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Developing Robust Rocket
Test Software with LabVIEW

“NASA Grade” Software
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What does “NASA Grade” mean?

* NASA Grade is a metaphor, not yet another standard.



(@") Functional Requirements



(@") Functional Requirements

Hardware Process Interface



@  Hardware

What are we connecting to?

Channel Count

Signal Types ‘ —— ARG e d I

Data Rates

Industrial Protocols
OPC, Modbus, Profinet

Scaling
Filtering




©] Process
Walk us through it

« Step by step procedure
* Faults and Fallbacks
* User Input




@ Interface
Application IO

P&ID

Channel Naming
Manual Control
Multi-display

Data exports

Propulsion Test Cell A Engine Control
el | el o fuel_temp_1 - i fuel_temp_2
1
uel_supply A~ uel_cuto —rTr uel_main e
. O—x —-
fuel filter 1 ==
Liquid Oxygen Tank Control ox filter 1 ox main System State
S <257>
ank Press
- ] LOX Tank 1 ox_vent_p Fuel Inlet P
ENABLED —~o- e } OXInletP 248.30 Bar
Tank Setpoint tank_vent 253.18 Bar
target_temp_A
target_temp EEEEmR
——
tank_pressure_A
249.28 Bar turbine_speed
‘@K o_ 254 rpm

-

lox_supply
tank_press ox_pump_1
run data

2 noz_t N
EJ —
v 20 /AVA\/A\/A‘ target_t N
t get_temp
T 18
w
£ 16 /\/\,/\/\
K

14

34:45 34:48 34:50 34:53 34:55 34:58 35:00 35:03 35:05 35:08 35:10

Time

ox_pressure_21
251.23 Bar

52.21°C




Functional Requirements
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Who's Asking?




|:| Process Requirements

House rules



NASA Software

NASA Policy Assurance and

Directive Software Safety
Standard

NPR 7150.2D NASA Configuration Common
NASA Procedural and Data Weakness
Requirements Management Plan Enumeration

Classification

S
Safety Critical” A/C/D

*Dependency map simplified for readability



[] SDP

Software Development Plan

9000+ words
81 SWE Requirements

28 CWE Security
Policies

Signed & Tracked
Binding

& KK

Project Management

Project Roles
Developer Training
Timelines

Estimates

Budgets

Issue Tracking

Issue Workflow
Requirement Tracking
Audits and Oversight
Milestones

Configuration Management

Software Records

Branches and Repos
Source Code Control
Environmental Configuration
DevOps Infrastructure
Deployment Configuration

Software Design

System Architecture
COTs Software
Software Reusability
Sensitive Data

Threat Assessment
Software Classification

Development Standards

Performance Design
Data Segregation
Input Validation
Error Handling
Fail Safe Design
Coding principals
* LabVIEW Style
Security Checklists
* Low Level Memory
Access
* Network Communication
* Encryption
* File IO
+ System Commands
» Authentication
Unit Testing
» Code Coverage
Software Measurements
» Performance Metrics
+ Static Analysis

Verification and Validation

Deliverables
Peer Reviews

* Pull Requests

* Review Workflow

* Review Checklists
Integration Testing
Delivery Verification

» Verification Reports
Hardware In The Loop Testing



SDP

The process behind the process

Source Controlled
Generated

HTML & PDF
Integrated Metrics

Document Source is
controlled in GIT

rSt mmlp  Script.py

metrics

< c

# Software Development Plan

cation and

= Appendix C - Requirements Map
Requirement Types

Requirement Table

m Appendix C - Requirements Mz, X +

G Search Google or type a URL * 4 0O

# » Appendix C - Requirements Map View page source

Appendix C - Requirements Map

This table below maps topics required to be addressed in the SDP to the sections that

address them. This list of requirements is driven by SDP Requirements.

Requirement Types

SWE:  Soft Ware Engineering requirements defined in NASA NPR 7150.2D

CWE: Common Weakness Enumeration: design and security vulnerabilities defined
by on cwe.mitre.org. CWE citations in the SDP are the mitigations for each
weakness.

Requirement Table

109 of 109 Requirements Satisfied (100.0%)

Requirement

1D Requirement Topic JKI SDP Section
[SWE-013] Software Plans JKI Project Management
[SWE-015] Cost Estimation Software Estimate
[SWE-016] Software Schedule DASU Software Schedule
[SWE-017] Project and Software Training JKI Developer Training
[SWE-018] Software Activities Review Project Updates
[SWE-020] Software Classification Software Classification
[SWE-022] Software Assurance Verification and Validation Plan
[SWE-024] Plan Tracking DASU Project Tracking
[SWE-027] Use of Commercial, Government, Commercial Off the Shelf

and Legacy Software Software

Acquisition vs. Development DASU Acquisition vs.
Assessment Development Assessment

Link to requirement
source

[SWE-60]

Link to where in the

document each process
requirement is addressed



https://swehb.nasa.gov/display/SWEHBVD/SWE-060+-+Coding+Software

['] Issue Tracking

Status
Priorities
Roadmap
Releases

Users

« Developers
« Oversight

-ii' Jira ZCclickup ) Issues

Epics: Overarching features
Features: Things we need to add

D Defects: Unexpected behavior

Find the Goldilocks effort level



Requirements Tracking

=

Title: The software shall... N NEW Al |

Capability
Specification
|nte rface IN BACKLOG RECONCILIATION
Metric
Refences Sy

NOTIONALLY VERIFIED REJECTED

Status: In Work S VERIFIED
Verification Procedure: TBD
Bidirectional Traceability

COMPLETE




Reguirements Verification

Inspection Integration Test (sim / HIL)
7 Verify encryption algorithm meets specification L2 Verify DAQ timestamps match
7 Verify 95% Uptime L Verify Shutdown command stops the app
Unit Test Manual Procedure
CJ Verify C to F converter, converts 7.1.1 Close the Tare Utility Panel by clicking the X in the top right corner.
2 Verify a malformed config produces Error 5 e T sy sl s

7.1.2 In the Channel Tree panel click (Slot 4 Al>s4 ai 01)

a.Verify the Tare scaler now displays the updated Offset value.
OPass OFail

b.Record the s4 ai 01 offset
7.1.3. Select the Popped out plot and view the data.
a.Verify the graph now shows that the raw and scaled channels

are offset by the Tare offset value. [REQ-237] [REQ-272][REQ-236]
OPass OFail



https://jki-net.atlassian.net/browse/DREQ-3038
https://jki-net.atlassian.net/browse/DREQ-3045
https://jki-net.atlassian.net/browse/DREQ-3037

() Functional Requirements

I:I Process Requirements




Assurance Requirements



Assurance Requirements

Coding Standards
Code Review
Unit Testing
HIL Testing
Static Analysis
Performance
Measurements
Security Evaluation



El Coding Standards

* Quality Directive NEVER Break
e Code Smell

« Consistency
e Code Review
e Common tools

* Repeatability Guideline Do it when you can
« Templates
« Style Guide

Principal Only break if you have a good, documented reason

Tip Preferences and syntactic sugar




n Code Review

Developer Standards
Coding Style

Error Handling

Bugs

Performance
Readabillity
Documentation

B jki-net/ sg-core / Pull Request ® +

&« c

Create

0 Bitbucket

Your work  Pull requests  Repositories  Projects People  More

File tree ~

Comments (1 unresolved) v

+ O I | )
a Sam Kaley 2023-03-05
C au g ht a o remove breakpoint

| Bitbucket cannot
diff LabVIEW Files

Reply - Reopen - Unlike

"-'; Hunter Smith 2023-09-06

good catch, this method is not used any more, | am just going to deprecate it.

1 like - Create Jira issue

Reply - Edit - Delete - Like - Create Jira issue

O sinary file

Open file's diff

Wi can't show you the diff for this binary file here, but you can open the diff in a new tab instead.

Settings

Viewed

ct

43 of 199 files viewed
—

& bitbucketorg G, 2. =

':::{ Search

Details Files 99+  Activity

Lines updated

gitignore
B reaomemd

~ graphics/contrals

W

~

o -
infrastructure

o
Sl
lv_sre

v—Dx}

* T 0O w

00 @

+2126 -1509

Comment on

each file




Unit Testing
Part 1

* Define the expected
behavior

 Define, Assert

« Guarantee the interface

Function Under Test

string_to_dblvi (4815)

error if blank(‘l’] [5] ..........................
value if empty string (NalN]) [7]
string [11]
error in [10] =*

[3] double

Convert a string to a double,

Terminal Data Type
error if blank (T) (boolean (TRUE or FALSE))

[E[&]?] <

>

~

L

.unit-test.vi Block Diagram rev. 1 —

B [2] error out k

Project Operate

Tools Window Help

' g 95 war@ 7| 15ptApplication Font ~

Istring-tu:u-dhl.ui unit testl

Test Results

(User Interface)

CARAYA
o

|E|:|ual Wae T},rpejl 'H
Define test suite

Assertions
(Pass or Fail)

5 Caraya Unit Test Framework

File Action Export Test Results Help

Passed

0 Unknowns
0 Skipped
@ 2 Passed
€ 0 Failed
@ 0Errors

Tree  Report

=)(+) string-to-dblyi unit test
@ Read Pi
@ Mot a Mumber




Unit Testing
Part 2

Test Passing and

Failing cases

Dynamic Tests Names

Test Cases For Each Test Case

Verify Faults

Test Marne stringin - no err? dbl
empty string F WEL

Test Marne stringin - no err? dbl

Test Mame

whitespace F MNal =
string in
Repeatable teStS Test Marne stringin - no err? dbl i i dbl
Integer 1 no err? -
Test Marne stringin - no err? dbl
float 1.08976

Easy to expand

o |error out

Easy to add
test cases

Define the corners

I3 Caraya Unit Test Framewark - O bt

File Action Export Test Results Help

Tree  Report

() string.to_dbl_func.utest.vi A
@ empty string: Expected Error
@ empty string: " -> NalN
@ whitespace: Expected Error
@ whitespace: " " -> NaM
@ Integer: Mo Error
@ Integer "1" -> 1.000000
@ float: No Error
Passed @ float: "1.02976" -> 1.089760
@ negative number: No Error
@ negative number, "-1" -> -1.000000
@ 1a (bad): Expected Error
@ 1a (bad): "1a" -> NaN
@ number with trailing whitespace (PASS) : No Error
@ number with trailing whitespace (PASS): "9 " - 9.000000
@ Megative float : No Error
@ Megative float: "-3.1415" -> -3,141500
@ Nal: No Error
@ Mah: "MaN" -= NaN
@ lowercase nan: No Error
@ lowercase nan: "nan" -> Nahl
@ Inf: No Error
@ Inf:"Inf" -= Inf
@ -Inf: Mo Error




Unit Testing

Part 3
LabVIEW Style for

» Subsystem testing tests may differ

Test Channel Editing within a Channel Map

3. Create 4, Atternpt to add 3. Add the f. Replace the
7 [1. Get Test Channel]  [2. Delete the phase 1 scaler| conflicting the conflicting conflicting scaler Channel in the map | =
L e q u e n Ce a ru ntl I I l e phase 2 scaler cscaler (with replace = Trug) | |(with replace = True) 7. Save the map to disk
Test chan 01 T [ P —

behavior step by step e e

poly |

® Ve rlfy n O m I n al b e h aVI O r IChanneI Lookup| IDeIe Scaler 1
and fauts B

Scaler Collision

0 0000000000000 000000000000000000000000020 0}

O00 0000000000000 00000000000000000000000000000000000000 ¢}

Verify code generates

a specific error Performance
Metrics



/

98.36% Statements 1ss0/1800  93.92% Branches 726/773  100% Functions 2ee/266  99.73% Lines 1s16/1821 37 statements, 21 branches Ignored

0 Code Coverage

Line True False Exec| C:\rktracer\share\rktracer-examples\c\makefile\
#include "prime.h"

File ~ Statements Branches Functions Lines
t express/ I 100% 141 100% 0/0 100% 0/0 100% 111
m e aS u re yo u r e S S express/examples/auth/ I 93.75% 75/80 80.77% 21/26 100% 1717 100% 7171
OGRS I SUMMARY Function coverage Line coverage Statement coverage Multicondition coverage
P nples/cooki ions/ LN source file prime.c LEIVSCI  100.00%  0.00%  36.37% 36.36%  50.00% 50.00%  42.11% 57.89%
express/examples/cookies/ | W Functions 1 Covered 1 4 6 8
expressiexamples/downloads/ [ Instrumented 3/2/22 0:55 Partial 3
) — Merged 2/2/2219:25 Missed 0 4 6 1
S Dlad el 1] 3/2/22 0:55 Total 1 1 12 19
1

 How much code are you

.
n & > | rkdown/ |
te Stl N R YAl int isprime(long value) {
D express/examples/multi-router/ ] int dividend;
express/examples/multi-router/controllers/ | value = ABS(value);
I .
express/examples/mvc/ if (value < 4 || value == 5 || value == 7) { N
p . return value ? 1 : I;
p mples/r ain/ I
} else if (value % 2 == 8) {
P nples/mve/controllers/pet/ | return @;
1 i
- mples/mvc/controll pet/ I |
p nples / — for (dividend = 3; dividend <= value/dividend; dividend+=2) {
express/examples/mva/lib/ — return 8;
}
}
o

["Case 1", Default <P What % of the
| diagram was
o executed?

Waveform Graph
FDEL]

Seleckor 1




J-Test i
a ester 0 + u BlthCket Download Reports

Caraya + Test Results+ Code Coverage

Build Artifacts

Kl / ... / Pipelines

/AN /\ \/{

» Code Coverage s e m— __ A AN

Ir main

L ArtlfaCt H and I | ng 3 Learn more about reports

e o &
© 13min 46 sac 3 days ago a

Discovering Tests

- . 110 Caraya Test VIs discovered (96.3879s)
PIthF‘IE O Q 30 total test VIs ignored due to regex
Starting Tests!
Testing Complete 278.526s

° Caraya Unit Tests

6m 545 « 1774 tests passed » A

J-Crawler Static Analysis 372 Tests
1m 305 = » 1774 Test Assertions

ALL 1774 PASSED

Test Duration: 278.526s

Test Report: test-results.xml

Know what
IS and IS NOT 779 /2856 VIs measured

. 75 VI's exempt from code coverage.
be'”g teSted Mean coverage: 24.85%

Coverage Report: coverage-report.csv




Integration
Testing

together now

Requires a Framework to Instantiate :
Framework spins up System

the Object Under Test

then runs each tests

n io_coo sad.itest.vi Block Diagram on star-goat - das.vproj/My Comp >
File Edit ° Operate  Tools Window Help
‘@ ¥ wo @ 7 | 15ptApplicationFont ~ | §o+ o @b lag
"
* Test whole subsystems
C d
* data paths ., ennects
ubSystem 5
¢ error handllng Strict ctlr_comm =2 connected to ctlr IE% IEUK'PTDC import with no Eferl
¢ Interfaces errn:ur-:uut
w
star-goat - das.vpro)/My Computer <€ USlng Caraya to >

Capture Results

 T.I.E Test Modes
 Client

nTIF__mam‘vi

STAR-GOAT Test Integration Engine

Test Type 2 Caraya Unit Test Framework - m] X
® O n tro e r ~ sg-combined A A AN File Action Export TestResults Help
J T N O N TSR U Y
finiti A A O O T TR M Y Tree  Report
- Test Definitions A/ IRV YRV =T "
o T e e ) TIE.interface.lvclassitest.setup
I V = = = () TIEsg-client-ctirlvclassicreate
das-command-hud_das.itest.ini STAR'GO‘?T . =) Ctrl - Init
io_coordinator.das_com-check.itest.ini Tes I"tig;aél‘j" Freine ‘. o contoller initialized : No Erer
. - - R (T-I.E.) @ network comms established
» Client (dev) + Exe
@ ctlr.error initialize : No Error
A It = .
e efault Test Unknown 51(%) das-default.sg-clientxml
Test Type: sg-combined B CI'E”t_' Init i
Test Names: (run all) & Wait for Connection : No Error
Coverage Report Path: C:\Users\hunter\Documen @ connected to controller
Test Report Path: C:\Users‘\hunter\Documents\L| @ Take Control : Mo Error
- Ext exe name: @ ctir_system.command.status.read : No Error
Test Cases ("": a") Mo Pre-Load VIs & Assert Equal Value Variant
Repo Root: Ci\code\sg-das @& ctlr_system.command.status.read : No Error
@& ctir Version: 20.0.1f1
Tests Loaded @ ctlrerror initialize : No Error
1 system groups (%) das-demol.sg-manifest.ini
1 total test groups [ (+) TE.sg-client.velass:ctir_manifest.load.vi
3 total test cases [] Show Only Failures @ manifest: export_to_controller
ctlr_comm.das_status_read.itest.vi @ manifest import_from_controller
das-command-hud.das_capture-run.itest.vi @ manifest hash match
. io_coordinator.das_com-check.itest.vi 0 Unknowns [ (%) Client - Start
Runnlng“‘ € ctirstart : No Errar
-------------------------- 0 Skipped
P Running Tests...
‘,' d 0 & & 15 Passed
Loading System Definition 1: @ 1 Failed
@ 0Errors
~




Run Tests on
hardware

\*\ HIL Testing

Real 10

Run on window ClI Bl

g n ctlr.ic_manager.zet_valuetictest.vi Block Diagram on star-geat - das.lvprej/My ... - 4 >

Deploy to RT targets File Edit View Project Operate Tools Window Help El:.

D& 0 Y 95 wo @ 7| 15pt Application Font v | 3ov o £ 4L P

TIE.ctir [EET] << !
: 5 Design tests to work
Loopback testing with real hardware
.chnm.cl?%@rn - J—Eadualval
External Testing T || S

DongOding star-goat - das.vproj/My Computer < 3




Test Like You Fly

Integration
Unit Test Dev Test Test HIL Flight

LI . I N B

T
Comon 2



M Static Analysis

Never miss a broken VI

Catch Mistakes

Enforce Standards

Audit Style

Automatic Fixes

Static Analysis




p J-Crawler

Static Analysis Utility
Load Items

Load dir, class, Ivproj - =

Broken

(14 7 .
un “Rules
DebuggingCn
LibHierarchy
MNofutoError
I SeparateCompiledCode
IX - SizeOnDisk

ViSize

Type Path Broken | CodeComplexity | SeparateCompiledCode | DebuggingOn | LibHierarchy | NoAutoError | SizeOnDisk | VISi

ruleset: PullRequest

Beta Avallable Soon

Tags




7 J-Crawler 4|+ © Bitbucket
Cl Static Analysis

Pipelines Build Artifacts 'Cl ':-’1.:‘ [ ] @

Discovering Items...

Discovered 5,693 Items: (36.9s)

* Check on every commit o et Download
) _ 831 LabVIEW Controls FQ rtE;
228 LabVIEW Classes EEF)()
3 Markdown Files

ReqUIre paSS to merge I# main | | 30 CSV Files

33 ini Files

[3 Learn more about reports 27 XiL Files What’s in this Repo?

9 TDMS Files

Easy to read results © T3mindbec (3 days ago

CRAWLING. ..

CRAWL Complete 455s

Easy configuration
) Pipeline
¢ AIIOW IISt 22,774 Total Results

i ot Results by State
i C
> RUIesetS 0 Cara}a UI‘II_FTE'bt_. 21,845 Passed Results
T + 1744 test F. 164 Skipped Results

16 Failed Results
748 Info Results

® H eI prI ArtlfaCtS J-Crawler Static Analysis * Frroned Resuits

Results by Rule
(Times are unfolded parallel execution so may excede run time)
Broken : 4910 Passed, 141 Skipped, 6 Failed (25.8s)
DebuggingOn : 4216 Passed, 2 Failed (18.5s)

LibHierarchy : 3463 Passed, 7 Failed, 748 Info (21.0s)
NoAutoError : 4214 Passed, 4 Skipped (20.3s)
SeparateCompiledCode : 5042 Passed, 19 Ski

Require Passing FATLURES
Tests to Merge

8m 155 » 2

See the Error in your
Email

lv_src\client\client-common\lib\lookup.vi :: LibHierarchy :: Mispalaced
1v_src\common\1lib\j-console\filter_verb.vi :: LibHierarchy :: Mispalaced
1lv_src\common\lib\j-scale\agent\scale.vi :: DebuggingOn :: (Disabled)
1lv_src\common\lib\j-scale\channel\scale.vi :: DebuggingOn :: (Disabled)
1v_src\common\lib\name.validate.vi :: SeparateCompiledCode :: (Not Seperated)




Security
Audit with J-Crawler

* |dentify every use

« Security Checklist
File IO
Network Communication
Authentication
OS Commands
Memory

v (F cwe-cwe-s: mproper Meut X +

c 23

Qv

Home

cwe.mitre.org/data/definitions/78

Common Weakness Enumeration

A community-developed list of SW & HW wealknesses that can become

vulnerabilities

About V¥ CWE List ¥ Mapping V¥

Top-N Lists ¥ Community ¥

* O 04w

New to CWE?

Start here!

I

News ¥ Search

CWE-78: Improper Neutralization of Special Elements used in an OS
Command ('OS Command Injection’)

Weakness ID: 78
Vulnerability Mapping: ALLOWED
Abstraction: Base

View customized information: ( Conceptual J (Operational] ( rgs;’:ﬂ‘? J ( Complete] ( Custom J

| ¥ Description

The product constructs all or part of an OS command using externally-influenced input from an upstream
component, but it does not neutralize or incorrectly neutralizes special elements that could modify the intended
OS command when it is sent to a downstream component.

¥ Extended Description

This could allow attackers to execute unexpected, dangerous commands directly on the operating system. This
weakness can lead to a vulnerability in environments in which the attacker does not have direct access to the
operating system, such as in web applications. Alternately, if the weakness occurs in a privileged program, it

File Edit View Project Operate Teols Window Help
o & I % 25 4o @ ot | 15pt Application Font

Em" TISIE' @b" 1"&

7
Search J\\ | f? %

task namel@ Hrmenne il

error inllE K

E Mo Error 't

Find the Tasklist line that matches

Example censole return

DAS-Acg-5W.exe

10112 Console 1 313632K

task found

+)+hs+ K|

|\5+ (vd+ s+ s+ (N, ]
]

I%}...........fo und?

F3Z]|Process ID

i F—

FERE] |
CIr, K|
E

n-t
' | s

#SCL-04 Systemn Exex

Command is hardcoded no way to inject

star-goat - das.vproj/My Computer <

4 MEmary usag

S — ¥Eat|error out

Under Development




Automate with CI/CD

) . Results
0 m Gﬂlb “ B'thCket “GltLab & Artifacts

Self-Hosted Windows Runner




> JKI / ... / Pipelines Build Artifacts

® #1740 L
TARAY A FARAY
AV U U U W P U U Y
¢ ebe99a2 Merged in bugfix/JDEV-283-threshold- AN LU W R L VA T T WA
alert-performance (pull request #91) Bugfix/... ; ] NN NS
is sdp -
custom: All : STAR-GOAT

Test Integration

9 Bugfix/JDEV-283 threshold alert performance
[B Learn more about reports

© 1hr 8min 0 sec 19 hours ago

[FEI

Arguments
Name: TIE-Controller-Bitbucket
Test Type: sg-ctlr

- o L

Test Names: (run all)
Coverage Report Path: C:\rnr\pipe\temp\89b9bba7-8bc9-58e8-a537-
81857 cfd3+98\1715894834878\build\test-reports\tie-ctlr-coverage-report.csv

[ LT S R ) E | R S LS R 5]

[=-]

Pipeline ¢ Q

0 J-Crawler StaticAnaIysis 5 Test Report Path: C:‘Zrnr\pipe\temp\@9b9bba7-8bc9-58e8-a537-
12m 585 + A 81857cfd3+98\1715894834878\build\test-reports\test-report.xml
30 Ext exe name:
31 No Pre-Load VIs
() Caraya Unit Tests 32 Repo Root: C:\rnri\pipe\temp\@9b9bba7-8bcg-58e8-a537-
10m 565 + 3319 tests passed « 2 81057 cfd3f98\1715894834878\build

3

]
3:
34

o T.L.E - Controller Tests Loaded

7m 115 « 32 tests passed « A2

L

2 system groups

L o

[=2]

3 total test groups

w
=

6 total test cases

[7%)
[=-]

aux-proc.nominal_launch.tietest.vi

o T.LLE - Client

8m 175 » 10 tests passed + 2

w
vs)

ctlr.io.opc_ua.close opc.tietest.vi
ctlr.io.opc_ua.open_opc.tietest.vi
ctlr.io.opc_ua.set_value.tietest.vi

o T.ILE - Combined

8m 33s + 38 tests passed + A ctlr.io_manager.get_io list.tietest.vi
o 525 * >0 Lesls pPasse .

io manager.set_value.tietest.vi

0 Build Star Goat Client
17m 455 » A il Running Tests...

. Loading System Definition 1:
0 Build Star Goat Controller

10m 30 » aux-proc.sg-client.xml : 1 Test Groups
Om 30s

Loading Ctlr Manifest: TIE-aux-proc.sg-manifest.ini
Groups Complete (8.128s)
o Build Process Flow VIPC 2 Loading System Definition 2:

1m 455 « » E default.sg-client.xml : 2 Test Groups
Loading Ctlr Manifest: TIE-configOPC-UA.sg-manifest.
Loading Ctlr Manifest: TIE-demol.sg-manifest.ini













STAR-GOAT

Sequential Tester for Aerospace Research

Ground & Operation Acceptance Testing



A\ Controller

Acquire
Scale
Calculate
Seqguence
Log

WIin/RT

)

STAR-GOAT

Configure in minutes

Configure
View
Control
Export

Drag and Drop configuration
DAQmMx (1-100kHz)

OPC UA

Customizable multi-step scaling
Calculated channels

View Live Data

Multi-viewer support
Tables, Pop out plots
Savable workspaces
User customizable diagrams

Deterministic Control

1ms sequencing
Plugin control loops
PID / FFT / Bang Bang ...



STAR-GOAT

1O
« DAQMX
« OPC UA

Scaling, taring (zeroing)
Raw & Scaled Data
Calculated Channels
Control Loops

« PID

« FFT
 Bang Bang

-.EB. jki-demo.sg-manifest.ini *

~ _Mame

|O Configuration

Signal

DAS Client

® [
A

Physical Channel

Caption

connected not synced

Category Units s

=4y Al
Q; io_dagmx_proxy
L7l io_control_loop
io_calculated
io_virtual
1=, io_hilscher_cifx
Br i0_opc_ua
=P AD
2% io_dagms_proxy
I71 io_control_loop
io_calculated

= Calulations
+' tank 1temp median
7 Tank Bang Bang Control
3 OPC UAA
] Slot 4 Als
i L. /i tank 1 pressure
4 tank 1temp a
4 tank 1temp b
+'tank 1temp ¢
+') tank inlet temperature
+ tank outlet temperature

io_virtual 4 54 ai_006
%=, 10_hilscher_cifx 4 54 ai_007
Br i0_opc_ua + Slot5 Als
=¥ DI = Slot7 DOs
B io_daqmy_proxy [P tank inletvalve
L1 io_contral_loop [ tank outlet valve
io_calculated [P tank vent valve
io_virtual [P alarm light red
1=, io_hilscher_cifx ﬂ: alerm light yelloy
B i0_opc_ua [P 57 do_005
= Jp DO T 57 da_o06
B io_daqrmx_proxy B 57 do_no7 10
I io_control_loop v [P 57 do_003
< < g
Al io_dagmx_prexy: tank 1 pressure 3
Name 7
10 COI'Ifig. tank 1 pressure 1 o &
] =
physical channel E 5
PXI15latd/ai0 < 4
ai_voltage_config
3
analog config -
max signal input terminal configuration 2
0[5 = | Default
min signal 1
A
0
13:51:46.898
resolution | Auto
CTLR: initialized C/V: commander

STARG(jAT

Al

Do
Do
Do
Do

ASVASYA

13:51:50.000

Sequence:

calc/al

{1Slotd/ail
PXI1Slotd/ai1
PXI1Slotd/ai2
PXI1Slotdfai3
PXI1Slotdfaid
PXI1Slotdfais
PHI1Slotd/aia
PHI1Slotdfai7

PXI1Slot7iportDflined
PXI1Slot7iport0fline
PXI1Slot7/port0/line2
PXI1Slot7/port0/line3

13:51:52.000 13:51:54.000 13:51:56.000
Time
none loaded Log: off

1

3

52:00.000

+wEll:

s4 ai_006
s4 ai_006_raw B
s4 ai_007

v \ s4 ai 007 raw

13:52:02.000 13:52:04.000 13:52:06.8

history (min) 1

I Load Seq.

Jki.net/star-goat



Pagelsyout  Formulas

T e R 1 o chc

u #Subseq 1
% Check 1 o 60 A0 18-0 -4 1 [
Subseq_1 step 1 o do 80 ays e
Subseq_1 step 2 1 do 80
Subseq_1 Step 3 z do B0 hannel to Value
9 Subseq 1 Step 4 3 ldoB0 | hannel to Value
10 Subseq_1 Step 5 n ldoB0 |  Alvays Set Channel to Value
11 [Subseq_1 Step 6 5 1 do 80 Alviays Set Channel to
L 12 Subseq 1 Step 7 0 do B0 A
13 Subseq_1 Step 8 7 do B0
14 Subseq_1 Step 9 ] do B-0 Alviays Set Channel to Value -
simple._vest seq ¥ . .
Ready (5 Accessibaty: ivestiate E : v 10m

STAR-GOAT DAS - Example Sequence

I
a
X

_ — 4
SubSequence Steps (o] Conditions Start Time End Time
Soaed Sequence IE__ Light Virtual Out_D01: 1 _I -—
Sequence Name Elapsed Time Subseq time Efet-ff"i Cw”tduw"l e — 1005 -
otfire open pre valve s7 do_001: s 055
Examp‘e SEQUEI’ICE 00.00 sec 00.00 sec Hotfire open lox valve s7 do_002: 1 1.05s 1.59s
16 steps Hotfire open fuel valve 57 do_003: 1 1.55s 2s
3 . Hotfire Step 1 Wirtuzl Out_DD1: 1 2s 3s
. . . Active Conditions Hotfire step 2 Virtual Out_00T: 2 3 %
Igh precision Qutput Comel M MR Subseuence —
(G) System_Abort Sec| 1.00 1.00 true if in bounds Abort Hotfire step 4 Virtual Out_001: 4 55 10s
. (G) Virtual Out_002 | 500.00 Inf true if in bounds Abort Hotfire Shutdown-prep Virtual Out_00T: 5 10s 15
Hoftfire End 155
C O n t rO | — 1 I I l S re S O I u tl O n Safe close_lox_valve Wirtual Out_0DD1: 0 Os 2s
close_fuel_valve s7 do_002: 0
set_analeg_channel s7 do_001: 0
Safe close_other_valve 57 do_003: 0 2s
Abort set analog s7 do_003: 0 Os 1s
turn on fire suppression 57 do_002: 0
close lox valve 57 do_007: 1
" " N N close fuel valve Virtual Out_DD1: 3.14
d t I t Abort wee-000 57 do_00<: 1 1s 2s
Conditional monitoring :

and branching

10 Config.

Automated / Manual Abort

Abort Status

Tripped abort conditions
Channel Min Bound  Max Bound Rule Channel value (most recent)

autoscroll ¥

Excel (csv) based config

Pre-Fire
Hotfire |
Safe
Abort —

! CTLR: connected C/V: commander Sequence: idle Log: off
STARGOAT data_log file prefix:
jki.net/star-goat




STAR-GOAT

View & Command any channel
“Codeless” user diagrams
Edit / Reload at runtime

Multi-screen viewing

Reload at

Runtime

Sequence

10 Config.

A\

STARGOAT

BANG BANG NUMERICGRID PID ENGINE TEST

STAR-GOAT

Time

34:45 34:48 34:50 34:53 34:55 34:58 35:.00 35:03 35:05 35:08 35:10

Propulsion Test Cell A Engine Control
fuel_temp_1 fuel_temp_2
fuel_supply fuel_cutoff fuel_main
255.13°C 256.11 °C
o - O—X -
fuel filter 1 g
Liquid Oxygen Tank Control ox filter 1 ox main System State
ok b <257>
ank Press
‘ 100 LOX Tank 1 ox_vent_p Fuel Inlet P
ENABLED L _') OX Inlet P
Tank Setpoint 80~ tank_vent 253.18 Bar
= target_temp_A
target_temp
250.25°C
o
tank_pressure_A
249.28 Bar turbine_speed
20-
: 254 rpm
. —O— -
0- lox_supply
tank_press ox_pump_1 ox_pressure_21
A ——
251.23 Bar
run data
22
© P . — - noz_t N
h i Y
g 0 \--,__,,-/ \-.__/”' \‘-\ 4,// target_temp /N Nozzle Temp
E 18 52.21°C
a L AT
£ /—\\ P ™ ~
ki 16 \/ \_// \\_/ //_,1\
14

View Project Operate

>E® ONn g e

DGRAM
1

CTLR: connected

C/V: viewer Sequence:

none loaded

Log: off

W Take Control

<

»O6L ||LOX Tank 1
E Noz_temperature
[E5iE]|system State
boolean 2
[(051% cham_p
engineﬁcolur
fuel_cutoff
Efuel_inlet_pressure
fuel_main
fuel_supply
[Efuel_tf:mp_‘l
@fuel_tempj
ch_supply
ox main
E ox_inlet_pressure
[(osiH ox_pressure_21
ox_pumpj
E ox_vent_p
tank_press
[COFE ¥ tank_pressure_A
mtank_setpoint
tank_vent
Etarg et_temp
(551 ¥target_temp_A
Eturbine_speed
@Chal‘t v

>

Jki.net/star-goat



STAR-GOAT

Hardware Process Interface



jKl | Products

c kM

STAR-GOAT  VIPM PRO J-Builder J-Tester J-Crawler Pegasus
Package Manager App Builder Unit Testing Static Analysis Test Executive

Cl/CD Suite



SHIELD
TEST |
SOFTWARE




Hunter Smith
Staff Software Engineer
hunter@jki.net

STAR-GOAT Inquires
star-goat@jki.net

Jki.net/star-goat

Tarek Safwan
Sales Account Executive
tarek@jki.net

Steve Summers
steve.summers@ni.com
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@ Functional Requirements

=T
-

=%| Assurance Requirements

Process Requirements

His el rulias

&  Hardware
What are we connecing fa?

+ Channel Count
+ Signal Typas
« Data Rates
« Industrial Protocals
» OPC, Modous, Profnet
* Scaling
« Filtaring

Automate with CI/CD

© K -

E‘ O Bithucket W GitLab

Y J-Crawler
Stat Analyis Ltiity

+ Load dir, class, lvpraj
+ [Run “Rulas”

= Ausdit

= [Fix!

=+ [Beta Available Soan

] SDP

Thi proscass biind this procass

+ Source Cantralled
* Grneraied

* HTML & PDF

= lnbagrabed Malrics

+ O000+ wards
+ 81 SWE Raquirements

= 2B CWE Sacurity
Policies

- Signad & Trackad
- Binding

jKI | Products

RLECE

A

STAR-GOAT

A Chent Ulis) _Cenfiguweinmnutes
e -

Niew Lee Doty

Leterminsic Control
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