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[bookmark: _GoBack]The Launch Control System (LCS) is an integral part of the Space Launch System (SLS) as it responds and sends instructions to both the vehicle and ground systems. This semester, the focus has been on the development of assurance tests for the Graphical User Interface (GUI) software components of the LCS. This will help ensure that the system software functions as intended. This paper describes the goals, procedures, and results of this process as well as lessons learned that may be useful for future interns working on similar projects.
Nomenclature
LCS	=	Launch Control System
GUI	= 	Graphical User Interface
SLS	=	Space Launch System
IDE	=	Integrated Development Environment
GUI	=	Graphical User Interface
SCCS	=	Spaceport Command and Control System
SLS	=	Space Launch System
GSE	=	Ground Support Equipment
DWL	=	Development Workstation Linux
NAMS	=	NASA Access Management System 
SSH	=	Secure Shell

I. Introduction
The American public eagerly awaits the launch of the Artemis I and II missions. Artemis I will send an unmanned spacecraft around the moon next year while Artemis II will support a manned lunar flyby test. All the NASA space centers are hard at work in preparation of the goals of the Artemis program: landing the first woman and next man on the moon and establishing precedent for further exploration beyond the moon. Teams of engineers across the country pool their skills in pursuit of the advancement of humanity. For such a large-scale project, years of work have already been spent on the various engineering systems that will be supporting this mission. One such system that has been in development for years, the Spaceport Command and Control System (SCCS), is the mechanism by which an engineer in the firing room is able to control all pre-launch and launch operations associated with the Space Launch System (SLS) and its associated ground support systems. Since the system is mature, the current focus has shifted from development of new software to testing and verification of the existing systems. This paper therefore describes some of the verification effort that occurred during the fall 2020 semester for the Launch Control System (LCS) component of the SCCS.
LCS consists of the set of networked computer, servers, and workstations that monitor and process measurements coming from the SLS and Ground Support Equipment (GSE). The LCS servers generate and share messages internally and send commands out to the various flight and ground support components. These measurements, messages, and commands are the data that the LCS processes. Measurements can be variables like temperatures, pressures, current, voltage, RPM (rotations per minute), or binary things like on/off, open/closed, wet/dry, or enabled/disabled. Messages are internal to the LCS and are used by servers to pass information to each other. Commands can also be variable, but unlike measurements, commands are sent, whereas measurements are received.
II. Goals and Objectives
The goal of this project focuses on further development of acceptance tests with an automated testing framework to ensure full test coverage to assure anomalies will be found and corrected prior to launch execution. In more specific terms, this overarching theme has yielded the following more specific goals:
A. Complete training to obtain an in-depth understanding of the system architecture used in the launch control system and the software tools used in the process of software development, e.g. source control, window forwarding, Integrated Development Environments (IDE), etc.
B. Obtain the development accounts and access permissions necessary to perform any software development.
C. Setup the programming environment necessary for software development
D. Develop integration, system, and acceptance tests to ensure software quality; fix any bugs that arise in this process.
E. Submit and perform code reviews in collaboration with fellow engineers. 

In summation:  My work this semester aims to ensure that as many software components of the launch control system are exhaustively tested to ensure their proper functioning upon execution in the actual launch.

III. Approach
This section summarizes the steps I took to achieve the goals stated above. Subsections address each of the goals / objectives in addition to any challenges I faced or lessons I learned. This paper will likely serve as a useful example for future interns as they seek to setup their environment 
1. Initial Training
In preparation for the internship, I started training prior to the start so that things would go smoothly, and productivity would be accelerated. These trainings include:
· [bookmark: _Hlk55369755]Cybersecurity and Sensitive Unclassified Information Awareness Training
· COVID-19 Safe at Work Training for KSC
· Telework Training for Employees
· NASA NE Rules of Behavior
· KSC SLS Limited Rights Training
· KSC IT Security Pre-Briefing
· Federal Records 101
With these prerequisites completed, as soon as my NASA work laptop arrived in the mail, I was ready to telework and receive training on more technical matters. After I received an overview of the entire SCCS and all the necessary access permissions (as a teleworking intern without a Smartcard, this took extra time), I was ready to set up my Development Workstation Linux (DWL).
Accounts and Permissions
For the most part, the permissions and accounts requests through NASA Access Management System (NAMS) had already been in progress by the start of my internship. As such, the only account that I had to wait for at the beginning of the internship was my Development Workstation Linux (DWL) access. 
All programming work took place on a remote Unix-based development workstation. After I received my development account and credentials, the first step was to gain access to my DWL through the Secure Shell (SSH) protocol using the native PowerShell terminal on Windows. This connection alone, however, was insufficient for my work, as acceptance tests with the LCS dashboard require a GUI. Thus, I worked on setting up a window forwarding program that provides the user with the server’s desktop remotely on the client machine. The three main technical tools essential for developing tests that I needed to familiarize myself with were: A configuration and control repository and two different IDEs. The version control system used in this project is a GUI-based system that allows for different versions of projects to be managed and tracked for better productivity. The two IDEs each have an individual purpose with. One IDE was used for writing automated tests and the other for development of the actual codebase.
With the source control software, I was able to clone the code repository onto my DWL. After compiling the code on my development workstation, I could use the executable to launch the dashboard that is used on the consoles in the firing room. I then used this configuration to run both existing and newly developed automated tests. Running tests that were already developed gave me insight into the process of writing these tests and helped familiarize myself with how the tests should behave and allowed me to expand on this and develop additional tests.
Tests that I worked on
The user interface portion of the Launch Control System allows users to issue any command to the system, for example the limits of numeric measurement unique identifiers. The focus of my tests was therefore to ensure that the limits set worked for every possible data type:
· Int32: 32-bit integer
· Int64: 64-bit integer
· Uint32: 32-bit unsigned integer
· Uint64: 64-bit unsigned integer
· Real64: 64-bit floating point
· Enum: Enumeration
The general algorithm that each test underwent is as follows:
1. Launch the dashboard and open the software that allows modification of unique identifier limits.
2. Enter in specific bounds as specified in the test.
3. Ensure that proper bounds do not lead to errors, e.g. if the maximum is less than the minimum, then that’s an error.
4. Check that the command is acknowledged.
5. Screenshot the result and then close everything.

Tests for enumerations differed from those for numeric types. Tests for numeric types consisted solely of argument lists whereas enumeration tests had value mappings in addition to an argument. As such, I created my own automated testing framework resource files to address these different formats. This involved diving into the source code to identify how to acquire the value mappings when running tests. Finally, to make the code extensible for other similar enumeration tests, I had to refactor this code so that it could be useful and applicable for any arbitrary test for the enumeration type within the package that is used to modify limits.
Code Reviews
For a large-scale project like SCCS, clean code attention to detail is essential even for assurance tests. Tests are divided mainly into two different types of files: automated test and resource files. The former contains the test cases themselves whereas the latter contains reusable functions that can be called upon and used in automated test development. As such, code reviews with the rest of the team helped me evaluate whether I have made the right design decisions in writing my test. Code reviews also exposed any flaws in my logic or a more efficient way of writing the test. The following summarizes the sorts of revisions I made to my code:
· Ensure that lines remain within some fixed width so that they maintain readability by not drifting off the screen
· Omission of commented out code
· Updates of copyright dates
· Update for documentation; prior documentation had reflected an earlier format where one measurement unique identifier was tested per automated test file whereas the new format tests multiple unique identifiers per test file.
· Use named constants rather than hard-coded literals for quantities like the maximum or minimum value of a data type, e.g. 64-bit integer, 32-bit unsigned integer, etc.
Code reviews took a few iterations, but the process was certainly very rewarding as it provided professional feedback for proper coding practices.
IV. Conclusion
In summary, this semester’s work on the engineering console software for LCS has yielded an excellent experience in code quality assurance through testing and reviews of these tests under construction. Exhaustive testing minimizes the risk of accidents or failures in SLS launch, thereby potentially saving both hardware and human lives. Throughout this process, I encountered several obstacles related to both logistical and technical problems, but I overcame all of them and learned a lot in the process.
Acknowledgments
 I’d like to express my sincerest gratitude to my mentors, Jill Giles, and Stephen Aument, for their support and advice throughout the course of my internship. In addition, I’d like to thank my technical mentor, Will Denis for his continued and constant support, along with the entire team, especially Sam Goff, for their support throughout the internship. Finally, a thank you to the education office, Kathleen Wilcox, and Gwendolyn Gamble, for the excellent organization and programming of this fall internship despite the difficulties from virtual work related to the onslaught of the COVID-19 pandemic throughout this past year.


NASA Kennedy Space Center	Page 1	03 November 2020
