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ABSTRACT 
 

 

Tyler James Fink 

Department of Aerospace Engineering 

Texas A&M University 

 

       

Co-op Mentor: Hadi Tjandrasa 

L-3 STRATIS 

 

This paper outlines my co-op experience with L-3 STRATIS, a business segment of L-3 

Communications, at the Johnson Space Center over the Summer and Fall semesters of 2013. As a part 

of this experience, I worked with the On-Board Computer Systems group on the Training Systems for 

the 21
st
 Century project. The On-Board Computer Systems group is tasked with creating simulations of 

the Command & Data Handling operations aboard the International Space Station. Through the use of 

these simulations, along with those developed for other sub-systems on the station, astronauts and flight 

controllers are able to train for many different scenarios, increasing the probability of mission safety 

and success. 
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INTRODUCTION 
  

L-3 Communications is “a prime contractor in Command, Control, Communications, 

Intelligence, Surveillance and Reconnaissance (C3ISR) systems, platform and logistics solutions, 

and national security solutions” and is “a leading provider of a broad range of electronic systems 

used on military and commercial platforms.” [1] Founded in 1997, it is considered a fairly young 

company compared to other large defense contractors such as Lockheed Martin or The Boeing 

Company. However, in this short period of time, L-3 Communications has grown to be a “top ten 

defense contractor in the world” [1], with approximately 51,000 employees and over $13.1 

billion in sales in 2012. L-3 Communications is highly involved in the technological support of 

the Department of Defense, Homeland Security, and the Transportation Safety Administration 

through the development of ProVision and other scanning machines used to ensure the safety of 

the American public. The company is divided into four major components which outline the 

markets where L-3 Communications is involved. These markets are Command, Control, 

Communications, Intelligence, Surveillance, and Reconnaissance (C3ISR) systems, Electronic 

Systems (ES), Platform and Logistic Solutions (PL&S), and National Security Solutions (NSS). 

My employer, the STRATIS division, is a part of the National Security Solutions branch. NSS is 

known for possessing “specialized capabilities in support of government and commercial 

entities, focusing on the areas of high-performance computing, cybersecurity, analytics, 

intelligence, physical security and IT services and solutions.” [1] Working as a contractor for 

government projects, specifically with the National Aeronautics and Space Administration 

(NASA), L-3 STRATIS has become an integral part of the United States' space program. 
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During my summer/fall co-op, I worked for the L-3 STRATIS division based in Houston, 

Texas, which primarily supports NASA's Johnson Space Center (JSC). At L-3 STRATIS - 

Houston, there are nearly 100 employees. The majority of L-3 STRATIS employees work on-site 

at the Johnson Space Center on NASA-funded projects, while the remaining employees work 

remotely from home or from the main office. These projects are supported by a number of other 

companies in conjunction with L-3 STRATIS, including The Boeing Company, Lockheed-

Martin, Jacobs Engineering, and Odyssey Space Research. I contribute to the project known as 

Training Systems for the 21
st
 Century (TS 21). TS 21 “will provide simulation-based training for 

crew members, instructors, and flight controllers on the operation of MOD (Mission Operations 

Directorate) supported spacecraft including the International Space Station (ISS), Robotics, ISS 

Visiting Vehicles and other future NASA owned crew transport like MPCV (Multi-Purpose Crew 

Vehicle).” [2] The project contract was won by the ER-7 group of NASA (the Graphics and 

Simulation Branch of the Software, Robotics, and Simulation Division)  to develop the new 

training system. The primary goal of this project is to replace the costly, outdated training system 

currently in place at NASA JSC. The current Space Station Training Facility (SSTF) was 

developed many years ago, and thus uses outdated, inefficient, and difficult to maintain 

equipment and code. In addition to high maintenance costs, this training system is specific to 

operations associated with the International Space Station (ISS) and therefore serves a limited 

purpose. Through the development of TS 21, NASA hopes to gain a simulation framework that 

utilizes the higher-performance processing power of today in a more efficient and maintainable 

manner and to develop a series of generic models that can be easily ported to current and future 

vehicles.  

 



3 

 

Since the immediate intended outcome of the TS 21 project is to replace the SSTF, most 

of the development currently taking place is focused on the ISS. The functionality modeling of 

the ISS is split among a number of groups, each of whom model their segments individually and 

periodically integrate with the models of the other subsystems to ensure compatibility. The ISS is 

composed of the following ten subsystems: Environmental Control and Life Support System 

(ECLSS), Thermal Control System (TCS), Structures and Mechanisms (S&M or MECH), 

Electrical and Power Systems (EPS), Communication and Tracking (C&T), Guidance, 

Navigation, and Control (GNC), On-Board Computer Systems (OBCS), Motion Control System 

(MCS), Crew Health Care System (CheCS), and the Mobile Servicing System (MSS). During 

my co-op at the Johnson Space Center, I worked with the OBCS group. While this placement 

was not directly relevant to my major, I was able to gain insight into various aspects of both the 

aerospace and the software engineering industries.  
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WORK OBJECTIVES 
 

 

 When I first arrived at JSC in May, I along with many of the other L-3 STRATIS co-ops 

and interns, was assigned to work on the TS 21 project. Despite working on the same project, we 

were each placed in a different area of development with a separate mentor. At the beginning of 

my term in May, I was presented with the immense amount of information that would be relevant 

to my work for the next eight months. To help me process this new knowledge, I participated in 

training classes on the Trick simulation environment, Python, C and C++, object-oriented 

analysis and design, Unified Modeling Language, and courses focused on the development of 

soft-skills. For the first few weeks of my co-op, I was tasked with understanding this bulk of 

information in addition to grasping the concept of the many functions of the ISS on-board 

computer systems. While I had been introduced to the basics of programming in CSCE 206 

“Programming in C” and AERO 220 “Intro to Aerospace Computation”, I had never encountered 

any low-level programming applications necessary to accomplish communication. OBCS is 

responsible for the command and data handling aspects aboard the International Space Station.  

This is essentially the network with which the various subsystems on the ISS communicate with 

one another. In order to create or model such a system, one must understand how the data is 

transferred to and from different sub-systems on the ISS. Because of the unforgiving nature of 

space, reliability is of the utmost concern. The computing framework aboard the ISS is based on 

46 multiplexer/demultiplexers (MDMs), which are nothing more than single-board computers. 
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Figure 1: MDMs on the International Space Station [3] 

 

 

“Multiplexing is the process of combining two or more information channels into a single 

transmission medium.” [4] Through this process, it is possible to send separate messages at the 

same time, increasing the amount of data that is able to be transferred. Each of these MDMs is 

responsible for controlling a certain subsystem, and OBCS ensures that each of these MDMs is 

able to communicate with the other MDMs and related sub-systems. Because safety and 

reliability are so important, many of the MDMs responsible for essential systems have duplicates 

for the purpose of redundancy. For example, there are a total of three Command and Control 

MDMs. Therefore, if the first MDM were to malfunction, the next MDM would resume control 

of the station until the error was corrected. Through redundancy, what would have previously 

caused a failure aboard the space station is now a completely manageable event. 

 Since the initial construction of the ISS in 1998, the resources utilized for computing 

were much less advanced than those in use today. But, because the training simulations are built 

to replicate the systems on the station, the technology on which these models are built must 

mimic the capabilities from that time period. The data transfer protocol on which the on-board 

computer systems are based is the MIL-STD-1553B protocol. First published in 1978, this 

technology has proven to be extremely reliable in the use of aircraft and was therefore chosen as 
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the method by which data would be transferred on the International Space Station. While the data 

transfer speeds are not optimal, the stability it provides to the overall system is considered to be 

much more valuable than speed. Through this military standard, there is an establishment “that 

defines the electrical and protocol characteristics for a data bus.” [5] A MIL-STD-1553B 

multiplex data bus system consists of a bus controller (BC), a bus monitor, and remote terminals 

(RT). To relate this definition to the ISS, a bus controller is a primary MDM, and a remote 

terminal is “all terminals not operating as the bus controller or as a bus monitor.” [5] Certain 

hardware sub-systems are then connected to the remote terminals, giving users access to various 

systems on the station. A “remote terminal comprises the electronics necessary to transfer data 

between the data bus and the subsystem.” [6] Through the use of a remote terminal as an access 

point, there is ISS-specific flight software developed by The Boeing Company that provides a 

graphical user interface allowing the astronauts to easily perform necessary tasks by entering 

different sub-menus depending on the system on the station that is in need of alteration. This 

flight software is housed on the MDMs, and is then accessed by the astronauts via a portable 

computer system (PCS).  

 

Figure 2: PCS displaying Home page of the Flight Software 
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The PCSs used on the ISS are Lenovo T61p or IBM A31p laptops outfitted with 1553 cards to 

allow for the transfer of data to the MDMs. A PCS provides astronauts and flight controllers with 

the ability to control and monitor core and payload systems, access caution and warning 

notification systems, utilize automated procedure viewing, transfer files and memory, serially 

transfer raw telemetry data to MOD, and use the Mobile Servicing System, which performs 

robotic functions aboard the station.  

 

Figure 3: 1553 card and connection (stub) cables in the PCS PMCIA slot 

 

 

 For my first project, I collaborated with my mentor on an interface that would allow for 

multiple PCSs to be connected to a single remote terminal. During training, the flight controllers 

may want to have a certain number of PCSs initialized in order to achieve the desired training 

goal for the astronauts. However, due to the technical constraints, there is a maximum number of 

PCSs supported by an MDM. Depending on the MDM in use, there are between one and five of 

the thirty-two remote terminals accessible for the purpose of connecting a PCS. If any more 

connections are needed, they must be completed through another MDM. In order to create an 

alternative solution for this, the idea of a multi-PCS interface was suggested. Through this 

interface, the trainers would have the ability for multiple PCSs to be connected to a single remote 
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terminal, which would result in more than the originally supported number of PCSs to 

communicate with a single MDM. In order to gain this ability, the PCS must receive 

modifications to its hardware and software. The hardware alteration consists of changing the 

MIL-STD-1553B protocol to an Ethernet interface utilizing the UDP/IP protocol, creating an 

ePCS. To maintain communication between the MDM and ePCS, a hardware router is 

implemented to convert the 1553 data format to the UDP/IP data format, and vice versa, allowing 

the two machines to understand each other. The framework used to develop the multi-PCS 

interface is Trick coupled with the use of C/C++ code. “The Trick Simulation Environment is a 

set of software utilities that allows users to rapidly develop, integrate, and operate simulations 

based on the specific requirements of their application problem domains. Simulation applications 

range from personal computer desktop trainers to full-scale robotics hardware-in-the-loop 

facilities and virtual reality systems.” [7] The rapid integration capabilities of Trick were highly 

important in the design of the interface. A PCS must connect to an MDM using a specified set of 

procedures as outlined by the MIL-STD-1553B protocol. This procedure begins with the bus 

controller, which in this circumstance is the MDM, polling for a PCS on remote terminal address 

7. If the MDM receives no response, it will continue to poll this remote terminal address until it 

does. Once a PCS is connected into a receptacle, it will set its remote terminal address to 7 to 

enable command poll responses. The PCS will then transmit a “Request RT Address” command 

to the bus controller in response to a command poll. The bus controller will then transmit a “RT 

Address Set” command to the PCS containing the RT address the PCS will use for any 

subsequent communication with the bus controller. After receiving the “RT Address Set” 

command from the bus controller, the PCS will set its remote terminal address to that specified in 

the command. At this point, the PCS will issue a “Request Initialization Data” command to the 
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bus controller. When the bus controller sends a response, the PCS will obtain initialization data 

via a Data Load and will continue to receive these Display Data transfers until a PCS shutdown 

occurs. 

 

Figure 4: A visual representation of the PCS Logon Communication Flow [8] 

 

 

Through the use of Trick, it is possible to set the integration factor to 1 Hertz which allows the 

replication of the MDM polling for a PCS at the necessary rate. The other function that is 

necessary to replicate is that which assigns the correct sub-address to each new PCS that is 

connected. Each of the thirty-two sub-addresses has a designated function, except for one 

through twelve. Therefore, these are the sub-addresses that are chosen to be assigned to a given 

PCS because they are not needed by any other part of the current system. The primary problem 

encountered is with separate PCSs attempting to communicate with the MDM at the same time. 

Due to the nature of the 1553 protocol, only one PCS on an assigned remote terminal can be 

communicating with the MDM at a time. Thus, if one PCS was in the process of a data transfer, 
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the other connected PCSs would have the possibility of timing out because of their lack of 

communication with the MDM while waiting in the queue. As part of this task, I assisted my 

mentor with the testing of the interface by running multiple virtual PCS simulations to determine 

if the connectivity of several of these was achievable and sustainable. I also helped test the 

timing associated with the functioning of the PCS by logging the output of code I modified to 

show the time differences. In addition to test assistance, I studied the code written by my mentor 

and attempted to make modifications to the code in order to help me better understand the 

process by which these actions were taking place. Throughout this task, I also learned more 

about OBCS as a whole and how the interactions between the various systems on the station 

occur. This complex network ensures that the space station continues to be operational by 

allowing all of the systems to communicate. 

Beginning in September, I was assigned to a new task since the multi-PCS interface 

project was successfully completed. Therefore, the OBCS group lead gave me the task to 

continue the development of a project started by another intern, who was employed by a different 

company over the summer. As mentioned previously, there are many companies working on the 

same TS 21 project, all seeking a common goal – the completion of the project. After confirming 

with my mentor that this task was a suitable and constructive use of my time, I was given 

permission to proceed with the development by all parties of authority. This project was a web-

based display that would show information relevant to the needs of OBCS group members about 

the Trick simulations being run on a machine. While Trick possesses its own data representation 

application called Trick TV, this web display allows any machine within the network to view 

data about the simulation, rather than allowing access to only the host as with Trick TV. To do 

this, the web application was built using an internet architecture for distributed hypermedia 
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systems called mREST as the framework. REST stands for Representational State Transfer. Frist 

introduced in 2000 by Roy Fielding as part of his doctoral dissertation, this “architectural style 

provides a philosophy for identifying items of interest in a system as resources, modeling those 

resources using a known format (representations) which are referenced through the use of a 

uniform resource identifier (URI), and then specifying a uniform method for retrieving and/or 

manipulating those resources.” [9] With the explanation of REST architecture, the modification 

made to create mREST can be discussed. “mREST is an implementation of the REST 

architecture specific to the management and sharing of data in a system of logical elements. A 

Logical System Element (LSE) can represent any number of varying types of hardware and/or 

software components or subsystems,” where “each LSE acts as a server which communicates 

with one or more mREST managers (clients) using a protocol based on principles from the REST 

architectural style.” [9] By using mREST, the programmer gains the ability to make “generic 

calls to access data, start and stop tests and simulations, and monitor hardware health” [10] 

which allows for a more powerful data collection system. The functionality provided by the 

display is developed around certain conditions of the 46 MDMs and 97 buses. Depending on the 

value determined for each condition, a colored indicator will provide a visual representation of 

the information for each MDM and bus. These conditions include whether or not the MDM is 

powered on, if it is the primary MDM, and if there is communication, no read, or no 

communication with the MDM. In addition to this, there are other variables that can be selected 

from a list on the left hand side and displayed underneath each of the MDMs, such as certain 

malfunction conditions, read and write count, temperature, and the program unique identifier 

(PUI). The other capability instituted through this web interface allows the user to select the 

desired data store outside of the Trick simulation. My task was to additionally implement the 
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ability for the user to view the bus activity on each of the 97 buses associated with the all of the 

MDMs. A data bus is simply the hardware which is responsible for the transfer of data between 

or within machines. Each of the MDMs has certain buses that it utilizes, and each of the buses is 

connected to thirty-two remote terminals. 

Prior to coding my portion of the display, I needed to determine which buses were related 

to which MDMs and create associative arrays containing these parameters. In order to obtain this 

information, I used a SSTF reference diagram of the Command & Data Handling (C&DH) 

architecture created by a colleague, Albert Corazzato, and a Linux tool created by another 

colleague, Mark Paterson. Because this was a web display, the C and C++ I had used in the 

previous task was not applicable. For this task I primarily used HTML, CSS, and JavaScript. 

Each of the MDM and bus conditions that were going to be displayed had a separate Trick 

variable path that was outlined in the mREST configuration file. Since there are 46 MDMs, 97 

buses, and 32 remote terminals per bus, the configuration file grew to be quite large due to the 

number of variables being observed. The number of separately observed conditions is over 3,500 

in total. By specifying which variables need to be observed in the configuration file, the mREST 

application converts the information into a XML database that is then accessible from the web 

display. At this point, there is a XML database containing all of the necessary information about 

the variables that are needed to be displayed. But to obtain this information from the database, I 

created a Javascript function that would parse each of these parameters and would provide the 

values of these parameters to the other functions which would set the state signals for each of the 

buses and their associated remote terminals. 
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Figure 5: Main page of the web display. 

 

 

 

Figure 6: Bus and remote terminal display. 
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CONCLUSION 
 

 

Through my experience working at the Johnson Space Center for L-3 STRATIS, I have 

gained many skills and obtained insight into both the software engineering and the aerospace 

industries. When I arrived at the beginning of the summer, I possessed only the knowledge that I 

had obtained through school and considered it to be only applicable within the realm of 

academia. However, by working in industry for these eight months, I can now see this 

knowledge applied to real world problems and realize that the information I am learning in 

school is directly applicable to my future career. Over the course of my co-op term, I helped 

develop an interface that will create an easier training environment for future astronauts and 

flight controllers and expanded a web display tool to help my colleagues in OBCS complete their 

tasks more efficiently. This experience has also helped me to realize that the integration of 

computing and engineering is growing at a significant rate, and that in order to become a 

successful engineer, one must be fully capable of utilizing various computational resources such 

as programming and computer-aided design (CAD) programs. I have also gained a better sense 

of direction regarding where I would like to be employed once I graduate. Being furloughed by 

the government shutdown for three consecutive weeks in October 2013 and being unable to work 

was an interesting situation that has caused me to more closely consider seeking employment 

within a private industry rather than one beholden to the politics of the day. 
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APPENDIX 
 

 

 

 

 

Figure A1 [10]: To the right is a 

view of the PCS software. Shown 

is the Window Manager Taskbar, 

Start Menu and Desktop, and 

Desktop Main Menu Popup. From 

this popup menu, the astronauts 

have various access to various 

programs such as a text editor, file 

manager, image viewer and 

screenshot mechanism.  

 

 

 

 

 

 

 

Figure A2 [10]: In this view, the 

PCS has made a connection with 

the MDM. Therefore, the Core 

Systems Home Page, Alarm 

Toolbar, and USOS Voice Status 

Display windows are operational 

and ready for use. 
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Figure A3: Below is the reference 1553 connectivity diagram for the Command & Data 

Handling Architecture used in the Space Station Training Facility created by Albert Corazatto. 

Because TS 21 is replacing the SSTF, the same architecture is utilized and was therefore 

necessary for the completion of my project.  

 

 
 

 

 

 

 

 

 

 

 


