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FOREWORD

The effort described in this report was performed for the Naval

Research Laboratory, 4555 Overlook Avenue S.W., Washington, DC 20375. Quest

Research Corporation, 6858 Old Dominion Drive, McLean, VA 22101 performed

the technical effort from 16 3uly 1981 to 31 March 1982 under Contract N00014-

81-C-2499. Contractor engineer was Robert B. Normoyle. The Naval Research

Laboratory Contracting Officer Technical Representative (COTR) was Mr. Robert

Surratt.

During the period of performance, three major tasks were

completed:

* Installation of Harpoon seeker computer software and

hardware.

* Testing of changes in ERP effects of target position.

* Feasibility of on-line graphics processor.
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1.0 INSTALLATION OF HARPOON SEEKER COMPUTER SOFTWARE

AND HARDWARE

The task where most support was concentrated was adapting a PDP

11/23 computer to act as a communications link between missiles and a network

of computers. This support may be separated into six categories:

a. Hardware implementation and evaluation of computer boards.

b. Feasibility of using previously written software for the

communications link.

c. Creation of a more efficient software package.

d. Program and network debugging.

e. Creation and implementation of an automatic boot.

f. Conversion of the new 11/23 software to rur on the SMI seeker

computer.

1.1 Hardware Implementation and Evaluation of the Computer Boards

The PDP 11/23 consisted of an LSI 11/23 CPU, analog-to-digital

(A/D) converters, digital-to-analog (D/A) converters, and serial and parallel

input/output (I/O) devices. Each of these boards was completely tested to assure

that they met Navy specifications. Calibration data was collected for the A/D

and the D/A converters. The accuracy of these devices was determined to be

within desired specifications. The computer I/O devices were then connected to

the instruments and the communications links were tested. The instruments were

then tested to assure that they react properly to various signals.

At present all hardware and communication links are capable of

performing the designated tasks. Figure I is a block diagram of the I/O connected

to the PDP 11/23.

1.2 Feasibility of Using Previously Written Software for the

Communication Link

The PDP 11/23 is one of two computers that may be used to

interface the network of simulation computers to the missile seeker. The other

computer, a PDP 11/34, has been used in conjunction with an SMI seeker. It was

determined that time and cost would be saved if two computers were available for

missile seeker to simulation network communications. The reasoning was that

while one computer is being used in testing missiles, the other computer can be

readied for future testing. This arrangement would reduce preparation time

needed to make a different missile's seeker available for simulation tests.

1-1
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One of the Three
Computers in the D1/4
Simulation Network PP1/

A PROC

Seeker Computer P 11/23

A B C D

Harpoon MISSILE SEEKER

A. 16 Bit Digital output f rom 11/23 to missile.
B. 16 Bit Digital input to 11/23 from missile.
C. 5 Analog Signals output f rom 11/23 to missile.
D. 6 Analog Signals inputs to 11/23 f rom missile.
E. 16 Bit Digital input plus 2 control Bits output from the PDP 11 /23 to a 1/O

control computer a PDP 11/45.
F. 16 Bit Digital output plus 2 control Bits input to the PDP 11/23 from the

PDP 11/45.

G. RS-232 Input/Output

FIGURE I INLTI/OUTPUT CONECIONS TO THE POP 11/23
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It was also determined that the software previously written for the

PDP 11/34 would work on the PDP 11/23 with several minor changes. The PDP

11/34 software was not fully documnented, thus a considerable amount of time was

spent in determining how it worked, and if it would be possible to transfer the

program to run on the PDP 11/23. Appendix A contains a copy of the key program

that was documented. After documenting this program, it was determined that

simulations capabilities could be enhanced if new software was written. The most

important enhancement was to cut the seeker computer (the 11/34 or 11/23)

frame rate from 4 milliseconds to below 2 milliseconds. The result was a more

powerful and flexible software package for the PDP 11/23.

1.3 Creation of a More Efficient Software Package

The new seeker computer software package has many advantages

over the previous 11/34 software package. Some of these advantages are:

a. Frame rate is four times faster. The program may execute at a

frame rate below 1 millisecond which is within the 2

millisecond requirement.

b. Ability to select the number of D/A and A/D channels by

program control.

c. Ability to switch remote hardware in and out by computer

control.

d. Light emitting diodes (LEDs) are used to show that the program

is operating properly. The LEDs may also be used to enhance

system debugging.

The new program is contained in Appendix B.

1.4 Program and Network Debugging

Extensive testing of the program was performed to assure that all

signal levels and digital 1/O could be controlled properly. To preclude damage to

the missile seeker, almost all debugging and testing was conducted before the

seeker was connected to the seeker computer. After open-loop tests were

completed, closed loop tests were performed. At this stage, software and

hardware connected to the PDP 11/23 performed as predicted. The seeker

computer a conjunction with the simulation network took full control of the

...l eeker.

1.5 Creation and Implementation of an Automatic Boot

The final task to which support was provided was to streamline

procedures necessary to prepare the simulator seeker computer for a simulation

1-3



* run. Previously it required as much as two hours for several people to prepare the

seeker computer for a simulation run. It is now possible to complete this same
preparation in one to two minutes. A program that permits the automatic booting

of the PDP 11/23 from a single user PDP II computer has been the major

contributing factor. The user needs only to turn on the computers and type a few

control words. A program in the host PDP computer will then automatically boot

the PDP 11/23 and prepare it for a simulation run.

Programs used to perform this automatic booting are contained in

Appendices C, D, and E. These programs are used in conjunction with H23 the

data collection and communication routine contained in Appendix B.

Appendix F contains a program named TASM. This program will be

used in the near future to help reduce the time required to develop and debug

programs for the seeker computer.

A Z-80 microprocessor based assembly language program named

TUDUM2.MAC is contained in Appendix G. This program was used to permit a
user to select from a terminal a computer-to-computer serial link. This enables

the operator to command the "A" processor to boot the PDP 11/23 via a serial

terminal line.

1.6 Conversion of the New PDP 11/23 Software to Run on the SMI

Seeker Computer

Research has begun for the purpose of upgrading SMI simulations to

the level of sophistication of the Harpoon simulations. A minimum amount of
change to the software used for the Harpoon simulation is required. The SMI

seeker computer should be back in operation by early May, 1982.

1-4
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2.0 TESTING OF CHANGES IN ERP EFFECTS ON TARGET POSITION

* It was determined that small changes in the Effective Radiating

Power (ERP) had negligible effect on the target position within a quad. This

result was determined by adapting a FORTRAN program so that it calculates

individual antenna radiating power and phase if given a target position. The

* program changes the ERP for this position from 30 dB to -20 dB and calculates

the resulting change in target position. Appendix H contains a copy of the

FORTRAN program and Appendix I contains a sample of the results.

2-1
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3.0 FEASBLITY OF ON-LINE COLOR CRAPHICS PROCESSOR

Research was conducted into the possibility of using a color graphics

* display system to make simulation runs more informative. An extensive search

was conducted to find a system that cost less than $25,000 that would be able to

display a real-time scenario of a missile flight along with target positions.

Several companies such as Tektronics, Lexidata, Chromatics, and others appear to

* have graphic displays that will meet our real-time animation requirements.

A color graphics display system will enable users of the Central

Target Simulator (CTS) to interpret results of experimentation faster and with a

better perspective. At present, several slow displays are being used to show

* simulation results. Upgrading these display systems will make CTS more flexible

and more productive for prospective users.

3-1
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