace data by Contact and by Point.

All GUI functions and configurations must be savable to a script that
can be run automatically from a cron job on different date ranges.
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& RSC Trending Tool - Yersion 2005-01
File OuwtPut

IRON: | gsaw_2004 -

Administration Tab

|/ Guery Tool rStatisti[:al Database |/Deri'q.-'ed Mnemonics |/ System Monitor |/ Administration

N [ B3

Add Yehicle Delete Selected Vehicle
Yehicle Configuration
Add SOH Type SOH List: ggoy
RTSOH
Import Mnemaonic Definition File
RAID Allotment (MB): | 20000
Default Ingest Path: | ./ Trendlingests

Tape Staging Path: | ftapes
Default Data & Graph Output Path: |/
Default Query Script Path: | s

Allowed Ingest Dates: |2002-01-01 Through {days offset to current local): |5

Maximum Days in Single Ingest File: |7

Save
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System Monitor Tab ~F

£ rRsC Trending Tool - Version 2005-01 [ _ =] |
File OutPut
IRON: |gsaw_2004 -
r Query Tool rStatistical Database |/Deri1.-'ed Mnemonics |/ System Monitor |/ Administration
& Jzoo3
@ ol
e o8
& [J 07
@ 11
@ [Jsz0H
D 70.30_3T_01_EU0L. trend 2003-01-11 03:05 2003-01-11 0e: 3l
D 71.00_5T 01 _EU0L. trend 2003-01-11 02:10 2003-01-11 07: 36 FATD 2
D 73.20_aT _01_EU0L. trend 2003-01-11 08:07 20053-01-11 11:17% RATD ||
RAID Status
Total MB: 30,000 Used MB: |2, 630 Free MB: 27,370 r % used
RAID Management
Action: | View Selected Ingest - Apphy
Wiew Selected Ingest
Copy Selected Ingest{s) to Tape Directory
Ingest Restore IRON's Data from Tape Directory to RAID
Path: |Remove Selected Ingest(s) from RAID
Expunge Selected Ingestsi(s) from Databhase
Ingest Il =0T _oTr_CcoUT.oET — Check Syntax Onhy SS0H =
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& RSC Trending Tool - Yersion 2005-01 7.00_ST_01_EU01.irend

GT Al BAT 1 _WOLTAGE | BAT 2 WOLTAGE KGHSTCNT'KGHSTCN... SEMNDATHP. | SBRX A LS| SEBRX B LSS
2003-01-06 21:33:35.88. . 121224511 1212524 4145151 4320000 n -185.73149 -13.083133 -0+
2003-01-06 21:33:37.28.. 1.216363 1. 21673345 4145151 4320000 n -185.73149 13093133 -0
2003-01-06 21:33:38.68. . 1.22050145 1.2209603 4145151 4320000 n -185.73149 |-13.093133 -0
2003-01-06 21:33:40.08. . 1.22465148 12252045 4145151 4320000 1] -185.73149 |-13.093133 -0
2003-01-06 21:33:41 .48 1.22881349 122094663 4145151 4320000 n -185.73149 13093133 -0
2003-01-06 21:33:42 88 1.23300249 12337447 4145151 4320000 n -A3.17494 (3177157 -[]
2003-01-06 21:33:44 28 1.2372037 1.2380428 41445151 4320000 n -H8.17494 (3177157 -1
2003-01-06 21:33:45 68 1.2414214 12423576 4145151 4320000 1] -58.17494 (3177157 -1
2003-01-06 21:33:47.08.. 1. 2456563 12466902 4145151 4320000 n -63.17494 (3177157 -[]
2003-01-06 21:33:48.48. . 1.2494903 1.2510405 4145151 4320000 n -H8.17494 (3177157 -1
2003-01-06 21:33:49.88. . 1.25417649 1.2654086 41445151 4320000 n F0.125349 2T TE3IITE -0
2003-01-06 21:33:51.28. . 1.25846249 1. 2507448 4145151 4320000 1] TO125349 2TTEIITE -0
2003-01-06 21:33:52 68, 1.262TRA1 126414949 4145151 4320000 n FO.125349 2T TEIITE -0
2003-01-06 21:33:54 .08 1. 2670865 1. 2686212 4145151 4320000 n FO.125349 2T TEIZTE -0
2003-01-06 21:33:55.48... 1.2714243 1.2730614 4136201 4320000 1] F0.125349 2T TEI3TE -0
2003-01-06 21:33:56.88. . 1.2757704 127751498 4136201 4320000 n -186.10338 |46.203033  |-O
2003-01-06 21:33:58.28. . 1.2801517 12819964 4136201 4320000 n -186.10338 (46203033 -0
2003-01-06 21:33:59.68. . 1.2845417 12864913 4136201 4320000 n -186.10338 [46.203033 |0
2003-01-06 21:34:01.08... 1.288949 1.2910044 4136201 4320000 1] -186.10338 [46.203033 -0
2003-01-06 21:34:02. 48 1.203374 12955355 4136201 4320000 n -186.10338 |46.203033  |-O
2003-01-06 21:34:03.88. . 1.29781645 1.3000355 4136201 4320000 n -A7.80305 (FOA2769 -[]
2003-01-06 21:34:05.28. . 1.3022767 1.3046544 4136201 4320000 n -A7.80305  [FO42769 -1
2003-01-06 21:34:06.68... 1.30675445 1.3092413 4136201 4320000 1] -57.8030% [FO.42769 -1
2003-01-06 21:34:08.08.. 1.31125M 1.3133468 4136201 4320000 n -A7.80305  [F042769 -1
2003-01-06 21:34:09.48. 1.3157634 1.3184711 4136201 4320000 n -A7.80305 (FOA2769 -[]
2003-01-06 21:34:10.88.. 1.3202947 1.3231138 4136201 4320000 n FA.T0367 8886735 -1
2003-01-06 21:34:12.28. . 1.3248438 1. 3277744 4136201 4320000 1] TA.TO36T 2886735 -1
2003-01-06 21:34:13.68.. 1.32941049 1.3324555 4136201 4320000 n FH.T0367 2886735 -1
2003-01-06 21:34:15.08. . 1.33309549 1.33F715452 4136201 4320000 n FA.TO36T 2886735 -0
2003-01-06 21:34:16.48. . 1.3385499 1.3418734 4136201 4320000 1] FA.T0367 2886735 -0
2003-01-06 21:34:17.88... | 7| 4 | |515 i [ ]
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Query Tool Tab

£ RSC Trending Tool - Version 2005-01
File OQutPut

IROM: |gsaw 2004 b Errar: Upper Limit must be greater than Lower Limit.

r Query Tool r Statistical Database r Derived Mnemonics r System Monitor r Administration

S [=

~S0H
[¥] SSOH IRON Start Time: |2003-01-06 21:33:33.08186
¥ RTSOH IRON End Time: 2003-01-07 01:00:31.28188
Query Start Time: |2003-01-06 | |01:00:00.0 |
Query End Time: [2003-01-07 | [01:00:31.28189 |
Type First Letters of Mnemonic: Query Mnemonics:
BAT_1_WOLTAGE
EAT 2 WOLTAGE —'- :
—— BAT 2 VOLTAGE Filter Panel

ALlL_GSEACMD i Query Between Limits -
Al _GSEBCMD = L
AL KEYINDX I8 Limit{(s): =|-110 <(-10
AU_MSCTYPE i [_] Odd Point Median filter:
Al)_COFMODE
All_PDUSIDE ca _' Mo Additional Filter.
Al)_PDU_PWR

- - - e |0
AL_XBND_DR (@ Change only - Threshold (%) |0.5
BADWHL ) One sample eveny
EAT 1_TMP _
BAT 2 TP ) Sample every N'th point:
BAT_Mx_TMP | 1 MinMaxMean Interval:
EAT PRES A -
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Statistics Tab

| & rsC Trending Tool - Version 200501 HE 3 |
" File OQutPut
IRON: |gsaw 2004 b

r Query Tool |/5tatistit:al Database |/Derh.-'ed Mnemonics r System Monitor |/ Administration |

Query

| |21:00:33.08186 |

| [11:1719.66188 |

Type First Letters of Mnemonic: Query Mnemonics:
SBR¥_B LS
SBRX_B_LS SER¥_EBE S5 Query Start Time: |2EIIZI3-III1 -0
SBRA_A_LS Query End Time: |2003-01-11
SERX_A S5
B
<

Expunge Selected Sets

List of Statistical Data Sets for Selected Mnemonic:

-id 1 -start 2003-01-11 03:00:00.0 -end 2003-01-11 05:00:00.0 SBR¥_B_S5 -between -1000.0 1000.0 -stats 1.0 min
-id 2 -start 2003-01-11 03:00:00.0 -end 2003-01-11 06:00:00.0 SBRX¥_B_S5S -stats 1.0 min
-id 3 -start 2003-01-11 06:00:00.0 -end 2003-01-11 09:00:00.0 SBRX_B_S5 -stats 1.0 min
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Plot Window Zr

& Piot Window - RSC Trending Tool _[Ofx]
File Edit Wiew
BAT_1_VOLTAGE -stats 1.0 min —o
File Edit Yiew
g = il 825
BAT 1_VOLTAGE -between 0.0 10.0 = T
BAT 2 YOLTAGE -threshold 0.0 — 751
7281
9.0 704
6751
g0T F51
6261
70T B.0 . | . [ |
2003-01-06
60T 21:44:00 21:48:00 21:52:00 21:86:00 220000
(2003-01-06 21.52:30.0, B10B37ZRE7EA9709)
o0
4 07T
307
207
1071
0.0 1 ; I .
2003-01-06 2003-01-07
21:.00:00 22:00:00 23:00:00 0o0:00:00 1:.00:00
(2003-01-06 2302458 681858, £.936811923980713)
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i i A
Derived Mnhemonics Tab 7

& rsC Trending Tool - Version 2005-01 =) =] |
File OutPut
IRON: | gsaw_ 2004 - Errar: “a Mismatched Parentheses.

r CGuery Tool |/5’tatisti[:al Database |/ Derived Mnemonics |/ System Monitor |/ Administration

AVG_TEMP o

Enter algebraic expression of existing mnemonics and parameters.

AG_VOLTAGE = | S(BAT_1_VOLTAGE + BAT_2_WVOLTAGE

A Exponentiation:
iftis not an integer, and t<0, then
e = ([t
also, 00 = 1

[ »

Logical Operators:
< W<t 1 iftrue, 0if false
¥==t 1 iftrue, OIf false
K=t i true, O0f false
¥x=t 1 iftrue, OIf false
==t 1 iftrue, OIf false
<= W=t 1 iftrue, Oif false

I W WA
11l 1

-

Trigonometric Functions (in radians):

Clear Edit Fields
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Data and Access Patterns r

* No need for a Relational aspect to our database.

 Most mnemonics (both discrete and floating point) change value
much less frequently than sampled.

* Using Java’s ZipOutputStream() on Coriolis SOH data:

— Same data written by Columns compresses (on average) 5 times
more than when written by Rows.

» Saving disk space saves time: less disk reads, less network traffic.

 Each DB file (data from one contact) stored as a single ZIP archive
composed of a logical file per mnemonic

— Gives random access to data by mnemonic.

— Archive file is a “good” size (One physical file per mnemonic
creates too many inefficiently small files).
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Data Base File Structure Zr

* Index file:
— One file per day.
— Lists all ingested files that span the given day.
— Each record includes:
* Ingest ID
« Start and end time.
« SOH type
« Mnemonic set index.
» Storage Location (RAID, TAPE, BOTH).
— ASCII

 Exactly one DB file per ingest:
— Isolates damage from bad data.
— Directory: data\lIRON\YYYY\MM\DD\SOH_TYPE\
— File Name: IRON.YYYY-MM-DD.SOH_TYPE.INGEST _ID.trendDB
— Binary
— Mixed data types (float32, float64, int8, ...)
— Time saved as seconds offset from top-of-the-hour of start GMT.
— ZIP Archive of mnemonic logical files.
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Space & Time Results - Coriolis ~F

 Operational for 24 months.

« 760 mnemonics collected.

« SSOH: every 4 seconds.

« RTSOH: 10 times/sec for 6 to 8 contacts per day, each about 800 sec.
 Over 50 billion data points stored.

« 13 GB of storage required.

— Could be improved: Coriolis ingests each subsystem separately — making 17
copies of every Time value (low compression).

Query and Screen Plot for 7 Days of Coriolis Data

Points Time
A | 1 Mnemonic: no filters 608,784 3 sec
B | 6 Mnemonics, all same subsystem: no filters 3,652,704 | 24 sec
C | 6 Mnemonics, all different subsystems: no filters 3,652,704 | 28 sec
D | 6 Mnemonics, 1 point/minute 60,480 7 sec
E | 6 Mnemonics, min/max/mean over 1 minute interval 60,480 8 sec
F | 6 Mnemonics, min/max/mean over 1 hour interval 1,008 4 sec
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A
Hardware 1

Sun Fire 280 w/ two 900Mhz m
UltraSparc Ill processors, 2 GB RAM W

1 -7 Query Processes of 440 GB SOH DB

same or different vehicles 30 GB Stats DB
E 2 10 GB Admin

1 to 3 Ingest Processes of

different vehicles 40 GB

100 GB tmp
EtherNet 100 MBits/sec

/3 GB RAID 5

MUS

EU converted
SOH Data

Color 12GB 4mm
Printer DDS-3
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Maintainability r

All code in 100% Pure Java
Object Oriented Design

Full JavaDoc for all classes
JUnit Automated tests.

The most common extensions are expected to be to
Filters and Statistical Calculations.

— Each filter is a single method of the filter class. Some
efficiency was sacrificed for this modular design.

— All filters appear in the GUI in a separate, single
column Filter Panel. GUI space is reserved for
additions to the filter panel.
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Effort Zr

Y2 Engineer year: 3 Software Engineers
working part-time on this project
for two 3 month periods
separated by over a yeatr.

Lines of Code Time

(including comments)

GUI Classes 4178 40%
Database Classes |5719 30%
Plot Classes 3821 30%
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Dissemination ZF

The RSC Trending Tool
software Is the property of the
United States Air Force.

* Requests for a runtime package and/or source code should be
submitted to:

XAXXXXXXXX
XXXXXXXXX

Det 12 SMC, RSC
Kirtland AFB, MN

e Direct technical Questions to:
Joel Castellanos: joel.castellanos@kirtland.af.mil

GSAW 2005 (slide 20 of 20) RSC Trending Tool: Design and Theory February 1, 2005



