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The Customer Avionics Interface Dewelopment and Analysis (CAIDA) Lab supports
the testing of the Launch Control System (LCS), NASA’s command and control system for
the Space Launch System (SLS), Orion Multi-Purpose Crew Vehicle (MPCV), andground
support equipment. The objectives of the year-long internship were to support day-to-day
operations of the CAIDA Lab, create prelaunch and tracking displays for Orion’s
Exploration Flight Test 1 (EFT-1), and create a program to automate the creation of
displays for SLS and MPCYV to be used by CAIDA and the Record and Playback Subsystem

(RPS).
Nomenclature

CAIDA = Customer Avionics Interface Development and Analysis
CEV = Crew Exploration Vehicle
Cul = Compact Unique Identifier
DEM = Data Exchange Message
EFT-1 = Exploration Flight Test 1
Eng.Unit = Converted unit (volts, feet, etc.)
GUI = Graphical User Interface
ICPS = Interim Cryogenic Propulsion Stage
IEEE = Institute of Electrical and Electronics Engineers
KSC = Kennedy Space Center
LAS = Launch Abort System
LCC = Launch Control Center
LCS = Launch Control System
MPCV = Multi-Purpose Crew Vehicle
NASA = National Aeronautics and Space Administration
NIC = Network Interface Card
NIFS = NASA Internships, Fellowships, and Scholarships
PCM = Pulse-Code Modulation
Raw Count = Value read directly from transducer
RPS = Record and Playback Subsystem
SLS = Space Launch System
SOCRRATES = Software Only CEV Risk Reduction Analysis and Test Engineering Simulator
VALFAC = Validation Facility
VCTE = VALFAC Common Test Environment
XTCE = XML Telemetry and Command Exchange

I. Introduction

he CAIDA Lab is responsible for sending telemetry to LCS to test their Orion MPCV gateway and displays.
The gateway processes the raw telemetry into datafor the flight controllers. There are three ways CAIDA can
send telemetry: MPCVEFT-1 brass board flight computers, the Software Only CEV Risk Reduction Analysis and
Test Engineering Simulator (SOCRRATES) Orion simulator, and playbacks. The flight computers are similar to the
ones that wentup on EFT-1except they are notradiation hardened; commands can be sent through Honeywell’s

! Undergraduate Student, Department of Aerospace Engineering, lowa State University

NASA KSC Page 1 July 27, 2015


https://en.wikipedia.org/wiki/Institute_of_Electrical_and_Electronics_Engineers

NASA NIFS — Internship Final Report

Validation Facility (VALFAC) Common Test Environment (VCTE) Host Computer to two Time-Triggered
(Gigabit) Ethernet Network Interface Cards (NICs), to the flight computers. Thisis not a closed loop simulation, so
for example if a valve is opened or closed there would be no pressure changes. SOCRRATES, an all software
MPCV simulator, can be used to sendtelemetry to LCS; the software simulator in SOCRRATES has much higher
fidelity than the VCTE and can run scenariossuch as launch, prelaunch, and orbit. SOCRRATES was utilized for
testingdisplays in preparation for EFT-1. The last way CAIDA sendstelemetry is through playbacks sent through
DEWESoft. DEWESoft is a programused heavily by CAIDAandthe Recordand Playback Subsystem (RPS) and
can be used to easily view telemetry and to play back telemetry files from simulations or when the vehicle was
powered up.

I supported the lab in its day-to-day operations including troubleshooting SOCRRATES, patching cables in the
Honeywell rack to send telemetry to the correct customer, and troubleshooting with DEWESoft to ensure the
customer was receiving the correct data.

I also created two displays used by RPS and CAIDA to view the progress of EFT-1. One would monitor the
countdown procedures fromwhen the flight computers were turned on to liftoff. The other display would receive
latitude, longitude, altitude, and mission phase fromwhen Launch Abort System (LAS) shroud separation occurred
to splashdown and track the spacecraft around the Earth.

The main use for DEWESoft in CAIDA and RPS is to viewtelemetry. To view telemetry using DEWESoft, a
setup must first be created using the information in the XML Telemetry and Command Exchange (XTCE), the user
must input into DEWESoft the location of the Compact Unique Identifier (CUI)/measurement in the telemetry
stream (start byte, start bit, length in bits, Data Exchange Message (DEM)), the data type (IEEE float, signed
integer, or unsigned integer), and the raw count to engineering unit conversion polynomial or enumerations if
applicable. Thenthe user can createa display by selectinga widget and selecting theassociated CUI in the menu for
each desired CUI. This is an easy task fora handful of CUIs but with displays thatcan have hundreds of CUIs, it is
not efficient to search the XTCEand manually create the setup. To solve this problem, Justin Ruscoe and Samuel
Harris created two programs. One programwould parsethroughthe Orion XTCEand create a SQLite database, and
the otherwould read the data fromthe database and create a DEWESoft setup for the CUIs and DEMs provided by
the user. The major shortcomings of these programs are that they did not support CUIs from the SLS XTCE and did
not support raw count to engineering unit conversion polynomials greater than one degree.

1. Operations

A. Day-To-Day Operations

In orderto support LCS, CAIDA usestheflight computers, SOCRRATES, and playbacks . Theflight computers
can be used for performance testing of the LCS gateway. The gateway will look at each CUI coming off of the
spacecraft in raw counts, if the value ofthe CUI changes the gateway will process the CUIs, if it hasn’t the CUI will
be ignored. To test thegateway, the values forthousands of CUIs are changed to stress the systemand see how
many changes the systemcan handle. l assisted in running these scripts and similar scripts, ensuring that data was
successfully flowing from the Honeywell Test Bench to the correct customer, viewing the telemetry through
DEWESoft fromthe test benchto ensure the correctscript was running, and troubleshooting connectivity issues on
CAIDA’s side ofthe wire. With SOCRRATES, similar troubleshootingwas needed. lalso created scripts that would
send commands to the SOCRRATES simulation to view what CUIs are associated with that command. This was
usefulin creating andtesting the prelaunch EFT-1display. My mentorand | also troubleshot SOCRRATES’ “long
prelaunch” scenario because the rocket was not in launch configuration when the rocket was supposed to launch and
therefore would not simulate the launch. To troubleshoot we created a script that would send all the necessary
commands to the rocket in order for it to be in launch configuration.

B. EFT-1 Displays

I made DEWESoft displays in order to monitor the progress of the prelaunch countdown and tracking of the
vehicle in orbit for CAIDA and RPS. The prelaunch countdown display was created using a timeline of the
countdown provided by Lockheed Martin. In the timeline it showed what scripts would be run and at what times.
These scriptswould send a command and then look for a response froman associated CUI. | was able to use an
editorwithin SOCRRATES to send commands to the SOCRRATES simulation and view the changes made to the
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CUIs using DEWESoft. Thegreenbuttons open that particular sub display so the user can look at that event in
greater detail. Figure 1 shows the main prelaunch display.

The second DEWESoft display | created was used to track the spacecraft across the ground using latitude,
longitude, and altitude sent fromthe Orion capsule after LAS shroud separation. We were also able to get video
coming off of the spacecraft. It was an extremely satisfying experienceto seethe capsule was passing overa country
on the map and then looking at thevideoto seethe country. Figure 2 shows a picture | took as the spacecraft was
passing over Puerto Rico as one of the members on the launch team was from Puerto Rico.
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Figure 1. DEWESoft prelaunch display
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Figure 2. DEWESoft on orhit display with live video from spacecraft (not part of display)
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C. Automated Creation of DEWESoft Setup

The first step to automating the creation of DEWESoft setups is parsing out the XTCE and creating a SQLite
database for all the information associated with each CUI. The major improvement over the databases created
previously is thatthe new databases support both Orion and SLS. A major difference between the SLS and Orion
XTCE is that some SLS CUIs have multiple raw count to engineering unit conversion polynomials depending onthe
raw count, similarly SLS also uses linear splines where the raw count and engineering unit at certain points are
given and theuser must interpolatein between. Other minor improvements were made such as the inclusion of the
enumeration data type. The enumeration datatype hasa list of strings associated with integers, a common example
would be 0is “Off” and 1 is “On”.

To viewthe old databases Samuel Harris and Justin Ruscoe created a SQLite GUI so the user could view what
was in the database withouthaving to knowthe command promptcommands. I made it so it could read both the new
database and the old database.

Samuel Harris and Justin Ruscoecreated an XML generator for DEWESoft that would create a setup if the user
gavealistof CUIs and Content IDs. DEWESoft setups and displays are saved as XML files, so what their program
did was create the DEWESoft XML line by line. I redesigned mostofthe programand added features, other waysto
create the setup as requested by the customer, and a way to update and add to existing displays. The new XML
generator | created supports multiple streams, meaning it can now simultaneously support both SLS and Orion
displays. The user can input the SQLite database, a text file containingall of the Content IDs to be used (figure 3),
and text files containing lists of CUIs to be used (figure 4). There are four options to creating a setup: create a setup
for all the ContentIDs in the database for each CUI in the CUI file provided by the user, create a setup for all the
Content IDs in the Content ID file provided by the user associated with each CUI in the CUI file, create a setup
where the userselects individually which Content IDs to include for each CUI, and create a setup for all CUls in
each Content IDin the list of Content IDs (figure 5). The enumerationdata type is now included in the programso
that the userno longer hasto look throughthe XTCEto find the strings associated with each integer value for that
datatype. One of the major problems with the previous automated setups was that only one degree raw count to
engineering unit conversion polynomials were included because DEWESoft can only apply a factor and offset
directly to the CUI (figure 9). To get past this, with CUIs that have greater than one degree polynomials a math
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13003 | poSviitossons SAin setupsand add to setups while preserving the display. When
1e0s | ISE?&EEB%S{% a new XTCE comes out, where each CUI is located in the
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automatically populated to save user time where the

Figure 3 Content Figure 4 CUIs g e oo
IDs provided by oroviced by the defaults are read from text files in the main “User Files
the user user
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folder (figure 6), the outputfile name and location can be specified by the user (figure 7), and documentation and
shared files suchas thedatabase files are in the same folder so there is no need for duplicate copies that take up

space. Forthe ease oftheuser I created away to install the programontothe computerso when there is an update,
the previous installed program will be overwritten.
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Orion CUIs will be
created in Stream 0, SLS
CUIs will be created in
Stream 1, and Stream 2
is not used

The Orion database used is called
“QOrion.db”, the SLS databaseused is
called ”SLS.db”, ICPS is not used.
The databases are located in
“Databases and XTCEs” folder

Name of file to be created. Path canbe
changed with “File” menu (see images
below)

When checked, enumerations will be
added to that CUI’s “Discrete Display”
design widget

r
\
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DEWESoft setup willbe updated, if not
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I All CIDs in DB for l CIDs in File for SelectCIDsfrom | | All CUINn DB for and offset
ClUls mlFiIe Cllls i’ File DB for CUls in file CIQsi File

<= Frconds since 1/6/1980/ 17 Leap Days siee 1/6/1980:

Resull¥ / \ \ \

Fotm ing oufput string.. \__ A )

bt g}g;tu;wﬁ'a- When checked, an Orion Time math
Filefsuccessf 3 channel will be added for active Content
OfonDEWESoftxi

Button creates DEWESoft setup for all
Content IDs in the databaseassociated
with each CUI provided in CUI list by
the user

Button creates DEWESoft setup for all
Content IDs in the Content ID list provided
by userassociated with each CUI provided
in CUI list by the user

The results text shows what the program is
doing and will display errors. The text
from the results is written to a file in the
“Setup Logs” folder
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in them and DEM time will be added for
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Figure 5 DEWESoft Setup Generator

Number of leap seconds
and days since 1/6/1980,
used for DEM Time and
Orion Time

Page 6

each DEM

Button creates DEWESoft setup by taking
all ContentIDs in Content ID list provided
by the user and creating a setup for each
CUI in that Content ID fromthe database

Button creates DEWESoft setup by
allowing the user to select the desired
Content IDs for each CUI one at a time.
The Content IDs are provided by the
database and CUIs are from list of CUIs
provided by the user
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File | About File | About
User Files Stream 1 [ Stream 2 Open b User Files Stream 1 [ Stream 2
S Content IDs Content IDs
b Defaults 4 Databases Default Defaults » [ sis
Paths 4 Input Files Default Paths 4 DEWESoft Path
Database Qutput Files Default Database Output File Path
COrion Orion
Leap Time Default
Orion.db Orion.db
5LS SLS
SLS.db SLS.db

Figure 6 Easy access tofile specifying
defaults

Figure 7 Easy access to files specifying
paths to DEWESoft and the output file

Stream 0 setupwas created with Orion CUIs using Addedtogetherin math channel to get DEM Time

the “All Content IDs for Database for Each CUI in
file” button

DEWESoft - Setup: OrionDEWESoft.xml Eror || NoADhardware | = T %
Analyze Setup files Ch. setup Measure & Help \_y Settings
1 §2 b % [+ 1]
ol ] et - ] ﬁ e 0 f_&% (] %
Save as File details Storing Analog GPS Alarms  Chapter 10 Ethernet receiver
Streams | = | =
Filter chains Channels
e Lol
EXP. CHAN ONJOFF C SETUP |«
L
S -
aE T D-Time({fractions)_10 Setup
01 Used CID-Time(sec)_10553 Setup
iz ] - OCAVSWINGCX00IEY _10553 -
- i Used Content ID 10723 Setup
10 Used CID-Time(fractions)_10723 Setup
11 o CID-Time(sec)_10723 Setup
L2 A @XPDZDDHV_ID?B_RAW setup
- 2 Used - Content ID 10 Setup
26 ] - CID-Time(fractions)_10732 -
2a - - CID-Time(sec)_10732 See
2z ] - OCAVSWINGCXOO0IEY _10732 -
- 3 Used - Content ID 10756 Setup
. n o B co-Time(fractions)_10756 . -
CUI with “RAW? at end indicates that polynomial
is greater than one degree which is not currently
supported by DEWESoft. This is solved with the
creation of a math channel.
Figure 8 Stream 0: Orion
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The XML Generator populates the first textboxwith the CUI name
and Content ID, the second textboxwith the short description, and
the third textboxwith the engineering unit type

Data format is always “Motorola”, Data
type can be “Unsigned”, “Signed”, or
“IEEE Float” and are set by program

.| Channel setup

RPEIT2420011IT_10

Channel name

Str B SectE Zone 14 hydrazine

nits;:DegreeFahrenheit{de

e —————
Units
Color
Al |
e — e
Min value Auto Max value Auto Start byte

Start bit
Length [bits]

Default rekolution 0
Value: 0

L= L R OO PRI UK

DEC | [Asch [ Cear | [ Freeze | |<[] b

d

For the raw count to engineering unit polynomial if there is only a
factorand offset, it will be applied to the CUI itself, if there are more

coefficients, it will be applied in a math channel

Start byte, start bit, and length in bits are found with generator

Figure 9 Channel Setup
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DEM_Time (seconds, minutes, hours, days)
and DEM_Time_Year (year) are created

Math channel created with name of CUI and
Content ID

DEWESoft - Setup: OrionDEWESoft.xml

Formula of math channel. The XML Generator
supports multiple coefficients, multiple raw
countto engineering unit polynomials (SLS),
and splines (SLS)

| No A/D hardware |- B x

Error
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W_lime_Year_, a1 277
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Used = XP2_Transponder_carrier_power [Undefined or Uncalibrated(N/A)] Setup
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-TET Z.001ES
z H| Formula CAVCTIKPD2001MV_12284_RAW"0.0+-0.054"0CAVCTIXPD2001M_12284_RAW™1.0+0.0037*
Used |8 AT o NP2 _Transponder Carmier PoWer Br Uncalibratea(M/A] Setup
———TET 2.001E3
@ 2% Formula -113.6"0CAVCTIPD20011V_1237. 12375_RAW™1.0+0.0087*0CAVCTE
Used = XP2_Transponder_carrier_power [Undefined or Uncalibrated({MNiA) Setup
. OCAVCTIXPD2001M_12375 X
-TET 2.001ES
Ak 2% Formula -113.6*0CAVCTIPD2001V_13665_RAW™0.0+-0.054*0CAVCTIKAD20011V_13665_RAW™1.0+0.0087*0CAVCTH
Used = XP2_Transponder_carrier_power [Undefined dr Uncalibrated(N/A)] Setup
OCAVCTIXPD2001MN_13665
-TET 2.001ES
@ % Formula ((OCAVSWICDHX001FZ_11095-17 N85400)+6
Used = } ) Orion_Time.loc [units:Days, Hours, Minuted, Seconds] Setup
Orien_Time_11085
Formula tphnc(2015+((OCAVSWICDHX001FZ_11095-1104105616) / 31536000))
Used = . ) Orion_Time.loc [units:Years] Setup
Orion_Time_Year_110
1781
@ Formula ((OCAVSWICDHX001FZ_11115-17¥86400)+6
Used = . ) Orien_Time.loc [units:Days, Hours, Minutes, Setup
Orion_Time_11115 B

Orion_Time (seconds, minutes, hours, days)
and Orion_Time_Year (year) are created

Figure 10 Math

NASA KSC Page 9

Short description and engineering unit type

July 27, 2015



NASA NIFS — Internship Final Report

I11. Conclusion

The work of previous internsand of myself regarding DEW ESoft setups should significantly reduce the amount
of time it takes to create setups for CAIDA and RPS. These programs now support both SLS and Orion and are far
more comprehensive thantheywere previously . However, the programs do not support the use of ICPS telemetry
but placeholders have been put in place in the event CAIDA or RPS will use ICPS. ICPS was not included in this
version because the telemetry will come down as PCM whereas SLS and MPCV telemetry is Ethernet. The work
with regard to EFT-1 helped RPS track the progress of the countdown and mission. RPS was one ofthe few mission
critical systems fromthe LCC involved with EFT-1. The assisting in the day-to-day operations in the lab helped
reduce workload for my mentor and assured CAIDA could still run routine work if he was gone.
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