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ABSTRACT 

This thesis presents a software development which 

enhances the applicability of the Operations and Science 

Instrument System (OASIS) software for teleoperation of 

scientific experiments or process plants at remote location. 

Software developed includes a TCP/IP communication interface 

for OASIS in the MicroVMS and SUN/Unix environments, and 

modification of previously developed software for a local 

controlling computer (LCC). Major improvements in software 

design implementation are done on the command processor 

task. A new software module is written for the communication 

part to accommodate the TCP/IP protocol which replaces the 

DECnet protocol. Results of comparison and measurements of 

both versions of OASIS are also presented. 
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CHAPTER 1 

INTRODUCTION 

The Operations and Science Instrument System (OASIS) is 

a software package developed by the University of Colorado 

for remote operation of scientific experiments (Hansen, 

1987). Previous applications include operation of the Solar 

Mesosphere Explorer satellite (Hansen, 1987), a simulated 

astrometric telescope (Schooley and Cellier, 1988a and 

1988b), a laboratory for remote fluid handling aboard Space 

Station Freedom (Schooley and Cellier, 1988a; Schooley, 

Cellier and Schultz, 1989), and others. 

The primary purpose of the research which supported 

this work was to investigate the suitability of using OASIS 

for remote operation of a Space Infra-Red Telescope Facility 

(SIRTF). In such an application, the OASIS software would 

reside on a Remote Commanding Computer (RCC) located on 

Earth. The RCC would communicate with a Local Controlling 

Computer (LCC), located on the spacecraft, which would 

interface directly with the telescope and its associated 

instruments. The word local in the term LCC is used to 

signify that the computer operates at the same area as the 

controlled instrument. On the other hand, the word remote in 

the term RCC signify that the computer operates remotely 
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from the controlled instrument. The implementation of this 

evaluation is divided into several parts : 

1. Simulation of a portion of the SIRTF telescope 

instruments on an IBM/PC compatible. 

Since the SIRTF telescope was not available to us at 

the time of the project, one of the on-board instruments was 

partially simulated on an IBM personal computer equivalent. 

This simulation software is remotely controlled by the 

commanding MicroVAX workstation running OASIS through a 

TCP/IP data communication network. The PC also serves as the 

LCC. 

2. Modification of telecommand and telemetry processing 

software in the LCC. 

A software model used in a previous Telescience Testbed 

project was available to us; furthermore, this software 

model was very close to what was needed for the SIRTF 

project. Hence, we decided to adapt this software to our 

current needs. The software was modified and also improved 

according to the suggestions made in a previous report (Lew 

1988). 

3. OASIS database programming. 

The OASIS database needed to be programmed to control 



12 

the simulation software. Available commands and displays of 

various instrument parameters had to be added to the 

database in addition to the standard ones. 

4. TCP/IP communication interface software. 

It was desirable to have a vendor-independent data 

communication protocol for this and future projects. The 

original protocol used by the VMS version of OASIS was 

DECnet which is copyrighted by Digital Equipment 

Corporation. It was decided to use TCP/IP as a replacement 

for DECnet, and a new interface software between OASIS and 

TCP/IP communication processes had to be developed. In 

addition, TCP/IP communication software was developed in the 

case where the LCC is a MicroVAX. 

Parts 2 and 4 of this project are of general interest 

and will be used in other projects involving teleoperation 

of extraterrestrial oxygen production plants and 

bioregenerative life support systems. These developments are 

the main subject of this thesis. In addition, comparison and 

real-time performance measurement of the system with both 

DECnet and TCP/IP data communication protocols are 

presented, and a new communication interface software for 

the SUN/Unix version of OASIS is documented. Other details 

of the SIRTF project are documented in a separate technical 

report. 
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To summarize, the architecture of the project is as 

follows. A portion of the SIRTF telescope was simulated, and 

the simulation program was run in and controlled by the LCC, 

an IBM-PC/XT compatible. The LCC interacts with a remote 

commanding computer (RCC), which can be either a MicroVAX or 

a SUN 3/60 workstation running OASIS. This architecture is 

further illustrated in figure 1.1.1. Most of the software is 

written in ADA, and the rest is written in C. 

The resources required for this project and thesis 

include two MicroVAX workstations, a SUN 3/60 workstation, 

an IBM/PC equipped with a 3Com Etherlinkll Ethernet card. 

The needed software includes 3COM EtherLinkll supporting 

software; DEC, Verdix and Meridian Ada compilers for VMS, 

SUN/Unix and DOS operating systems, respectively; PC/TCP 

Developers kit for DOS; Multinet socket library; and the 

OASIS software package for VMS and SUN/Unix operating 

systems. 

The improvements and modifications of the command 

processor task are presented in chapter 2. The details of 

implementation of the communication interface software for 

both operating systems are presented in chapter 3. The 

comparison of the two OASIS versions and its results are 

documented in chapter 4. The final two chapters include 

examples, major problems encountered in the development, a 

summary of results, and suggestions for future work. 
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CHAPTER 2 

SIRTF PROJECT 

2.1 OVERVIEW 

The specific objective of the SIRTF Project was to 

evaluate the suitability of using OASIS as an interface for 

testing the Metal Oxide Semiconductor Field Effect 

Transistor (MOS-FET) to be used in a Multi-Band Imaging 

Photometer (MIPS). The original plan was to use the SUN/Unix 

version of OASIS and the TCP/IP data communication protocol. 

However the SUN/Unix version of OASIS was not available 

until November 1989; hence, the VMS version of OASIS and the 

DECnet data communication protocol were used in the project. 

The SUN/Unix version of OASIS was included in the project 

later on. The Consultative Committee for Space Data System 

(CCSDS) recommendations for telecommand and telemetry 

packets were implemented for the upper layer. 

The software used for this project on the RCC was 

OASIS. OASIS was designed and written in ADA by the 

Laboratory for Atmospheric and Space Physics (LASP) at the 

University of Colorado. The OASIS package was constructed to 

allow the tailoring to a particular experiment by generating 

an application specific database used by the program. The 

OASIS databases for the demonstration were generated 
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locally. For more information about these experiments, see 

(Lew 1988), (Pan and Lew 1988) and (Schooley and Cellier 

1988b). 

The software used on the local controlling computer 

(LCC) was previously designed and written in ADA. During the 

functional design of this package, every attempt was made to 

make it modular. Modularity was desired so that only a few 

changes from application to application would be required. 

This goal was accomplished. The functions performed by the 

LCCs include communications to allow a dialogue to be 

carried on between the LCC and RCC, telecommand storage and 

retrieval, telecommand interpretation and data handling for 

data to be sent back to the RCC. A block diagram of the 

project is provided in figure 2.1.1. For more information 

about this software, see (Bienz and Hunter 1988) and (Lew 

1988). Application specific software written for this 

project and run on the LCC included the SIRTF telescope 

simulation program, the command receiver software, the 

command processor software and the data transmitter 

software. 

This part of the thesis deals with the modification and 

improvement of the Command Processor software, CCSDS 

Telemetry contents and packet I.D. and local database. The 

new CCSDS Telemetry contents and packet I.D. are listed in 

Appendix B. 
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In the current implementation, 2 database tables are 

used in the system, a permanent database and an active 

database. The permanent database is stored in files named 

"STATIC.INI" and "ACTIVE.INI". These files contain the 

default values for static and active variables, respectively 

when the program is first started. These values are loaded 

whenever the command SET INISYS = 1 is executed. For a flow 

chart of the SET INISYS command see figure A2.14 in Appendix 

A. When the permanent database has been loaded, it becomes 

the active database. All changes to active and static 

variables only affect the active database. 

The command processor software is implemented as an ADA 

task with three sub-entities which will be described in 

detail later. The three sub-entities are: 

1. Scanner 

The scanner performs a lexical analysis on the 

telecommand. It transforms every character in the 

telecommand into a numeric code. Then it sums up the codes 

for every telecommand word into a single code. Hence it may 

generate one to three codes depending on how many words a 

telecommand has. Finally, it compares these codes to the 

existing codes which are stored in a table. If the codes are 

valid, then they will be passed to the parser for further 

processing. 
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2. Parser 

The parser performs a syntax analysis on the 

telecommand. It sums up all the codes which were received 

from the scanner into a single code. Then it compares the 

resulting code to existing codes which are stored in a 

table. If the code is valid, then it will forward this code 

to the interpreter for further processing. 

3. Interpreter 

The interpreter performs a semantic analysis on the 

telecommand. It compares the code which was forwarded by the 

parser to existing codes which are stored in a table. If the 

code is valid, then it will determine the functions each 

command requires and notifies the respective task(s) of the 

desired processing to be performed. The task that is 

notified by the Interpreter is either one of the telemetry 

data handlers or interfaces to the SIRTF telescope 

simulation. 

2 . 2  Telecommand Scanner 

This procedure is called by the task CMD_PROC to check 

the syntax of the commands. The command is passed as a 

character string. All commands are either one-word commands 

or two-word commands followed by an equal sign and one or 

more numbers or a character. The first word in the command 

is called the command key and the second word, if available, 
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is called the parameter name. The value following the equal 

sign is called parameter value. Some examples are 

SET SYSMODE = G 

The first example gives an instance of a one-word-command, 

so UPDATE is the command key. The second example gives an 

instance of two-words-commands. In this case the command key 

is SET, the parameter name is SYSMODE and the parameter 

value is G. If an incorrect syntax is detected, an error 

message is printed to the local CRT screen and sent back to 

the RCC. For valid commands, the command key, parameter name 

and the parameter value are encoded into numeric codes. 

Since the commands are received as a character string, all 

numeric strings must be converted into numeric values. The 

functions "CODING" and "STR2INT", respectively, are used for 

these purposes. Having been converted, the encoded command 

is stored in a record type object. The record has the 

following fields. 

UPDATE 

TYPE command_record_type IS RECORD 

code LONG INTEGER 

word I : LONG INTEGER 

word II LONG INTEGER 

user BOOLEAN 

job j ob_type 

more more_type 



21 

mode : mode_type; 

pi : INTEGER; 

p2 : FLOAT; 

END RECORD; 

The field code is used to store the final code of the 

command (more on this later). The field word_I is used to 

store the code of the command key, word_II is used to store 

the code of the parameter name if available. If the command 

is a one-word-command, the number 999 is stored in word_II 

to signify the end of the command. Otherwise, the field job 

is used to indicate the type of the command. The field job 

is declared as an enumeration type ITEM. 

ITEM = ('eol' J 'is_angle' j 'is_time' j 'is_word'). 

eol signifies the command is a two-word-command. 

is_angle signifies the command is a two-word 

command followed by a float value. The float value 

is stored in the field p2. 

is_time signifies the command is a two-word command 

followed by a time format value such as SET RA = 

12 30 30 which means hour = 12, minute = 30, 

seconds = 30. The time value is stored in the 

field more which is declared as type more_type. 

is_word signifies the command is a two-word command 

followed by a character or a word such as SET 
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SYSMODE = L. 

The field USER is not being used at this point. 

The field MODE is used to signify the current mode of 

the Command Processor. There are currently two 

modes implemented "UPDATE" and "NORMAL". Update 

mode denotes that the cpmmands are to be added 

into the database files; whereas, normal mode 

denotes that the commands are to be executed. 

For a more detailed explanation of the scanner and the 

encoding of the commands see (Lew 1988). The scanner was 

slightly modified from the remote fluid handling project 

implementation, due to bugs in the conversion of character 

string into real number. Both implementations are discussed 

in the next two sections and important changes are pointed 

out. 

2.2.1 Past Implementation 

Originally the conversion of numerical string into 

real numbers was done by converting the decimal and 

fractional part into float numbers separately. The 

reason of using this conversion method was that it was 

not possible to convert numerical string into real 

numbers directly. The float number obtained from the 

fractional part is further divided by a factor of 10.0 

to get the real fractional value. They were then added 
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to obtain the final value. The conversion from 

numerical string to integer number was done by the 

function called NUM_CONV. The result of the conversion, 

an integer number, was then converted into a float 

number using the ADA typecasting facility. 

2.2.2 Present Implementation 

The modification was done on function NUM_CONV and 

conversion of the fractional part into its real value. 

The major reason of the modification of function 

NUM_CONV was the efficiency of the code. The bug 

occurred during the conversion of the fractional part 

of the number to the real fractional value. It only 

calculated values greater than 0.1. Here is an example 

of the bug: 

0.015 would be converted to 0.15 

This really presented a problem to the simulation since 

it requires number with a precision of up to 3-decimal 

places. Another important change is the addition of the 

field MODE in the record type COMMAND_RECORD_TYPE which 

is used to add new commands. 

2.2.3 Comparison of Past and Present Implementations 

There is no difference at all in terms of 

functionality of the scanner itself. The only major 

difference is the function NUM_CONV which is bug-free 
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now and the addition of a new field into the record 

which will be used in conjunction with a modification 

in the implementation of the Telecommand Parser. 

2.3 Telecommand Parser 

This procedure is called by the task CMD_PROC to check 

the semantic correctness of the commands. The command is 

received in the form of a record type from the Scanner. If 

the command is a valid one and the mode is NORMAL, the 

command is re-coded into a single command code and stored in 

the field code of the same type of record as it was received 

from the scanner. 

The parser was totally modified from the remote fluid 

handling project implementation due to a memory constraint 

on the system. Both implementations are discussed in the 

next two sections and important changes are pointed out. 

2.3.1 Past Implementation 

In the past implementation adding new commands had 

to be done by changing the source code since the codes 

for all the commands are built into the source code. 

This makes modification and enhancement to be 

unnecessarily tedious and inconvenient. The basic 

structure of the past implementation of the parser 

procedure looks like the following. (Quoted from (Lew 
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1988)) 

procedure PARSER (COMMAND: in I_COMMAND; 

FINAL_CODE : in out FINAL_COMMAND) is 

declarations... 

begin 

if COMMAND.WORD_I = SOMETHING then 

FINAL_CODE : = SOME_NUMERIC_CODE; 

end if; 

if COMMAND.WORD_II = 999 then 

return; 

end if; 

elsif COMMAND.WORD_II = SOMETHING then 

FINAL_CODE.CODE := 

FINAL_CODE.CODE+SOME_NUMERIC_CODE; 

end if; 

if COMMAND.JOB = EOL then 

return; 

elsif COMMAND.PARAMETER3 = SOME_NUMERIC_CODE then 

FINAL_CODE.CODE := 

FINAL_CODE.CODE+SOME_NUMERIC_CODE; 

end if; 

end if; 

end PARSER; 

For a more detailed information about the original 
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implementation of the parser see (Lew 1988). 

2.2.2 Present Implementation 

In the present implementation adding new commands 

can be done from the remote commanding computer since 

the coding process is now automated. The users merely 

have to send the new set of command(s) from the RCC or 

the local keyboard, and the parser will automatically 

encode them and store the codes in the files. However, 

the new instructions which would be executed when the 

new command is issued has to be added manually to the 

existing code. The design of this implementation was 

based on database design concepts. In a database system 

there are usually key words associated with a category. 

Each command is separated into three categories. Since 

most commands, in the SIRTF project, are of the form: 

SET SOMETHING = SOME_NUMBER or SOME_CHARACTER 

It was decided to put the first word in the command, 

command key, into COMMAND category and the second word, 

parameter name, into PARAMETER category and the third 

word, parameter value, into STATUS category. The keys 

associated with these categories are: 

1. Command 

2. Parameter 

3. Status 



There are, therefore, 3 files named "COMMAND.DAT", 

"PARAMS.DAT" and "STATUS.DAT" which will be used to 

store codes associated with each category, 

respectively. The basic structure of procedure Parser 

is as follow. 

procedure PARSER (COMMAND: in I_COMMAND; 

F_CODE: in out F_COMMAND) is 

declarations... 

begin 

search the first code categorized as command in 

the file "COMMAND.DAT"; 

if (NOT found) AND (icommand.mode = UPDATE) then 

Update the database file "COMMAND.DAT"; 

elsif (NOT found) AND (icommand.mode = NORMAL) 

then 

goto error; 

elsif found AND (icommand.mode = UPDATE) then 

Update the other database category and store 

the code found; 

elsif found AND (icommand.mode = NORMAL) then 

Calculate the code; 

end if; 

if it is a two-word command then 

search the second code categorized as 

Parameter in the file "PARAMS.DAT"; 
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if (NOT found) AND (icommand.mode = UPDATE) 

then 

Update the database file "PARAMS.DAT"; 

elsif ..• 

end if; 

if it is a three-word command then 

search the parameter value categorized as 

status in the database file "STATUS.DAT"; 

if (NOT found) AND (icommand.mode = UPDATE) then 

Update the database file "STATUS.DAT"; 

elsif ... 

end if; 

«error» 

print error message; 

end PARSER; 

Having been checked and encoded in the procedure 

scanner, the record is passed to the procedure parser. 

The parser checks for the semantic correctness of the 

encoded command by searching the database files. There 

are three database files to be searched, one for the 

command key, one for parameter name and finally one for 

parameter value. Each of the database files consists of 

two numbers. For example, in the file "COMMAND.DAT", 

one of the numbers is the same as the command key code, 
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and the other one is a mapped number to be used to form 

the final code. The reason for using numeric codes 

instead of string codes is that it is faster to search 

for numbers in the database files especially when the 

database gets bigger. Initially the parser searches the 

database file, "COMMAND.DAT", for the command_key code, 

then it checks the field "JOB" to check the type of the 

command being examined. If it's not the end of the 

command, then it searches the database file, 

"PARAMS.DAT", for the code of the parameter name, then 

it checks the field "JOB" again to see whether or not 

there is any parameter value(s) and the kind of the 

parameter value(s). If there is, then it searches the 

database file, "STATUS.DAT", for the code of the 

parameter value. Finally, the mapped codes are added 

together to form a final code which is stored in ths 

field "CODE". An example is presented below. 

Command : SET SYSMODE = N 

The command_key code for the word SET is stored in the 

database file "COMMAND.DAT". The parser searches this 

database file, and gets the mapped code for this word. 

Suppose the mapped code is 1. Then it will do the same 

for the word "SYSMODE" in the file "PARAMS.DAT". 

Suppose the mapped code is 1_000_000. Finally, it will 

do the same for the character "N" in the file 
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"STATUS.DAT". Suppose the mapped code is 1000. It will 

then add all these mapped codes to form the final code. 

So F_CODE = 1_001_001 = 1_000_000 + 1000 + 1 is the 

final code which will be used by the Interpreter to 

find out which command is to be executed. If the search 

is unsuccessful, it will check the current mode of the 

command processor. If it is in update mode, then it 

will assume that the command is to be added to the 

database files; therefore, an update is performed (more 

on this later); otherwise, an error message is printed 

to the local CRT and sent to RCC, and the command is 

ignored. 

2.3.3 Comparison of Past and Present Implementations 

In the present implementation it is less likely 

that any error would occur when a new command is to be 

added to the existing system. Since calculation of the 

code is totally done by the software, there is no need 

of a calculation of new codes nor modification of an 

existing parser code. On the other hand, the past 

implementation requires the programmer to encode the 

command manually and modify the existing code. Hence 

more reliability and ease of modification is achieved. 



2.4 Telecommand Interpreter 

This procedure is called by the task CMD_PROC to 

execute the instructions corresponding to the received 

telecommand. The command is received in the form of a code, 

an integer number, enclosed in a record of the same type as 

the one received by the scanner and parser. It searches for 

the code passed to it in a table to determine which 

function(s) to execute. 

The interpreter had to be totally modified from the 

previous project since it depended on the parser which was 

also totally modified as explained above. Both 

implementations are discussed in the next two sections, and 

the important changes are pointed out. 

2.4.1 Past Implementation 

The mapped codes for all available commands are 

built into the source code; hence, an addition of new 

commands would require the programmer to modify the 

source code. The basic structure of the program is as 

follows: 

procedure Interpreter (icommand : in out 

command_record_type) is 

declarations ... 

begin 



32 

if (icommand.code = A_CODE) then 

Execute the corresponding functions 

Send telemetry back to RCC, if any; 

Print message to local screen; 

elsif (icommand.code = ANOTHER_CODE) then 

Execute the corresponding functions 

Send telemetry back to RCC, if any; 

Print message to local screen; 

elsif (icommand.code = YET_ANOTHER_CODE) then 

else 

Send Telemetry packet to signify error to 

RCC; 

Print error message to the local screen; 

end if; 

end interpreter; 

2.4.2 Present Implementation 

The present implementation stores the codes with 

the corresponding task number for all available 

commands in an external file called "TASK.DAT". A task 

number corresponds to a certain function to be executed 

according to the command. The interpreter searches the 

file for the received code and extracts the task 

number. If the code is found, then a safety check is 
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performed to all parameters of the command to prevent 

any possible damage to any of the equipments in the 

system and the corresponding function is executed. 

Otherwise an error message is sent to the RCC and is 

printed to the local CRT, and the command is ignored. 

After the execution, a second check is performed to 

check whether or not it was a success. The results of 

execution, if any, are packetized and transmitted to 

the RCC in the form of Telemetry packets. At this point 

the execution is finished and control is returned to 

the command processor task. The basic structure of the 

program is as follows: 

procedure Interpreter (icominand : in out 

COMMAND_RECORD_TYPE) is 

begin 

search for icommand.code in "TASK.DAT" file; 

if (found) then 

case task_number of 

when 1 => execute corresponding 

function; 

if (success) then 

send results to RCC; 

else 

print error to local CRT; 
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send error packet to RCC; 

end if; 

when 2 => ... 

when OTHERS => print error to local CRT; 

send error packet to RCC; 

end case; 

end if; 

end Interpreter; 

2.4.3 Comparison of Past and Present Implementations 

The advantage of the present implementation is 

mainly main memory saving. However, there is also a 

disadvantage in speed. Nevertheless, as the number of 

commands gets bigger and bigger, it has to be done this 

way. 

2.5 Local Keyboard Interrupt 

It was determined that there must be a means of 

accessing the system locally. One way to do it is through 

the local keyboard interrupt. 

2.5.1 Present Implementation 

There are actually two alternatives to implement local 

keyboard access. One way is to declare it as an ADA task and 
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the other way is to use the DOS interrupt facility. However, 

since the ADA compiler used in the project does not 

implement the time-slicing method of running tasks, waiting 

for local keyboard input would stop the whole system. 

Therefore, the interrupt method was used. The interrupt is 

implemented by using a polling technique. The polling has to 

be done in the task body retriever since it always looks for 

new commands from the mailbox (For more information about 

retriever task and the mailbox implementation see (Bienz and 

Hunter 1988)). When the keyboard is hit, the system prompts 

the user for a password. If a valid password is entered, 

then the retriever will take the command from the local 

keyboard instead of the mailboxes. In other words, the local 

keyboard has a higher priority than the RCC. If a correct 

password is not entered, the system will prompt for a 

password for two more times and return to the point of 

execution prior to the interrupt. A Telemetry packet 

indicating that an interrupt is occurring is sent to the RCC 

to tell OASIS to prohibit its users from sending any 

commands. Nevertheless, if a command has already been 

transmitted, it would be queued by the network software 

driver. In the current implementation, the queue is only 

large enough for one Telecommand packet. All available 

commands with the exception of the connection shutdown 

command can be executed from the local keyboard (Available 
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commands are listed in Appendix A). All results of execution 

from the local keyboard are sent to the RCC so that all 

displays in the RCC are always up to date. To terminate the 

interrupt, a "QUIT" command must be issued from the local 

keyboard. When this happens, the system restores all 

resources and sends a Telemetry packet to the RCC indicating 

that the interrupt is over. The system then processes the 

command that is in the queue, if any, and resumes normal 

operation. 

2.6 Adding New Commands 

The addition of new commands to the existing set of 

commands is handled in the Parser procedure. The following 

are the necessary steps to properly add new commands. 

1. From the RCC or the local keyboard, use the command 

"UPDATE" to change the command processor mode from 

normal to update mode. 

2. Enter the new sets of commands. 

Note : only the command_key and parameter_name 

need to be entered if the value following the equal 

sign is a numeric value. Otherwise, the whole command 

string has to be entered. For example the following 

command string has to be entered in its entirety. 

SET FILTER = C 

Whereas in the next command the parameter value need 
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not be entered. 

SET SRATE =4.5 

3. From the RCC or the local keyboard, enter the 

command "END" to change the command processor mode from 

update back to normal mode. 

4. Modify the interpreter to handle the new commands. 

5. Add the new functions for execution of the new 

commands. 

6. Re-compile all the necessary procedures. 

7. Relink all_the object files to create a new 

executable file. 
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CHAPTER 3 

TCP/IP Communication Protocol Interface Software 

3.1 Overview 

It was desired to use TCP/IP as the protocol for the 

communication link between the Local Controlling Computer 

and the Remote Commanding Computer. OASIS does not provide 

any support for this purpose; therefore, a separate 

interface software was needed. Although OASIS has no 

specific support for TCP/IP, it provides generic 

communication support to communicate with the outside world. 

The aim was to make all of this transparent to the OASIS 

users so TCP/IP can be used for any OASIS application. 

The interface software is created as two separate 

processes, one to transmit telecommand packets to and 

another one to receive telemetry packets from the local 

controlling computer (LCC). Consideration was given to 

putting these two processes into a single process and 

separating them into two ADA tasks, but this idea was 

abandoned because of the following reasons. 

1. It would make the software unnecessarily complex. 

2. It would be harder to debug and modify the software. 

3. It would restrict the users on Telecommand 

transmission and Telemetry receiving since ADA task 

switching is slower than process switching in SUN/Unix 
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or MicroVMS operating systems. Telecommand transmission 

might have to alternate with telemetry receiving. 

Both processes use one of the generic communication 

supports, mailboxes in the VMS version and internet domain 

sockets in the SUN/Unix version, to communicate with OASIS. 

These processes have to establish connections with both 

OASIS and the LCC before any transmission can be started. 

The LCC acts as a server to the remote commanding computer 

(RCC); therefore, the LCC must be started before any 

connection can be established from the RCC. The processes 

then wait for the commands from OASIS or telemetry packets 

from the LCC. When the transmitter process gets a command 

from the RCC, appropriate CCSDS primary and secondary 

headers are appended in front of it. The transmitter process 

then sends the command as a telecommand packet to the LCC. 

When the receiver process receives a telemetry packet from 

the LCC, it simply passes it on to the RCC. To further 

illustrate the implementation of the software, diagrams are 

provided in figure 3.1.1 and 3.1.2 for MicroVMS version and 

SUN/Unix version, respectively. The detail of the 

implementation for both operating systems are discussed in 

the next two sections. 
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3.2 Remote Commanding Computer 

There are currently two RCCs which can be used in the 

project, a SUN 3/60 and a MicroVAXII/GPX workstations. Both 

of them are connected to the University of Arizona Ethernet 

network. OASIS version 02.05.01 is installed in the SUN 3/60 

workstation, and OASIS version 02.05.00 is installed in the 

MicroVAXII/GPX workstation. 

3.2.1 Hardware and Software 

Before discussing the details of the 

implementation, it is worthwhile to note some of the 

advantages and disadvantages of the hardware and 

software that were used to develop this application. 

Verdix ADA compiler version 5.5d 

The Verdix ADA compiler is developed and 

supported by Verdix Corporation located in Oregon. 

It runs on the SUN 3/60 workstation under SUN/OS 

4.00 or higher. 

Advantages : 

The interface to C language is simple and 

straightforward. 

Disadvantages : 

The parameter passing between C and ADA 

modules has to be in a 32 bits boundary. 

The record representation is reversed from 
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the standard representation. 

No support and update licenses are available. 

OASIS version 02.05.01 (SUN/Unix version^ 

OASIS is developed and supported by the 

Operation and Information Systems Group of the 

Laboratory of Atmospheric and Space Physics at the 

University of Colorado. This version runs on a SUN 

3/60 workstation with a minimum of 8MB of RAM, SUN 

operating system version 4.00 or higher, and 

Xwindows 3.11 with GKS fonts. 

Advantages : 

The updating of the displays in the SUN/Unix 

version of OASIS is faster than in the 

VMS version. 

Disadvantages : 

There are a lot of undetected bugs. 

It requires a lot of changes in the database 

from the previous version of OASIS 

especially in the decomposition of the 

telemetry stream. 

Multinet Socket Library Version 2.1 

Multinet was developed by a company called 

TGV located in Northern California. It is used 

primarily in machines running VMS or MicroVMS 



operating system version 4.5 or above. 

Advantages : 

It provides support for functions one 

level above the QIO system calls, so 

developers do not need to have a good 

knowledge of QIO system calls. 

It provides naming conventions that are 

compatible with the BSD UNIX TCP/IP library, 

the software is thus easily transferable 

since most of the TCP/IP software uses this 

naming convention. 

It provides good documentation on 

programming at the socket level. 

Disadvantages : 

Since Multinet is a fairly new software 

there are a lot of undetected bugs in it, 

especially in the socket level. 

There is no direct technical support/ 

all questions or bug reports can be directed 

through electronic mail, so it usually takes 

1-2 days to get any response from the 

company. Nevertheless, they are usually very 

prompt in answering most questions. 

All of the functions in the Multinet 

socket library are written in C; hence, there 
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is a lot of overhead to access them from ADA 

programs. 

3.2.2 Implementation in SUN/Unix Operating System 

In the SUN/Unix operating system, commands and 

telemetry packets are received from and transmitted to 

OASIS through Internet domain sockets. Both the 

transmitter and the receiver processes are configured 

as servers to OASIS and clients to the LCC. Hence, both 

the transmitter and receiver processes must be started 

before OASIS can establish any connections. The 

following steps were followed to set up both processes 

as servers to OASIS in the SUN workstation. 

Step 1 : The file /etc/services was edited to add 

the new service entries. 

Step 2 : The following names were used as the new 

services. 

For telecommand transmission, a service named 

"forward stream" is used. 

For telemetry transmission, a service named 

"return stream" is used. 

Step 3 : The following port addresses and protocol 

name were used for the new services. 

For telecommand transmission, a port address 

of 3533 and the TCP protocol were used. 
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For telemetry transmission, a port address of 

3534 and the TCP protocol were used. 

Note : uses of port addresses < 2048 need to 

have ROOT privileges. 

In order to implement these steps, it was necessary to 

have ROOT privilege to update the local network 

database file. If the Yellow Pages client process is 

running on the system, the above local network database 

file will not be consulted. Hence, the processes will 

not be able to find the correct port addresses. Error 

messages will be printed to the local CRT when this 

happens. The procedure to establish connections from 

OASIS to the LCC is as follow. 

Step 1 : Check whether or not the Yellow Pages 

client process is running on the system. If 

it is, then it needs to be killed before 

proceeding to the next step. The following is 

the necessary procedure to kill the Yellow 

Pages client process. 

Step 1 : Log into the system as "ROOT". 

Step 2 : Find out the process identification 

number(pid) of the Yellow Pages client 

process using the following command, 

ps -lax ] grep ypbind 

Step 3 : Kill the process using the following 
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command. 

kill -9 "pid" 

where pid was obtained from step 2 

above. 

Step 4 : Logout from the ROOT account. 

Step 2 : Set up the OASIS environment variables 

and start the Xwindows version 3 release 11 

server. This step can be done by selecting an 

according option in the menu which is 

displayed following the login messages. 

Step 3 : Open an X-term window and start the 

transmitter process, sirtf_trans_proc, and 

the receiver process, sirtf_rec_proc. A 

script file, run_procs, is provided to run 

both processes. 

Step 4 : Start the server process in the LCC, 

sirtf_main. 

Step 5 : Open a new X-term window and start 

OASIS. Click on the "CONNECT" button on the 

main menu displayed by OASIS. Wait until the 

connections have been established between 

OASIS and both processes. 

Step 6: Wait until the connections have been 

established between both processes and the 

LCC. 
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Step 7: At this point the connection is completed, 

and the operation can begin. 

These steps must be executed each time prior to 

any operation of the simulation. All of the network 

library routines are C object codes which can be linked 

with any other object codes using the SUN/Unix linker. 

Both the transmitter and receiver processes are written 

in ADA; therefore, a certain procedure must be followed 

to use the C functions properly. For details of 

interfacing ADA programs with C object codes see 

(Verdix Corp. 1988). 

Transmitter Process 

The Transmitter part of the interface software in 

the SUN/Unix operating system is implemented as a 

process independent from OASIS. The basic structure of 

the program is: 

procedure TRANS_PROC is 

declarations ... 

begin 

Set up a new server for OASIS; 

Get the local host information; 

Look up the forward stream service entry; 

Set up a new Internet socket for the server; 
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Bind the socket to the specified service 

port ; 

Set the number of maximum pending connection 

requests; 

Wait for OASIS to make the connection 

request; 

Establish a connection to the LCC; 

Get the host information about the LCC; 

Assign a port number for the service provided 

by the LCC; 

Set up a new Internet socket for connection 

to the LCC; 

Request a connection to the LCC; 

Get a socket descriptor from the LCC; 

Send optional data to signify a Telecommand 

channel. 

loop 

Wait for commands from OASIS users; 

if (end of connection) then 

shutdown the connection to OASIS; 

close the corresponding socket; 

shutdown the connection to the LCC; 

close the corresponding socket; 

exit ; 

end if; 
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Reverses the bit order of the incoming 

commands; 

Appends appropriate CCSDS primary and 

secondary headers to the commands; 

Sends the commands to the LCC; 

end loop? 

error_handler 

end TRANSJPROC; 

The communication with OASIS is accomplished 

through Internet domain sockets instead of Unix domain 

sockets since OASIS provides no support for the latter. 

The process of setting up a new server in the Internet 

domain is presented in detail below. 

1. Get the name of the local host using gethostname(). 

2. Get the local host information using 

gethostbyname(). This function returns a pointer 

to a structure containing the following 

information. 

The official host name (the internet name of 

the machine). 

A list of aliases for the hosts (usually a 

machine has several Internet names). 

The address type (it is usually an Internet 



address type). 

The address length (the length of the address 

in bytes). 

Other addresses (other addresses the machine 

is registered for). 

3. Get the service entry from the network database 

file, usually named /etc/services, using 

getservbyname(). This function returns a pointer to a 

structure containing the following information. 

Name of the service (the name is stored in the 

database file, in this case it is called 

"forward stream" as explained in section 

3.2.2). 

A list of aliases (other names that the service 

can be recognized with. It is usually stored 

in the same entry as the primary name). 

Protocol I.D. (name of protocol used with 

this service). 

Port number (protocol port number assigned 

to the service). 

4. Create a new socket structure for the new server 

using socket(). This function returns the socket 

number of the new socket. 

5. Assign the protocol port number and the local host 

address to a socket address structure using 
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bcopy() and simple assignments. 

6. Bind the socket address structure to the new socket 

created in step 4 using bind(). 

7. Set the maximum number of pending connection 

requests to the server using listen(). This step 

is necessary for the network software since it has 

to set up a queue for the specified number of 

simultaneous connection requests. 

Once the server is set up, the process waits for OASIS 

to request a connection in blocking mode. The following 

is a detailed explanation of the procedure of 

establishing a connection to the LCC. 

1. Get the host information about the LCC using 

gethostbyname(). This function returns a pointer 

to a structure containing information as explained 

in step 2 above. 

2. Create a new socket structure for the connection to 

the LCC using socket(). 

3. Assign the host information about the LCC and a port 

number for the service to the Internet socket 

address structure using the bcopy() and simple 

assignments. The port number for the service was 

directly assigned in this application. Another way 

to obtain this information is to put a service 
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entry in the database file of the local host. 

4. Request a connection to the LCC usinq connect(). 

For a detailed explanation of all the functions 

used above see (Comer 1988). The optional data is used 

by the server to determine whether the connection is 

established for telecommand or telemetry transmission. 

The current implementation uses different optional data 

strinqs for different applications. For example, for 

the SIRTF project, the optional data strinqs 

"SIRTF_TX_01" and "SIRTF_RX_01" were used. "SIRTF" 

siqnifies the name of the project. "TX" and "RX" 

siqnify that the socket will be used for telecommand 

and telemetry transmissions, respectively. The number 

siqnifies a particular RCC that has requested a 

connection. Fiqure 3.2.1 illustrates the convention 

used in assiqninq the optional data strinq. 

If the connection request or the server set-up 

fail, the process will terminate itself after printinq 

an appropriate error messaqe. Otherwise, the connection 

between OASIS, the transmission process and the LCC has 

been established and data transmission can beqin. The 

process waits for commands from OASIS users in blockinq 

mode, i.e., it does not do anythinq until it receives a 

command from OASIS. The recv() function was used to 
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Figure 3.2.1 : Optional Data String Naming Convention 

receive telemetry packets instead of read(), since 

read() is implemented as a macro which uses recv(); 

hence., recv() executes faster than read() . It was 

necessary to reverse the bit ordering of every byte in 

all commands received from OASIS because of a bug in 

OASIS (more on this in section 3.2.2). The CCSDS 
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primary and secondary headers used in this application 

are the same as the ones used in the astrometric 

telescope (Bienz and Hunter 1988) demonstration since 

there was no need for new information to be added to 

the secondary header. For information on the design of 

the CCSDS primary and secondary headers see (Bienz and 

Hunter 1988, Consultative Committee for Space Data 

Systems 1987). After all headers have been appended, 

the Telecommand packet is sent to the LCC in blocking 

mode. Since the TCP/IP software transmits the packet in 

stream mode, one byte at a time, it was necessary to 

define a buffer which holds one whole Telecommand 

packet so that only one packet can be transmitted at a 

time. The ssnd() function was used to transmit the 

packet instead of write() since send() is a more 

primitive function than write() and thus executes 

faster than write(). It has been tested that the rate 

of commands coming from OASIS is slower than the rate 

of telecommand transmission from the process to the LCC 

due to the slowness of OASIS. Hence, the process will 

not miss any of the commands from OASIS. 

When the users of OASIS decide to end the session, 

OASIS will send an end of connection signal, which 

results in 0 bytes being received by the transmission 

process. The process closes the connection channels and 
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sockets using shutdown() and close(), respectively. For 

explanations and a description of the allowable 

parameters of these functions see (FTP Software 1988, 

Comer 1988). 

Receiver Process 

The Receiver part of the interface software in the 

SUN/Unix operating system is implemented as another 

process independent from OASIS. The basic structure of 

the program is: 

procedure REC_PROC is 

declarations ... 

begin 

Set up a new server for OASIS; 

Get the local host information; 

Look up the forward stream service entry; 

Set up a new Internet socket for the server; 

Bind the socket to the specified service port; 

Set the number of maximum pending connection 

requests; 

Wait for OASIS to make a connection request; 

Establish a connection to the LCC; 

Get the host information about the LCC; 

Assign a port number for the service provided 

by the LCC; 



57 

Set up a new Internet socket for the connection 

to the LCC; 

Request a connection to the LCC; 

Get a socket descriptor from the LCC; 

Send optional data to signify a Telecommand 

channel. 

loop 

Wait for Telemetry packets from the LCC; 

if (end of connection) then 

shutdown the connection to OASIS; 

close the corresponding socket; 

shutdown the connection to the LCC; 

close the corresponding socket; 

exit; 

end if; 

Sends Telemetry packets to the LCC; 

end loop; 

error_handler 

end REC_PROC; 

The procedure for setting up a server for OASIS 

and establishing a connection to the LCC are the same 

as explained in the last section. Having set up the 

server and having established the connection to the 

LCC, the receiver process waits for telemetry packets 
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from the LCC in blocking mode. A buffer of the size of 

one telemetry packet is defined for the socket so that 

only one packet can be received at a time; otherwise, 

multiple packets would be received and sent to OASIS 

which would assume that they constitute a single 

packet. The recv() function was used instead of read() 

for the same reason as explained in the last section. 

Once the receiver process receives a Telemetry packet, 

it transmits the packet directly to OASIS. The send() 

function was used instead of write() for the same 

reason as explained in the last section. The receiver 

process terminates itself whenever one of the following 

conditions occurs. 

1. The LCC shuts down the connection link and 

closes the socket. 

2. The connection request to LCC fails. 

3. The socket creation fails. 

The implementation of this process was straightforward 

since there was no need to manipulate bits or bytes on 

the telemetry packets. However, the latest_data table 

in the OASIS database had to be modified considerably. 

For more information on the modification on the 

latest_data and streams tables see (OASIS Generic 

Communication Support Guide 1990). 
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Problem Discussions 

There were three major problems encountered during 

the development of the transmitter process. One problem 

was caused by a bug in OASIS, another one was caused by 

an alignment problem, and the last one was caused by a 

record representation incompatibility between the 

Verdix, PC-Meridian and DEC ADA compilers. All problems 

are discussed in detail in the rest of this section. 

Bug in OASIS version 02.05.01 

The commands received from OASIS are supposed to 

be in ASCII format. However, due to a small bug in 

OASIS, bit ordering in each byte of the command is 

reversed, i.e., the most significant bit is received as 

the least significant bit and vice versa. Therefore, 

bit-ordering in each byte has to be reversed before 

appending any CCSDS headers. 

The Record Alliqnment Problem 

Due to the nature of the record representation in 

the Verdix ADA and PC-Meridian ADA compilers, it was 

necessary to reverse the bit-ordering and byte ordering 

in some of the fields in the headers. To further 

illustrate how records are represented in the Verdix 
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compiler, please, refer to figure 3.2.2. Since the PC-

Meridian ADA compiler record representation agrees with 

the DEC-ADA record representation, it was decided to 

use it as the standard. Thus any modification in the 

headers must be done on the transmitter process. To 

illustrate the swapping of bits and bytes in the 

headers, the following are the CCSDS primary and 

secondary headers' field bit-mapping for the 

telecommands. 

Primary Header Record 

FIELDS 

Version 

Packet_Type 

WORD OFFSET 

0 

0 

Primary Header Record (continued) 

FIELDS WORD OFFSET 

Secondary_Header_Present 0 

Application_Process_ID 0 

Last_Segment_Flag 1 

First_Segment_Flag 1 

Source_Sequence_Count 1 

Packet_Length 2 

NOTE: 

1 WORD = 2 BYTES or 2 OCTETS. 

BIT RANGE 

13..15 

12..12 

BIT RANGE 

11..11 

00..10 

15..15 

14..14 

00..13 

00..15 
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The fields in the CCSDS primary header were 

explicitly defined in the CCSDS telemetry and 

telecommand blue books, issues 1 and 2 (CCSDS 1987). 

Hence, the content of this header is fixed unless it is 

changed by the committee. 

The arrangement of the fields of the secondary 

header record definition in the system memory was 

implicitly defined by the Ada compiler. It was not 

possible to define it explicitly because of the word-

boundary condition imposed by the PC-Meridian Ada 

compiler. Thus it is compiler dependent. This really 

agonized the debugging process since it was not known 

how the bits in each field were organized. The 

following is a definition of the number of bits used in 

the record. 

Secondary Header Record 

FIELDS NUMBER OF BITS 

CCSDS_Header_Format 1 

Packet_Content_ID 7 

Time 56 

Spare 5 

Originator_lD ll 

From the above definition, the Secondary Header 

record only needs a memory space of 80 bits or 10 
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M68000 Family Addressing and Bit Numbering* 

M 
S 
B 

L 
S 
B 

most significant bit 

least significant bit 

address A 

bits within 
a byte 

15 a 7 0 
U L U L 
s S s S 
B B B B 

~ri -4 Tflyn'Kir 1 

address A 
$ 

bits within 
a word 

address A+1 

• address of the word 

31 2 4 2 3  

address A 

16 IS a 7 

A 

address A+1 address A+2 

address of the longword 

address A+3 

bits within 
a longword 

For bit field instructions, the bits are numbered 
differently. This numbering is used for record 
representation specifications 

0 7 0 7 0 7 

bit field bit numbers— 1C11 

address A address A+1 address A+2 address ... 

-address of the bit field 

Figure 3.2.2 : Verdix Ada Record Representation 
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bytes. However, the Verdix ADA compiler has to 

represent the record in 12 bytes because of the 

alignment problem in the record representation. The 

following is an explanation of the representation of 

the Secondary Header record. According to the Verdix 

ADA compiler documentation (Verdix 1988), each longword 

consists of four bytes, and must start on an even 

address location. Hence the first two fields are placed 

in the first byte of the record. The second field needs 

7 bytes of space; however, it is strangely represented 

by 2 longwords which is actually a byte larger than 

needed. Since the first byte which is byte number 0 has 

been occupied by the first two fields, the second field 

must start at an even numbered space. So it skips byte 

number 1 and starts at byte number 2 which is the third 

byte; thus, it wastes one more byte. The last two 

fields are represented as a single word which occupies 

the last two bytes of the space. 

To solve the alignment problem, the size of the 

field time is reduced to 48 bits so that it can be 

represented by a longword and a word. This solution may 

represent a problem when the time field is used in an 

application. The time field was not used in this 

project; thus, no problem resulted. 



Verdix Ada Record Representation Problem 

To solve the record representation problem the 

following fields in the primary and secondary headers 

were fixed. The bits in the first two bytes of the 

primary header record were reversed. Bits occupied by 

the field Application_Process_I.D., bits 0 through 10 

in the first word, had to be reversed further because 

of the record representation in Verdix ADA (refer to 

figure 3.2.2 for more detail). The bit-ordering in the 

next two bytes was also reversed. It was not necessary 

to reverse the bit-ordering in the last two bytes; 

however, the byte-ordering needs to be reversed. The 

bit-ordering in the first byte of the secondary header 

was reversed. Finally, the order of the last 11 bits 

were also reversed. 

A trial-and-error method was used to debug these 

problems; hence, it took a considerable amount of 

effort and time to fix these problems. There was no 

support from the University of Colorado at all since 

they do not use CCSDS headers in their applications. 

3.2.3 Implementation in the MicroVMS operating System 

In the MicroVMS operating system the transmitter 

and receiver processes receive commands from and 

transmit telemetry packets to OASIS through permanent 
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mailboxes. Each process has to create its own mailbox. 

One mailbox, called MBX_OUT, is used to transmit 

commands and the other one, called MBX_IN, is used to 

receive telemetry packets. The following is the 

procedure to create a hew permanent mailbox and to 

communicate with it properly. 

1. Update the OASIS database to accommodate the 

use of mailboxes. For more detailed 

information see (OASIS Generic .Communication 

Support User's Guide 1990). 

2. Define the following system logical names in 

the OASIS logical process table. 

DEFINE/TABLE=LNM$PROCESS_DIRECTORY 

LNM$TEMPORARY_MAILBOX LNM$SYSTEM 

3. Make sure that the account has SYSNAM and 

PRMMBX privileges which are necessary to 

create permanent mailboxes. There are two 

kinds of mailboxes, permanent and temporary. 

The difference between the two is a matter of 

when they are terminated. When a mailbox is 

created, it is automatically assigned a 

channel by the operating system. When a 

process which uses the channel to a mailbox 

is terminated, the I/O channel is also 

deassigned from the mailbox. A temporary 
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mailbox is automatically deleted by the 

system as soon as no more I/O channels are 

assigned to it. A permanent mailbox has to be 

marked for deletion using the SYS$DELMBX 

system service before it can be deleted by 

the system. Once it is marked, it is like a 

temporary mailbox; when no more I/O channels 

are assigned to it, it is automatically 

deleted by the system. Permanent instead of 

temporary mailboxes were used because OASIS 

is not able to recognize a temporary mailbox. 

The reason for this is that the account from 

which the temporary mailbox was created and 

the software development was done is under a 

different group name and process name from 

OASIS. Nevertheless, as long as the mailboxes 

are deleted when the process is finished, no 

problems will result from this situation. 

The following is the appropriate procedure to run 

an OASIS demonstration using mailbox communication. 

1. Log into OASIS_DEMO account. 

2. Submit the command file "RUN_SIRTF_TRANS.COM" 

as a batch job. 

3. Execute the command file "RUN SIRTF REC.COM" 
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and wait until the messages indicating that 

both setups are finished appear. 

4. Set up the appropriate OASIS database and run 

it. The demonstration can begin at this point. 

All of the Multinet socket library functions are C 

object codes which can be linked with any other object 

codes using the VMS linker. The transmitter and 

receiver processes are both written in ADA; therefore, 

certain procedure must be followed to use the C 

functions properly. For details of interfacing ADA 

programs with C object codes see the VAX Ada Language 

Reference Manual (Digital Equipment Corporation 1985). 

Transmitter Process 

The transmitter part of the interface software in 

the MicroVMS operating system is implemented as a 

process independent from OASIS. The basic structure of 

the program is: 

procedure TRANS_PROC is 

declarations ... 

begin 

Establish a connection to the LCC; 

Get host information about the LCC? 

Assign a port number for service provided by 
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the LCC; 

Set up a new Internet socket for connection 

to the LCC; 

Request a connection to the LCC; 

Get a socket descriptor from the LCC; 

Send optional data to signify a telecommand 

channel. 

Create a permanent mailbox for command 

transmission. 

loop 

Wait for commands from OASIS users; 

if (end of connection) then 

exit ; 

end if; 

Append appropriate CCSDS primary and 

secondary headers to the commands; 

Send the commands to LCC; 

end loop; 

«end_trans>> 

shutdown connection to OASIS; 

close corresponding socket; 

delete permanent mailbox; 

end TRANS PROC; 

The process of establishing a connection to the 
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LCC is the same as in the SUN/Unix operating system. 

Please refer to section 3.2.2 for more details. Once 

the connection is established, the process creates a 

permanent mailbox, MBX_OUT, using the SYS$CREMBX system 

service with the following parameters. 

status (signifies the success of the operation). 

prmflg (TRUE signifies a permanent mailbox. FALSE 

indicates a temporary mailbox. It is set to 

TRUE for a permanent mailbox). 

Note : this will not be allowed unless the 

user has SYSNAM and PRMMBX privileges, 

(the logical link number of the created 

mailbox). 

(maximum size(in bytes) of a message that can 

be sent to the mailbox. It is set to 80 

bytes). 

bufquo (the size of the buffer(in bytes) to be 

allocated for the mailbox. It is set to twice 

the size of the maximum size of the message). 

promsk (protection mask to be associated with the 

mailbox. It is set to 0 which grants read, 

write and logical access to all users). 

lognam (logical name to be assigned to the mailbox. 

It is set to "MBX_OUT"). 

chan 

maxmsg 
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If either the socket connection request or the 

mailbox setup fails, then the transmitter process will 

terminate itself after printing an appropriate error 

message to the screen. Otherwise, it waits for commands 

in blocking mode from OASIS. When a command arrives in 

the mailbox, the transmitter process takes it out, 

appends the appropriate CCSDS primary and secondary 

headers and sends it out to the LCC in blocking mode. 

The CCSDS headers used in this application are the same 

as the ones used in the astrometric telescope 

demonstration since there was not any need for new 

information to be added to the secondary header. The 

process terminates itself whenever one of the following 

conditions occurs. 

1. The command string received is SET SHUTDOWN = 1 

2. The LCC shut down the connection link and 

closes the connection socket. 

3. The connection request failed. 

4. The permanent mailbox creation failed. 

The transmitter process has to set up the mailbox 

and its parameters according to the specifications 

which were written in the OASIS database. Therefore, it 

must be executed before OASIS can establish a logical 
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link to the mailbox. 

Receiver Process 

The receiver process is implemented as another 

separate process. Communication with OASIS is 

accomplished through the use of a mailbox. However the 

processing of the return stream through the mailbox is 

very limited in the current implementation of OASIS. 

The telemetry packet transmission has to be in 

synchronization with the OASIS receiver task. That is, 

when one packet is written to the mailbox, it has to be 

read by the OASIS receiver task before another packet 

can be written to the mailbox. Otherwise, OASIS assumes 

that these packets constitute a single packet. OASIS 

needs about 3 seconds to read one packet and update all 

the display windows. LCC sends packets at a maximum 

rate of 6 packets/second; therefore, it is not possible 

to read the socket and write to the mailbox 

sequentially since the incoming rate can be greater 

than the output rate. For this reason, the process was 

designed as two ADA tasks since they execute in 

parallel and the execution time for each task can be 

controlled through the time slicing method. One task 

waits for telemetry packets from the LCC and puts them 

in a queue. The other task gets telemetry packets from 
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the queue, one at a time, and writes them to the 

mailbox. The basic structure of the procedure is: 

procedure REC_PROC is 

declarations... 

task WR_MBX is 

end WR_MBX; 

task body WR_MBX is 

declarations ... 

begin 

loop 

if (queue is not empty) then 

get a packet from the queue; 

write the packet to the mailbox and 

update content of the queue; 

else 

delay 2.0; 

end if; 

end loop; 

end WR_MBX; 

begin 

Establish a connection to the LCC; 

Get host information about the LCC; 

Assign a port number for service provided by 

the LCC; 



Set up a new Internet socket for connection 

to the LCC; 

Request a connection to the LCC; 

Get a socket descriptor from the LCC; 

Send optional data to signify a Telemetry 

channel. 

Create a permanent mailbox for telemetry packet 

transmission. 

loop 

Wait for telemetry packets from the LCC; 

if (end of connection) then 

exit ; 

end if; 

if (queue is not full) then 

Put Telemetry packet in the queue; 

else 

print error message to the local CRT; 

end if; 

end loop; 

«clean_up>> 

shut down connection to LCC; 

close the socket; 

delete permanent mailbox; 

abort WR_MBX; 

end REC PROC; 
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From this point on the phrase main task refers to 

the main body of the procedure REC_PROC. The process of 

establishing a connection to the LCC is the same as in 

the SUN/Unix operating system. Please refer to section 

3.2.2 for more details. Once a connection is 

established, a permanent mailbox, MBX_IN, is created 

using the SYS$CREMBX system service with the following 

parameters: 

status (signifies the success of the 

operation). 

prmflg (TRUE signifies a permanent mailbox. 

FALSE indicates a temporary mailbox. It 

is set to TRUE for permanent mailbox). 

Note : this will not be allowed unless 

the user has SYSNAM and PRMMBX 

privileges. 

(the logical link number of the created 

mailbox). 

(maximum size(in bytes) of a message 

that can be sent to the mailbox. It is 

set to the size of one Telemetry 

packet). 

bufquo (the size of the buffer(in bytes) to be 

allocated for the mailbox. It is set to 

twice the size of Telemetry packet). 

chan 

maxmsg 



promsk (protection mask to be associated with 

the mailbox. It is set to 0 which grants 

read, write and logical access to all 

users). 

lognam (logical name to be assigned to the 

mailbox. It is set to "MBX_IN"). 

If either the socket connection request or the 

mailbox setup fails, then the main task will terminate 

itself after aborting the WR_MBX task and printing an 

appropriate error message to the screen. Otherwise, it 

waits for incoming telemetry packets in blocking mode. 

The recv() function is used to receive telemetry 

packets and a buffer of the size of one telemetry 

packet is allocated for it. This prevents multiple 

packets from being queued in the buffer. When a 

telemetry packet has been received, the main task 

checks whether or not it is an end of connection 

signal. If it is, then the connection to the LCC will 

be closed, the permanent mailbox will be deleted, and 

the process will terminate itself. Otherwise, the main 

task checks whether or not the queue is full. If it is, 

then an error message will be printed out to the local 

CRT. Otherwise, the packet is put into the queue. The 

WR_MBX task always checks whether or not the queue is 
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empty. If it is, then it will give up the CPU cycles 

for a period of time before it does another check. The 

period is assigned through the use of the delay(). The 

amount of time is calculated in the next section. 

Otherwise, the packet is pulled out of the queue and 

written to the mailbox. It is necessary to wait for the 

OASIS receiver task to read the packet before getting 

the next packet from the queue. When the packet is 

read, it checks whether or not the read was successful. 

If it was, then it will get the next packet; otherwise, 

it rewrites the same packet to the mailbox and repeats 

the same procedure for three more times. If it is still 

unsuccessful, then it terminates itself. The design of 

the receiver process seems to be straightforward; 

however, the implementation required a lot of careful 

thinking of such things as the amount of CPU cycles for 

each task, delay time, rate of incoming and outgoing 

packets and size of the queue needed. All of these 

factors are related; therefore, a wrong estimate on one 

value would affect the others. An explanation of how 

the values for these factors were estimated will be 

presented in the next section. 
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Problem Discussions 

Multinet Socket Library Problem 

There were two problems encountered with the use 

of the Multinet socket library. It has not been 

determined what the cause of the problems were. Both 

problems were with the use of two functions from the 

Multinet socket library, setsockopt() and 

socket_ioctl(). Both problems were reported to the 

vendor, but there was no response. The nature of both, 

problems seem to be similar; hence, only setsockopt() 

is described. The setsockopt() was being used to set 

the socket option to SO_LINGER so that the socket is 

not closed unless there is no more unread or unsent 

data left in it. When the function was executed, the 

system responded with an error message. The message 

indicated that it was unable to set the socket option 

as required since access to the socket was denied. The 

problem was inconsistent, however. Sometimes it 

happens, and other time it does not. It was not clear 

whether the operating system was causing this problem 

or the software has a bug in it. Since the cause could 

not be determined nor the problem fixed, this function 

was not used at all. The same problem happens when the 

socket_ioctl() function is used to set a socket into 
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non-blocking mode. As a result of these problems, all 

operations on the socket such as send() and recv() must 

be done in blocking mode. Fortunately, this did not 

cause a real disaster since non-blocking mode can be 

emulated with the use of time slicing. 

Timing Problem 

There was a timing defect problem during the 

implementation of the receiver process. The problem is 

hardware dependent^ therefore, it was really hard to 

solve. Since both tasks in the receiver process must be 

running in parallel, the time-slicing method was used 

to determine the amount of time to be allocated for 

each task. The program has to be tuned over and over to 

determine the correct estimate of execution time for 

each task. This can actually be avoided by setting the 

amount to a minimal value since the less time each task 

has, the higher the probability of catching the 

telemetry packet at the right time. However, it would 

unnecessarily occupy valuable CPU cycles because of the 

task switching overhead. The right amount of time can 

be closely estimated by determining the maximum rate of 

incoming telemetry packets from the LCC. This rate 

depends on how fast the LCC can execute the command, so 

it is actually hardware dependent. Nevertheless, the 
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maximum rate has to be greater than the time needed to 

transmit one telemetry packet which is calculated 

below. 

Ethernet transfer rate = 10 Megabits/second 

Size of one telemetry packet = 2176 bits/packet 

Each Telemetry packet is transmitted to the TCP/IP 

Network Software which appends a TCP header. The whole 

packet is then encapsulated in an IP header which is 

further encapsulated in an Ethernet frame header. The 

sizes of the various headers are: 

Size of Ethernet Frame Header = 176 bits/packet 

Size of Ethernet Frame Trailer = 32 bits/packet 

Size of TCP and IP Header = 320 bits/packets 

(minimum) 

Minimum total size of the Telemetry packet = 

2704 bits/packet 

Therefore, minimum time to travel across the 

network = 0.2704 msec/packet. 

The fastest execution time of a simulation command in 

the LCC was measured to about 0.1 second. Therefore, 

the execution time for each task is estimated as 0.1 

second. To further optimize the use of CPU cycles by 

the process, every time the task WR_MBX checks the 

queue and no packet is available, it gives up its 

processor time for 2 seconds by executing aa Ada 



delay() command as was mentioned in the previous 

section. The amount of this time allocation depends on 

the size of the queue since telemetry packets may come 

in at any rate during the 2 second interval. Assuming 

that the packets come in at maximum rate, the maximum 

amount of storage needed for the queue is 20 packets. 

All these numbers are only estimates. The exact numbers 

are very difficult to determine since there are many 

factors involved such as network traffic, number of CPU 

cycles needed to execute one instruction in the LCC and 

the RCC, etc. Nevertheless, the software was 

successfully tested over and over using all available 

commands. It is unfortunate that for different 

application these numbers may be totally invalid. 

3.3 Local Controlling Computer 

The LCC used for the SIRTF project was an IBM-PC/XT 

compatible with 640 KB of RAM, DOS version 3.21 operating 

system and PCTCP TCP/IP Network Software for MS-DOS. A 

MicroVAX workstation with MicroVMS version 4.7 operating 

system and Multinet Network Software was used for the LCC in 

the astrometric telescope project. Software in both LCCs 

were modified to accommodate the change in data 

communication protocol from DECnet to TCP/IP. Modifications 

to the software in the LCC for the SIRTF and astrometric 
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telescope projects will be explained in section 3.3.2 and 

3.3.3, respectively. All of the socket library functions are 

C object codes which can be linked with other object codes 

using the MicroVMS linker. The application software in both 

LCCs is written in ADA; therefore, certain procedures must 

be followed to link all the software properly. For details 

of interfacing ADA programs with C object codes see the VAX 

Ada : Language Reference Manual (Digital Equipment 

Corporation 1985) for the DEC/ADA compiler and Meridian 

AdaVantage Compiler User's Guide (Meridian Software Systems 

1988) for the PC-Meridian/ADA compiler. 

The following steps are required to compile and link 

the C and ADA programs on the IBM-PC/XT. All the ADA program 

files are stored in sub-directory c:\ada, and the C program 

files are located in sub-directory c:\usr\wib\tcp. 

1. Compile the C functions using the command; cl /AL 

/c /Gs filename.c. The /AL option specifies a 

large model. The parameter /c causes an object 

file to be created on disk. Finally, the last 

option /Gs is added to inhibit the compiler from 

checking the stack, as suggested by the PC-

Meridian/ADA compiler. 

2. Compile each Ada module. Large Ada files need to be 

compiled using the command; ADA2 filename.ada. 

Smaller files are compiled by; ADA filename.ada. 



3. Create a linkable Ada object file (SIRTF_MAIN.OBJ) 

using the command; bamp -r -V c:\s.tmp SIRTF_MAIN. 

The option -V tells the compiler to use the file 

c:\s.tmp as a swapping device. Execution time can 

be improved by using RAM disk instead of a hard 

disk. 

4. Link SIRTF_MAIN.OBJ to the C object codes by using 

the DOS linker. Some of the codes are linked into 

a library file and some are not. 

Note : Steps 1 and 2 may be interchanged with steps 3 

and 4. 

The MicroVAX used in the astrometric telescope project 

is located in ECE building room 208. The node name for the 

MicroVAX is Pueblo. All the files for the communication 

process are stored in sub-directory $diskl:[wibowo.atf]. The 

following are the steps to compile and link the C and Ada 

codes in the MicroVAX. 

1. Compile all of Ada programs in the above sub

directory using the following command. 

ADA <Ada program file name> 

2. Compile the C program files using the following 

command. 
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acs link simu sys$input:/opt 

C object code file name 

multinet:multinet_socket_library/share 

sys$share:vaxcrtl/share 

AZ 

Note : A file to accomplish step 3 is available in 

the same sub-directory. The name of the file is 

"ls.com". 

3.3.1 Hardware and software 

Before discussing the detail of implementation, it 

is worthwhile to note the advantages and disadvantages 

of the various pieces of hardware and software that 

were used to develop this software. 

IBM-PC/XT compatible 

This PC was used as the LCC in the SIRTF 

project as described above. 

Disadvantages : 

The PC is much too slow for the Ada 

compiler. It takes approximately one hour to 

compile and link the Ada programs thoroughly. 

The amount of RAM installed is too small 

for the ADA compiler. All resident and device 

drivers have to be unloaded to compile some 

programs although there is a batch mode 



operation which avoid the unloading of these 

programs. However it makes the compilation 

even slower. 

Disk space is limited. 

Meridian ADAvantaae compiler version 2.2 

This is the ADA compiler which was used to 

compile the ADA programs in the PC. It is 

developed and supported by Meridian Inc. located 

in Northern California. It runs under DOS version 

2.1 or higher. 

Advantages : 

Standard record representation is used. 

Technical support is available even 

though it usually takes one or two days to 

get a response from the company. 

An Interface to Microsoft C object codes 

is provided. 

Disadvantages : 

Time slicing is not supported. 

Some packages do not follow the standard 

specifications. 

There are some problems with naming 

conventions as was mentioned in the previous 

work by Bienz and Hunter (1988). 
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PC/TCP Network Software for MS-DOS 

This is an excellent software package which 

is used in the PC to interface with the Ethernet 

board. It comes with Developer's Kit software 

which provides socket programming development. It 

is developed and supported by FTP Software Inc,. 

Advantages : 

The BSD/Unix standard naming convention 

is used in all socket library functions. 

The documentation is clear and well 

written. 

A tar utility which can be used to 

backup the hard disk to the tape across the 

network is provided. 

Disadvantages : 

Neither technical support nor update 

license are available. 

3.3.2 TCP/IP Socket Manager Task 

The TCP_lP_Socket_Manager replaces the DECnet 

Logical Link Manager. Both are written as an ADA task. 

For a functional description of the DECnet Logical Link 

Manager task see (Bienz and Hunter 1988). The purpose 

of this task is to manage the establishment and 

disconnection of the receiving (for telecommands) and 
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transmitting (for telemetry) TCP/IP connection links to 

the RCC. This task does not assume that it may only 

communicate with a particular RCC. On the contrary, it 

will communicate with any machine connected to the 

University of Arizona Ethernet network that passes it 

the correct information discussed below. On the PC, 

this task calls the PCTCP socket library functions (a 

collection of C functions) in preparation for the 

reception and processing of incoming connection 

requests from a RCC. It calls the Multinet socket 

library functions to do the same things on the 

MicroVAX. When a request is received, it is processed 

to determine whether or not the request contains the 

needed information for acceptance. The term socket is 

used to refer to a logical entity through which 

communication is performed with another machine on the 

University of Arizona Ethernet network. 

Implementation in MS-DOS Operating System 

As in the SUN/Unix workstation, it is necessary to 

set up the PC as a server properly. To accomplish this, 

a service entry may be defined in the network database 

file "services" which is stored in the sub-directory 

c:\pctcp\etc. The service entry is named "telescience" 

and port number 3 has been assigned to it. It is not 
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mandatory to put a new service entry in the network 

database file every time a new service is created. The 

port number can be directly assigned to the socket 

address structure, so there is no need to look up the 

service entry in the network database file. 

Nevertheless it is good practice to keep track of all 

the services in the network database file. 

The structure of the software used in the SIRTF 

project was taken from the remote fluid handling 

project (Pan and Lew 1988). A block diagram of the 

structure of the software is shown in figure 3.3.2.1. 

Due to functional modularity of the software, the only 

needed modification was in the communication part, 

which includes three tasks: the DECnet Logical Link 

Manager, the ADA/DECnet Interface and the DECnet/ADA 

Interface. This section discusses the modification 

which was done to the three tasks. The modified 

software is illustrated in figure 3.3.2.2. The tasks 

TCP_IP_Socket_Manager, ADA_TCP_Interface and 

TCP_ADA_Interface replace the DECnet Logical Link 

Manager, the ADA/DECnet Interface and the DECnet/ADA 

Interface, respectively. The basic structure of the 

socket manager task is as follow. 
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task body TCP_IP_socket__manager is 

declarations ... 

begin 

Set up a new server for the RCC; 

Get the local host information; 

Look up the "telescience" service entry in 

the network database file; 

Set up a new Internet socket for the server; 

Bind the socket to the specified service 

port ; 

Set the number of maximum pending connection 

requests; 

Set the socket option to non-blocking mode; 

loop 

if (transmitter channel not assigned and receiver 

channel not assigned) then 

Look for connection requests; 

if (no connection requests are available) 

then 

surrender processor time; 

else 

Get optional data string; 

if (OASIS transmitter channel is 

requested) then 

Assign channel number to 



transmitter channel; 

Start TCP/ADA Interface task; 

elsif (OASIS receiver channel is 

requested) then 

Assign channel number to receiver 

channel; 

Start ADA/TCP Interface task; 

else 

Refuse connection request; 

Print error message to local CRT; 

end if; 

end i f; 

end if; 

select 

when transmitter channel assigned => 

accept deassign_transmitter_channel; 

Shutdown OASIS transmitter connection 

link; 

Close corresponding socket; 

or 

when receiver channel assigned => 

accept deassign_receiver_channel; 

Shutdown OASIS receiver connection link; 

Close corresponding socket; 

or 



92 

NULL; 

end select; 

end loop; 

end TCP_IP_socket_manager; 

The process of setting up a new server in the Internet 

domain is presented in detail below. 

1. Get the name of the local host using the 

gethostname(). 

2. Get the local host information using the 

gethostbyname(). This function returns a pointer 

to a structure containing the following 

information. 

The official host name (the internet name 

of the machinex) . 

Aliases for the host (usually a machine 

has several Internet names). 

Address type (this is usually 

Internet address type). 

Address length (the length of the 

address in bytes). 

Other addresses (other addresses the 

machine is registered for). 

3. Get the service entry from the network database 

file, using the getservbyname(). This function returns 
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a pointer to a structure containing the following 

information. 

Name of the service (the name is stored in 

the database file as explained in section 

3.2.2, in this case it is called 

"telescience"). 

A list of aliases (other names that the 

service can be recognized with. It is usually 

stored in the same entry as the primary 

name). 

Protocol I.D. (name of protocol used 

with this service). 

Port number (protocol port number 

assigned for the service). 

4. Create a new socket structure for the new server 

using the socket(). This function returns the 

socket number of the new socket. 

5. Assign the protocol port number and local host 

address to a socket address structure using the 

bcopy() and simple assignments. 

6. Bind the socket address structure to the new socket 

created in step 4 using the bind(). 

7. Set the maximum number of pending connection 

requests to the server using the listen(). This 

step is necessary for the network software since 
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it has to set up a queue for the specified number 

of simultaneous connection requests. 

8. Set the socket option to non-blocking mode using 

the setsockopt(). 

All of the functions in the socket library of 

PCTCP Network Software were written in C; thus, certain 

procedures must be followed to achieve a proper 

interface between the ADA tasks and these functions. 

For more information on how the interface must be done 

see the PC/TCP Socket Library Reference Guide (FTP 

Software 1988). Once the server is set up, the process 

waits for the transmitter or receiver process in the 

RCC to request a connection in non-blocking mode. Non-

blocking mode had to be used instead of blocking mode 

because the ADA compiler used for the PC does not 

support the time slicing method for tasking. If the 

blocking mode was used, this task would occupy all CPU 

cycles which is clearly undesirable. When a connection 

request has arrived, the task waits for an optional 

connect data string. This string will be used to 

determine whether the request is for a telecommand or a 

telemetry channel. If the string is valid, then the 

task will assign a channel number, either a telecommand 

or a telemetry channel depending on the optional 
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connect string. Otherwise, it will refuse the 

connection request by shutting down the connection link 

and closing the corresponding socket. Then it prints 

out an error message to the local CRT and waits for 

another connection request. 

Next the task TCP/ADA Interface or ADA/TCP 

Interface is activated, depending on the optional 

connect string, to receive telecommand or transmit 

telemetry packets, respectively. When both telecommand 

and telemetry channels have been assigned, the task 

stays idle until disconnection is requested at which 

point a rendezvous is performed between this task and 

the command interpreter. The select statement at the 

bottom of the loop is used as an entry point for the 

command interpreter when it receives a disconnect 

command. Disconnect means that the telemetry and 

telecommand connection links are to be disconnected and 

the corresponding sockets are to be closed. After 

disconnection has been performed, the TCP/ADA Interface 

task and ADA/TCP Interface task are terminated 

accordingly. Once disconnected, the task waits for a 

new connection request to arrive. 

Implementation in MicroVMS Operating System 

To set up the MicroVAX workstation as a server 
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properly, a service entry may be defined in the network 

database file "hosts.services" or "hosts.local" which 

are stored in sub-directory multinet_root:[multinet]. 

This is similar to the procedure previously described 

for the PC and SUN/Unix workstation. The service entry 

was named "telescience" and port number 3 535 was 

assigned to it. SYSTEM privilege is required to modify 

these files. It is not mandatory to put a new service 

entry in the network database file every time a new 

service is created. The port number can be directly 

assigned to the socket address structure. For this 

reason there is no need to look up the service entry in 

the network database file. Nevertheless it is good 

practice to keep track of all the services in the 

network database file. The basic structure of the task 

is similar to the PC implementation except for the 

socket option being used. It is as follows: 

task body TCP_IP_socket_manager is 

declarations ... 

begin 

Set up a new server for RCC; 

Get local host information; 

Look up "telescience" service entry in the 

network database file; 
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Set up a new Internet socket for the server; 

Bind the socket to the specified service 

port ; 

Set the number of maximum pending connection 

requests; 

loop 

if (transmitter channel not assigned and 

receiver channel not assigned) then 

Look for connection requests; 

if (no connection requests are available) 

then 

surrender processor time; 

else 

Get optional data string; 

if (OASIS transmitter channel is 

requested) then 

Assign channel number to 

transmitter channel; 

Start TCP/ADA Interface task; 

elsif (OASIS receiver channel is 

requested) then 

Assign channel number to receiver 

channel; 

Start ADA/TCP Interface task; 

else 
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Refuse connection request; 

Print error message to local CRT; 

end if; 

end if; 

end if; 

select 

when transmitter channel assigned => 

accept deassign_transmitter_channel; 

Shutdown OASIS transmitter connection 

1 ink; 

Close corresponding socket; 

or 

when receiver channel assigned => 

accept deassign_receiver_channel; 

Shutdown OASIS receiver connection link; 

Close corresponding socket; 

or 

NULL; 

end select; 

end loop; 

end TCP_IP_socket_manager; 

The process of setting up a new server in the 

Internet domain is presented in detail below. 

1. Get the name of the local host using 
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the gethostname(). 

Get the local host information using the 

function gethostbyname(). This function 

returns a pointer to a structure containing 

the following information. 

The official host name (the internet 

name of the machine). 

Aliases for the host (usually a 

machine has several Internet 

names). 

Address type (it is usually 

Internet address type). 

Address length (the length of 

the address in bytes). 

Other addresses (other 

addresses the machine is registered 

for) . 

Get the service entry from the network database 

file, using the getservbyname(). This 

function returns a pointer to a structure 

containing the following information. 

Name of the service (the name is 

stored in network database file 

"hosts.local,11 in this case it is 

called "telescience"). 
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A list of aliases (other names 

that the service can be recognized 

with. It is usually stored in the 

same entry as the primary name). 

Protocol I.D. (name of protocol 

used with this service). 

Port number (protocol port 

number assigned for the service). 

4. Create a new socket structure for the new 

server using the socket(). This function 

returns the socket number of the new socket. 

5. Assign the protocol port number and local host 

address to a socket address structure using 

the bcopy() and simple assignments. 

6. Bind the socket address structure to the new 

socket created in step 4 using the bind(). 

7. Set the maximum number of pending connection 

requests to the server using the listen(). 

This step is necessary for the network 

software since it has to set up a queue for 

the specified number of simultaneous 

connection requests. 

8. Set the socket option to non-blocking mode 

using the setsockopt(). 
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Once the server is set up, the process waits for 

the transmitter or receiver process in the RCC to 

request a connection in blocking mode. Blocking mode 

was used in this case as opposed to non-blocking 

because time slicing is available in this compiler. 

When a connection request has arrived, the task waits 

for an optional connect data string which will be used 

to determine whether the request is for a telecommand 

or a telemetry channel. If the string is valid, then 

the task will assign a channel number to either a 

telecommand or a telemetry channel depending on the 

optional connect string. Otherwise, it will refuse the 

connection request by shutting down the connection link 

and closing the corresponding socket. In this case it 

prints out an error message to local CRT and waits for 

another connection request. 

Next the task TCP/ADA Interface or ADA/TCP 

Interface is activated, depending on the optional 

connect string, to receive telecommand or transmit 

telemetry packets, respectively. When both telecommand 

and telemetry channels have been assigned, the task 

stays idle until disconnection is requested at which 

point a rendezvous is performed between this task and 

the command interpreter. The select statement at the 

bottom of the loop is used as an entry point for the 
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command interpreter when it receives a disconnect 

command. Disconnect means that the telemetry and 

telecommand connection links are to be disconnected and 

corresponding sockets are to be closed. After 

disconnection has been performed, the TCP/ADA Interface 

task and ADA/TCP Interface task are terminated. Once 

disconnected, the task waits for a new connection 

request to arrive. 

3.3.2 TCP/ADA Interface Task 

The TCP/ADA Interface block was implemented as an 

ADA task on the LCC. The purpose of the task is to 

provide an interface between the TCP/IP Network 

Software and ADA software so that incoming CCSDS 

telecommand packets, received by the TCP/IP Network 

Software, may be transferred to the ADA software. When 

the task receives a new packet, it sends it to the 

CCSDS primary depacketizer for initial processing. The 

TCP_IP_Socket_Manager task must rendezvous with it 

before this task is able to receive any packets. An 

input channel number is also passed to it during the 

rendezvous. This channel number is assigned inside the 

TCP_IP_Socket_Manager task. Since implementations in 

MS-DOS and MicroVMS have the exact same basic 

structure, both are presented in this section. 
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task body TCP_ADA_Interface is 

declarations ... 

begin 

initialize variables; 

loop 

accept receiver_channel_request(channel : in 

integer) do 

assign channel number to receiver 

channel; 

end receiver_channel_request; 

if (io_channel > 0) then 

loop 

select 

accept deassign_connection_link; 

exit; 

else 

wait for Telecommand packet in the 

socket; 

if (no packet has arrived) then 

surrender processor to other 

task; 

elsif (end of connection) then 

disconnect receiver channel; 

disconnect transmitter 

channel; 
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else 

pass the packet to primary 

depacketizer task; 

end if; 

end select; 

end loop; 

end if; 

end loop; 

end TCP_ADA_Interface; 

Implementation in MS-DOS Operating System 

The details of operation of the task in the PC are 

as follows: 

1. After initializing appropriate variables, the 

task waits for a channel number to be passed 

to it from the TCP_IP_Socket_Manager task 

before doing anything else. This channel will 

be where the telecommands arrive from the 

transmitter process in the RCC. 

2. When the task receives the channel number, it 

begins to loop. At the beginning of the loop 

it executes an ADA select statement. At this 

point the TCP_IP_Socket_Manager task may 

rendezvous with it to disconnect the 

connection link and close the socket. This 
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occurs when the LCC receives a disconnect 

command from the RCC. The task goes back to 

step 1 when this happens. 

3. If the rendezvous in step 2 does not take 

place, the task waits for a Telecommand 

packet in non-blocking mode. The non-blocking 

option had to be used since time slicing is 

not supported by the PC-Meridian ADA 

compiler. When a packet has arrived, a read 

is performed using the recv() with a buffer 

of the size of one Telecommand packet. The 

incoming packet is then sent to the CCSDS 

Primary Depacketizer for further processing. 

4. If no Telecommand packet is available in the 

channel, an ADA delay statement is executed. 

What this does is force the task to surrender 

the PC's processor and to be rescheduled by 

the ADA task scheduler. 

5. Steps 2 through 4 are repeated indefinitely. 

Implementation in the MicroVMS Operating System 

Although the basic structure of the 

TCP_ADA_Interface task in MS-DOS is the same as in the 

MicroVMS implementation, there is a subtle difference 

between the two. The difference lies in the options 
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used with the socket through which telecommand packets 

arrive. The task performs the following operations on 

the MicroVAX workstation. 

1. After initializing appropriate variables, the 

task waits for a channel number to be passed 

to it from the TCP_IP_Socket_Manager task 

before doing anything else. This channel will 

be where the telecommands arrive from the 

transmitter process in the RCC. 

2. When the task receives the channel number, it 

begins to loop. At the beginning of the loop 

it executes an ADA select statement. At this 

point the TCP_IP_Socket_Manager task may 

rendezvous with it to disconnect the 

connection link and close the socket. This 

occurs when the LCC receives a disconnect 

command from the RCC. The task goes back to 

step 1 when this happens. 

3. If the rendezvous in step 2 does not take 

place, the task waits for a telecommand 

packet in blocking mode. If there is no 

packet in the channel, then the task will 

keep waiting for the packet to arrive in the 

socket. Without time slicing the task will 

occupy all CPU cycles assigned to the 
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process. However, since time slicing is 

supported by the DEC/ADA compiler, the ADA 

task scheduler divides the CPU cycles evenly 

to all the tasks. The amount of time assigned 

for each task can be changed through the 

argument of pragma time_slice which is 

specified in the main procedure, SIMU. When a 

packet has arrived, a read is performed using 

the recv() with a buffer of the size of one 

telecommand packet. The incoming packet is 

then sent to the CCSDS Primary Depacketizer 

for further processing. 

4. If no telecommand packet is available in the 

channel, an ADA delay statement is executed. 

What this does is force the task to surrender 

the PC's processor and to be rescheduled by 

the ADA task scheduler. 

5. Steps 2 through 4 are repeated indefinitely. 

3.3.3 ADA/TCP Interface Task 

The purpose of this task is to provide an 

interface between the ADA and TCP/IP Network Software. 

It accepts CCSDS telemetry packets from the CCSDS 

primary packetizer and sends them to the network 

software to be transmitted to the OASIS user. Before 
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this task receives any packets, it must receive an 

input channel number. This number is assigned by the 

TCP_IP_Socket_Manager task and is then passed to this 

task. Both implementations have the same basic 

structure; therefore, the basic structure is presented 

in this section instead of in two separate sections. 

The basic structure of the task is as follows: 

task body ADA_TCP_Interface is 

declarations ... 

begin 

loop 

select 

accept Telemetry_Packet_In (telemetry_packet: 

in packets.telemetry_packet) do 

assign the length of the Telemetry 

packet; 

end Telemetry_Packet_In; 

while (NOT transmitted) loop 

transmit the packet to receiver process 

in RCC; 

if (successful) then 

transmitted := TRUE; 

end i f; 

end loop; 
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or 

accept deassign_connection_link; 

exit; 

end select; 

end loop; 

end ADA_TCP_Interface; 

Implementation in the MS-DOS Operating System 

The details of operation of the task in the PC are 

as follows: 

1. After initializing appropriate variables, the 

task waits for a channel number to be passed 

to it from the TCP_IP_Socket_Manager task 

before doing anything else. This channel will 

be where telemetry packets are transmitted to 

the receiver process in the RCC. 

2. When the task receives the channel number, it 

begins to loop. At the beginning of the loop 

it executes an ADA select statement. At this 

point the TCP_IP_Socket_Manager task may 

rendezvous with it to disconnect the 

connection link and close the socket. This 

occurs when the LCC receives a disconnect 

command from the RCC. The task goes back to 

step 1 when this happens. 
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3. If the rendezvous in step 2 does not take 

place, the task waits for another rendezvous 

with the secondary depacketizer task. When 

the rendezvous happens, a telemetry packet is 

passed to the task. 

4. The packet is then transmitted to the receiver 

process in the RCC using the send() function 

in non-blocking mode. The buffer size of the 

socket is set to the maximum size of a 

telemetry packet. Non-blocking mode has to be 

used since time slicing is not supported by 

the PC-Meridian/ADA compiler. If a 

transmission fails, then the task will 

surrender the CPU cycles to other tasks as 

scheduled by the ADA task scheduler. It will 

try the transmission again when its turns 

comes next and repeat these cycles until 

successful. 

5. After every transmission, a check is performed 

to make sure that the whole packet has been 

sent. If only part of the packet has been 

sent, then the packet will be retransmitted. 

Otherwise the task will wait for a rendezvous 

with the secondary packetizer task. 

6. Steps 2 through 5 are repeated indefinitely. 
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Implementation in the MicroVMS Operating System 

Although the basic structure of the 

ADA_TCP_Interface task in the MS-DOS implementation is 

the same as in the MicroVMS implementation, there is a 

subtle difference between the two. This difference lies 

in the options used with the socket through which 

telecommand packets arrived. The task performs the 

following operations on the MicroVAX workstation. 

1. After initializing appropriate variables, the 

task waits for a channel number to be passed 

to it from the TCP_IP_Socket_Manager task 

before doing anything else. This channel will 

be where telemetry packets are transmitted to 

the receiver process in the RCC. 

2. When the task receives the channel number, it 

begins to loop. At the beginning of the loop 

it executes an ADA select statement. At this 

point the TCP_IP_Socket_Manager task may 

rendezvous with it to disconnect the 

connection link and close the socket. This 

occurs when the LCC receives a disconnect 

command from the RCC. The task goes back to 

step 1 when this happens. 

3. If the rendezvous in step 2 does not take 

place, the task waits for another rendezvous 
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with the secondary depacketizer task. When 

the rendezvous occurs, a telemetry packet is 

passed to the task. The packet is then 

transmitted to the receiver process in the 

RCC using the send() function in blocking 

mode. The buffer size of the socket is set to 

the maximum size of a telemetry packet. Since 

blocking mode is used the task waits until 

successful transmission has been achieved. 

Note that without time slicing this task 

would occupy the processor time. 

4. After every transmission, a check is performed 

to make sure that the whole packet has been 

sent. If only part of the packet has been 

sent, then the packet will be retransmitted. 

Otherwise the task will wait for a rendezvous 

with the secondary packetizer task. 

5. Steps 2 through 4 are repeated indefinitely. 

3.3.4 Problem Discussions 

There was not any serious problem during the 

development of the three tasks on the PC. All of the 

functions in the socket library of the PCTCP Network 

Software performed as expected. However, this was not 

the case with functions in the Multinet socket library. 
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These problems are the same as the ones discussed in 

the Problems Discussion section of section 3.2.3. 

Please refer to that section for detailed explanation. 
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CHAPTER 4 

Comparison and Performance Measurement of OASIS 

The relatively slow speed of OASIS has been a problem 

in all the previous applications. A new version of OASIS 

with major improvement in speed has long been awaited. • 

Therefore, since the SUN/Unix version of OASIS leave has 

been released, it is interesting to compare the performance 

of it to the earlier VMS version. There are two aspects of 

performance that will be compared and measured in this 

chapter. They are: 

1. Speed 

2. Ease of use 

4.1 speed Comparison and Measurements 

The SIRTF project was used to do the measurement. 

Measurement was done in real time by using a stop watch 

which has an accuracy of l/10th of a second. The following 

factors are compared and measured in this category. 

Window display speed 

The measurement is started at the time when the 

ACTION button in the menu is clicked on and stopped 

when the last window display is completed. The results 

of this measurement for both versions are shown in 

tables 1 and 2. 
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Telecommand packet transmission 

The command SET INISYS which initializes all SIRTF 

parameters, is used to perform the measurement. The 

measurement is started at the time when the command 

button in the menu is clicked on and stopped when the 

command is printed on the CSTOL message window. The 

results of this measurement for both versions are shown 

in tables 3 and 4. 

Telemetry packet decomposition 

Telemetry packets received after the SET INISYS 

command were used to perform the measurement. There are 

a total of 6 packets received after the command. The 

measurement is started at the time when a telemetry 

packet is received by the receiver process and stopped 

when all of the packets have been received by OASIS. 

The results of the measurement for both versions are 

shown in tables 5 and 6. 

It can be seen from the data that the SUN/Unix version 

of OASIS is considerably faster than the (older) VAX/VMS 

version. A new VAX/VMS version is available, but has not yet 

been installed; thus, it cannot be included in this 

comparison. 



116 

4.2 Ease of Use Comparison 

The SUN/Unix version offers more flexibility to end 

users in window display management than its VMS counterpart. 

All of these enhancements are actually Xwindows features 

rather than features of OASIS itself. It is now possible to 

do the following things in the SUN/Unix version which are 

not supported in the VMS version. 

1. Moving window displays around the screen. 

2. Resizing of the window displays. 

All of these can be done during any OASIS session through 

the use of a mouse. Along with these advantages, however, 

also comes the following disadvantages. 

1. Window displays do not pop-up automatically. The 

user must click on the icon which appears on the 

upper left hand corner of the screen using the 

mouse. The left and middle keys of the mouse cause 

different reactions. If the left key is pressed, 

then the window will be displayed at the current 

cursor position. If the middle key is pressed, 

then the window will be displayed at its appointed 

position, as specified in the OASIS database. 

2. Window displays are not always correct displays. 

Some characters are missing and some are displayed 

in disproportionate sizes. The cause of these 

problems is not clear. 
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Despite all these disadvantages, this version offers fresh 

new alternatives that are an advantage for OASIS users. In 

addition, the use of Xwindows is another advantage to the 

users since it is becoming a standard in Unix-based 

platforms. 

Table 1 : Window Display Measurement (SUN/Unix version) 

RUN TIME (seconds) 

1 36.8 
2 40.1 
3 31.8 
4 45.1 
5 35.2 
6 39.5 
7 40.6 
8 46. 6 
9 41.0 
10 39.3 

Average 39.6 
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Table 2 : Window Display Measurement (VMS version) 

RUN TIME (seconds) 

1 103 .8 
2 126. 6 
3 128.7 
4 117.8 
5 123.8 
6 110.4 
7 109.3 
8 106.1 
9 116.7 
10 110.9 

Average 115.4 

Table 3 : Transmission Measurement (SUN/Unix version) 

RUN TIME (seconds) 

1 1.4 
2 1.5 
3 1.6 
4 1.4 
5 1.5 
6 1.4 
7 1.6 
8 1.4 
9 1.4 
10 1.6 

Average 1.5 
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Table 4 : Transmission Measurement (VMS version) 

RUN TIME (seconds) 

1 25.9 
2 22.5 
3 16. 3 
4 13.9 
5 17.2 
6 20.0 
7 14.7 
8 14.6 
9 14.7 
10 14.6 

Average 17.4 

Table 5 : Decomposition Measurement (SUN/Unix version) 

RUN TIME (seconds) 

1 9.2 
2 9.1 
3 9.2 
4 10.1 
5 9.5 
6 9.3 
7 9.6 
8 10. 3 

9 9.8 
10 9.4 

Average 9.6 
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Table 6 : Decomposition Measurement (VMS version) 

RUN TIME (seconds) 

1 27.9 
2 16.7 
3 17.6 
4 14.1 
5 14.0 
6 15.1 
7 15.8 
8 14.6 
9 15.3 
10 12.7 

Average 16.4 
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CHAPTER 5 

Summary and Conclusions 

This thesis has presented the development of new 

communication software in both the Remote Commanding Computer 

(RCC) and Local Controlling Computer (LCC) for various 

Telescience applications, as well as performance comparison of 

two different versions of OASIS: SUN/Unix and VMS. 

The design phase of the software development was a 

straightforward process. Furthermore, every effort was made to 

maintain the modularity of the software and to accommodate any 

possibility of future changes (This will be discussed further 

in section 6.0). The implementation phase, however, was not as 

straightforward as anticipated. Many details were not known 

until the testing phase since no technical documentation was 

available for the new version of OASIS. The debugging process 

was quite challenging since the available debugger was not 

usually helpful in solving the problems. For these reasons 

most of the problems had to be solved by trial and error. Some 

small problems took many days to solve, and this was really 

frustrating especially when there was no resources available 

for assistance or reference. 

Nevertheless it was quite an experience to develop the 

software from the beginning to the end. A lot of knowledge 

about SUN/Unix and MicroVMS operating system architectures was 
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gained from this project. Even though the current software has 

been tested, and it has passed all the tests, it still has 

some deficiencies in the area of handling anomalies, such as 

unexpected disconnection of a communication link. In addition, 

there are still a number of useful features that could be 

added to the software in the future. The next section is 

devoted to the discussion of some possibilities for future 

work. 

The measurements of various aspects of both versions of 

OASIS have showed that the SUN/Unix version is faster than the 

VMS version. The results of these measurements are tabulated 

in table 1-6, and discussed in chapter 4. In summary, the 

window display time measurement indicates that the VMS version 

is about 2.5 times slower than its counterpart. The 

telecommand transmission time measurement indicates that the 

VMS version is about 11 times slower than its counterpart 

since the SUN/Unix version has a big advantage in speed, this 

version is the one to choose when response time is an 

important issue for a particular application. In the future, 

when all the bugs have been removed from it, the SUN/Unix 

version is definitely the one to use. 
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CHAPTER 6 

Suggested Changes and Future Work 

Most of the changes suggested in this section deal with 

two topics. One is how to enable the LCC to manage the 

receiving of commands from and telemetry transmission to 

multiple OASIS users as was suggested in the previous work by 

Bienz and Hunter (1988). It was suggested that a single OASIS 

user would be in possession of a privilege key at any instant 

of time. The key holder would be allowed to send intrusive 

and non-intrusive commands while all other users would be 

limited to non-intrusive commands. The privilege key would be 

assigned to the other users by constructing a reservation 

system. The discussion on this topic will focus on how the 

current software implementation should be modified to 

accommodate such a change. The second topic deals with how a 

sudden disconnection of the communication link should be 

handled in the communication process between the RCC and the 

LCC. A sudden disconnection happens when OASIS users are still 

communicating with the LCC and suddenly the connection is 

terminated on one end. One example that often happened during 

the testing of the software is that the RCC crashed during 

telemetry decomposition. Meanwhile the -LCC is still waiting 

for more telecommand packets to arrive from the RCC which has 

been disconnected from the network. Since this is a real time 
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situation, it is difficult to determine when it is going to 

happen. Collective changes suggested for on the LCC software 

implementation will be discussed in section 6.2. 

6.1 Multiple OASIS Users 

Three of the tasks in the LCC software will need to be 

considerably changed in order to be able to handle multiple 

OASIS users. Discussions will be focused on these tasks since 

these are the only ones modified in this work. 

6.1.1 TCP_IP_Socket_Manager Task 

If it becomes desirable to allow multiple RCC's running 

OASIS to be connected to the LCC at any moment then some 

changes to this task are needed. The following suggestions 

apply to both PC and VAX implementations. 

1. Currently this task allows only one telecommand and 

one telemetry channel to be connected. It should be 

changed to allow as many as the LCC can handle without 

seriously degrading its performance. 

2. Different RCCs should be assigned different connecting 

strings. The optional connecting string was originally 

designed to keep track of the socket number assigned to 

a particular RCC. 

3. Each RCC should be assigned one socket number to be 

used for both receiver and transmitter channels to 
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preserve network bandwidth. 

4. The task should be set up as servers to all the 

sockets. 

6.1.2 TCP_ADA_Interface Task 

To allow multiple OASIS users, the following changes 

should be implemented. 

1. To keep track of each OASIS user's connections, the 

software should update a table whenever a user 

establishes a telecommand connection link. For each 

connection link, two pieces of data should be placed in 

the table. The data are: 

a. The channel number passed by the 

TCP_IP_Socket_Manager task. 

b. The user's CCSDS application I.D. 

When a user sends a disconnect command, the Command 

Interpreter would inform this task which user 

wishes to disconnect, using the CCSDS application 

I.D. This task would then shut down the connection 

links and corresponding sockets. Upon 

disconnection, the corresponding table entries 

should be deleted. 

2. All active channels would require constant 

monitoring for incoming telecommand packets. 
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6.1.3 ADA_TCP_Interface Task 

To allow multiple OASIS users, the following changes 

should be carried out. 

1. To keep track of each OASIS user's connections, the 

software 

should update a table whenever a user establishes a 

telemetry connection link. For each connection 

link, two pieces of data should be placed in the 

table. These data are: 

a. The socket number passed to it by the 

TCP_IP_Socket_Manager task. 

b. The user's CCSDS application I.D. 

When a user sends a disconnect command, the Command 

Interpreter would inform this task which user 

wishes to disconnect, using the CCSDS application 

I.D. This task would then shut down the 

corresponding socket or channel number. Upon 

disconnection, the table entries should be deleted. 

2. The CCSDS destination I.D, in the secondary header, 

for each telemetry packet passed to it by the CCSDS 

^primary packetizer should be examined. The table 

would be consulted to determine to which channel to 

send it for delivery. 
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6.2 Sudden Disconnection Handling 

To avoid this situation, the software in both the LCC and 

RCC must have a little intelligence to determine that the 

other party has been inadvertently disconnected and some form 

of acknowledgement signal must be created. One possible 

solution is to add a new task in the LCC software which 

monitors activities in the TCP_ADA_Interface task. If after a 

certain period or time, no telecommand packet has arrived, 

then the task will pass a command to the gueuer which will 

prompt the command processor task to send an acknowledgement 

packet to the receiver process in the RCC (are you there?). 

The receiver process must send a response to this packet 

through the transmitter process. OASIS users would not notice 

any of these activities which means that no modification of 

OASIS is needed. If the new task receives a response within a 

specified period of time, then it will not do anything; 

otherwise, it will shut down both connection links, 

telecommand and telemetry, close the corresponding sockets and 

display an appropriate message. If the implementation allows 

multiple OASIS users to connect to LCC at the same time, then 

the new task should have a table to keep track of which 

channel to check next. The same table discussed in section 6.1 

could be used by adding one more entry that is a flag to 

indicate whether or not it has been checked. Furthermore the 

table must be defined globally so that all tasks are able to 
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access it. In addition to the new task, the TCP_ADA_Interface 

task must also be modified to accommodate this new 

funct iona1ity. 

6.2.2 TCP_ADA_lnterface Task 

If multiple users are allowed, then each time a 

connection is accepted, the task must update the table by 

writing the channel number, CCSDS I.D. number and a flag 

indicating that the channel has been checked. When the new 

task checks the table, it sets the flag to FALSE which 

indicates that no telecommand has been read during a certain 

period or time. So every time a new telecommand arrives from 

RCC the task must set the flag in appropriate entry to TRUE. 

Even though the discussion has been for a multiple user 

application, it is possible and recommended to use a similar 

approach in single user applications. 

Changes in other tasks would be the same as the ones 

discussed in Bienz and Hunter (1988). 
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APPENDIX A 

LIST OF COMMANDS FOR SIRTF PROJECT 

Static Parameter Update commands 

Command Words 

SET FILENAME 

SET VOLTAGE_l 

SET VOLTAGE_2 

SET VOLTAGE_3 

SET SRATE 

SET BIAS_VOLT 

SET DELAY_TIME 

SET PWIDTH 

SET HILEV 

SET LOLEV 

Type 

integer 

float 

float 

float 

float 

float 

float 

integer 

float 

float 

Parameter 
Format 

2d 

7 . 3 f 

7 . 3 f 

7. 3 f 

5.If 

7 . 3f 

5. If 

5d 

3 . If 

3 . If 

Range 

N/A 

0.0 - 5.0 

0.0 - 5.0 

0.0 - 5.0 

0.1 - 30.0 

0.0 - 0.5 

0.0 - 30.0 

1 - 1000 

0.0 - 5.0 

0.0 - 5.0 

Active Parameters Update commands 

Command Words 

SET FILTER 

SET SYSMODE 

SET LOOPMODE 

Type 

integer 

character 

character 

Parameter 
Format 

Id 

is 

Is 

Range 

1 - 7  

C:calibration 
N:normal 
integration 
L:loop 

G : global 
S : scan 
Q : quit 
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Active Parameters Update Commands (continued) 

Command Words 

SET ITIME 

SET RA 

SET DEC 

Type 

float 

integer 

integer 

Parameter 
Format 

5. If 

2d:2d:2d 

2d:2d:2d 

Range 

0.0 - 1000.0 

hour : 0 - 24 
min : 0 - 60 
sec : 0 - 60 

deg : -90 - 90 
m i n  :  1 - 6 0  
s e c  :  1 - 6 0  

Quick Look Parameters update commands 

Command Words 

SET CHANNEL 

Type 

integer 

Parameter 
Format 

2d 1 -

Range 

32 

Action Parameters Update Commands 

Parameter 
Command Words Type Format Range 

SET INISYS integer Id 0 - l 

SET QLOOK integer Id 0 - 1 

SET START integer Id 0 - l 

SET ABORT integer Id 0 - l 

SET SHUTDOWN integer Id 0 - l 
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OTHER COMMANDS 

Parameter 
Command Words Type Format Range 

UPDATE N/A N/A N/A 

Flow charts for all commands above are presented in figure 

A2.1 -A2.18 on next page. 
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( REIURH ^ 

Initialize variables 

Sinulate "nomal" node 

I 
Send active and status 
packets back to RCC 

( REIURH ) 

NEU VALUE 

Check for the correct range 

Send error packet #4 
back to RCC 

Urite necessary parameters to 
file "parans.in". 

Homal / X Calibrate 

Single 

(Global 

Initialize variables 

I 
Sinulate "global loop" 

node 

Send active and status 
packets back to RCC 

( REIURH ^ 

Initialize 
variables 

\ 
Sinulate 

"calibration" 
node 

f Senl active 
Sinulate "global scan* and status 

node packets to 
I RCC 

Send active and status 
packets back to RCC 

Initialize variables 

Figure A2.1 : SET SIARI Cowand Flow Chart 



New Hal us 

Check active channel 
nuMber 

Check na/ie of active 
data file 

Read datas from the 
file 

Send Telenetry packet 
to RCC 

# r 
( RETURN y 
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Figure A2.2 : SET QLOOK Cowand Flow Chart 

Neu Value 

Check for valid range 

Send error packet to RCC 

VALUE 

Execute disconnect cowand 

Figure A2.3 : SE! SHUTDOUH Cowand Flow Chart 
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Hew Value 

VALUE 

Check active channel 
ntmber 

Check nafte of active 
data file 

Read datas fron the 
file 

Send Ielefietry packet 

( REIURH )+ 

Figure A2.2 i SET QLOOK Comand Flow Chart 

New Value 

Check for valid ranje 

VALID 

Send error packet to RCC 

VALUE 

Execute disconnect comand 

Figure A2.3 : SEt SHUIDOHH Comand Flow Chart 



Hew Value 

Scan 

Global 

( REIURH ^4-
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Set active loop node to 
"scan" Mode 

Set active loop node to 
"global" node . 

V 1 
Send active packet to RCC Send active packet to RCC 

Figure (12.4 : SET LOOPHODE Cowtand Flow Chart 

Hew Value 

Check the ranje of 
value (1..32) 

/ \ NO (VALIDV-
V ? / 

]*ES 

Set the active channel 
nunber to value 

Send quick look packet 
to RCC 

( RETURH ^ 

Figure A2.5 : SET CHANNEL Cowiand Flow Chart 



New Value 137 

Scan 

( RETURN y~ 

Global 

Set active loop node to Set active loop node to 
"global" Mode "scan" Mode 

I I 
Send active Packet to RCC Send active jacket to RCC 

Figure A2.6 ! SEI LOOPHODE Comand Flow Chart 

New Value 

Check thi range of 
value 

Set the active channel 
nimber to value 

Send quick look packet 
to RCC 

( REIURH )< 

Figure A2.7 ! SEI CHANNEL Comand Flow Chart 



Hew Ualue 

I 
Check for valid value 

of position code 

VALID 

Set active filter position 
to new value 

Send error packet to RCC 

Send active packet to RCC 

^ RETURN y 

Figure A2.8 : SEI FILTER Coiwand Flow Chart 

Neu Value 

I 
Check for valid value 

of position code 

Set active integration tine 
to neu value 

Send error packet to RCC 

Send active Packet to RCC 

Figure A2.9 : SET IIINE Comand Flow Chart 



New Ualue 
I 
T 

Check for valid range 
tf values 
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Set active bias voltage 
value to new value 

\ 
Send static packet to RCC 

( RETUKN 

Send error packet to RCC 

figure ft2.10 ; SET BlflSJJOLT Comand Flow Chart 

Hew Ualue 

I 
Check for valid range 

of values i 
1 

Set active delay tine 
value to new value 

Send static jacket to RCC 
y 

( P.EIURH ^ 

Send error packet to RCC 

Figure 02.11 ; SET DELAV.TME Cowiattd flow Chart 



Hew File Descriptor 

I 
Check for validity of 

new value 

140 

Set na«e of active data 
file to the new 

descriptor 

I 
Send active packet to RCC 

1 
( RETURN ^ 

Send error packet to 
RCC 

Figure 02.12 : SET FILENAME Comand Flow Chart 

Hew Ualue 

I 
Check for validity 

of new value 
(H,C,U 

VALID 

VES 

LOOP 
NODE 

T CALIBRATION 

Set active systeM Mode 
to "calibration" Mode 

Set active susteM Mode to 
"1 nrtn" Mnila Set active systeM Mode to 

"noma!" Mode 

Send active packet to 
RCC 

Figure A2.13 ! SET SVSItODE Connand Flow Chart 



Hew Value 

Check for the valid ran?e 
on the new value 

( 0  -  1 )  

I 
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Set active initialize value 
to "on" 

Load default static parameters 
frori static.ini file 

Load default active paratieters 
froM active.ini file 

Initialize quick look values 

Send active packet back to RCC 

I 
Send static packet back to RCC 

7 
Send qjook packet back to RCC 

I 
Send action packet back to RCC 

i 
( REIURH y 

Send error packet to RCC 

Figure A2.14 : SET IHISVS Comand Flow Chart 



Hew Ualue 3-42 
I 

Check for valid range of 
new value(0.0 - 5.0) 

VALID 

Set active corresponding 
voltage value to new 

value 

Send error packet to RCC 

Send static packet to RCC 

( RETURN ^ 

Figure 02.15 ! SET UOLIAGEJ, UOLIAGEJ, UOLIAGEJ Coimand Flow Chart 

Hew Ualue 

Check for valid range 
of new value 

I VES 

Set active value of 
satiple rate to new 

value 

Send error packet to RCC 

Send static packet to RCC 

( RETURH 

figure (12.16 : SET SJATE Comand Flow Chart 



Check if the keyboard was hit 

VES 
Check for password 

Send status packaue to 
indicate local keyboard 

interrupt 

CONNECTION' 
SHUTDOWN 

VES 

—p-
Pipe coMMand into cocmand processor 

Module 

Send status packet to RCC 
to indicate that local keyboard 
interrupt is over 

( RETURN ) 

Print error Message to 
local CRT 

Figure 02.1? : Local Keyboard Interrupt Procedure Flow Chart 



Hew Value 

\ 
Check for valid range 

of values 

144 

Set active pulse width 
value to new value 

Send static jacket to RCC 

H-( REIURH ^4 

Send error packet to RCC 

Figure H2,i8 : SET PJ1IDTH Comand Flow Chart 

New Ualue 

Process double or triple 
words comands 

Set system node to Send onor packet 
UPDftTE to RCC 

Send status packet 
to RCC 

Figure A2.19 : Update Comand Flow Chart 



APPENDIX B 

TELEMETRY PACKET DEFINITIONS FOR SIRTF PROJECT 

Static Packet Definition 

Data Item Number of Bits Format. Range 

Voltage_l 40 "k m ickie 0.0 - 5.0 

Voltage_2 40 * . **A 0.0 - 5.0 

Voltage_3 40 * # * -k "k 0.0 - 5.0 

Sample Rate 32 * *  .  *  0.1 - 30.0 

Detector Bias 40 *  .  * * *  0.0 - 0.5 

Pause After Reset 32 •k * # "k 0.0 - 30.0 

Pulse Width 32 it-kick 1 - 1000 

Pulse High 24 *  .  *  0.0 - 5.0 

Pulse Low 24 * „ * 0.0 - 5.0 
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Active Packet Definition 

Data Item Number of Bits 

Filename 16 

Filename Extension 24 

Tempi 40 

Temp2 40 

Temp 3 40 

Filter Position 8 

System Mode 16 

Loop Mode 8 

Integration Time 48 

Integrat. time left 48 

Sample Rate 32 

Number of Sample 40 

RA (Hr) 16 

RA (Min) 16 

RA (Sec) 16 

DEC (Deg) 24 

DEC (Min) 16 

DEC (Sec) 16 

Format 

** 

**  

* * * .  *  

***  m  *  

kkie m k 

k 

k-k 

•k 

kiek-k # * 

k-k-k-k . -k 

k-k , * 

k-kk-kk 

kk 

kk 

k-k 

kick 

k-k 

k-k 

Range 

1 - 9 9  

1 - 999 

0.0-500.0 

0.0-500.0 

0.0-500.0 

1 - 7  

1 - 5  

1 - 3  

0.0-1000.0 

0.0-1000.0 

0.1 - 30.0 

1 - 16000 

1 - 2 4  

1 - 6 0  

1 - 6 0  

-90 - 90 

1 - 6 0  

1 - 6 0  

Qlook packet 

Data Item Number of Bits 

Num. of channel 16 

Format Range 

1 - 3 2  



Error packet 

Data Item Number of Bits Format Range 

Error message 8 Binary 0 - 255 

Action packet 

Data Item Number of Bits Format Range 

System Init. 1 Binary 0 - 1  

Quick Look 1 Binary 0 - 1  

Start Obs. 1 Binary 0 - 1  

Abort Obs. 1 Binary 0 - 1  

Shutdown 1 Binary 0 - 1  

Graph packet 

Data Item Number of Bits Format Range 

Scientific data 64 Binary N/A 

Status packet 

Data Item Number of Bits Format Range 

Current LCC status 8 Binary 0 - 255 

Note binary value 0 represent OFF and 1 represent 
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