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EVALUAT ION

Northrop Corporation, addressed six technical topics that received special

analysis during the Phase I study to establish the DHRS baseline configuration.

These topics are:

1. Overall - System Design

2. Cache Storage

3. Mass Storage

4. Displays

5. Target Screeners

6. Compression/Expansion Techniques

The parameters which drove the preliminary architectural design of the DHRS

were that (for the DHRS to operate without delays), the Image Interpreter must

finish his exploitation/reporting tasks in less than 4.8 to 120 seconds. For

worst case, as many as 6 exploitation stations would be required to process

target data in real-time if each processing task took (on the average) only

30 seconds. Due to the high cost of multiple exploitation stations, Northrop

decided on only one exploitation station, and thus the baseline architecture

was designed.

ANDREW R. PIRICH
Project Engineer
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ABSTRACT

The following document constitutes the final technical report on

Contract F30602-79-C-0269, Data Handling/Recording System -Phase I.

The work was performed in the Image Systems Branch of Northrop Corp.,

by Messrs Gary Wycoff, William Baker, J. Sekiguchi, and Dr. Gerry Haas.



CDRL A002

DHRS TECHNICAL REPORT

1.0 INTRODUCTION

The Data Handling and Recording System is a system of personnel,
equipment, computer software and procedures capable of receiving
and exploiting tactical reconnaissance information in near real
time. The reconnaissance information is infrared imagery and
location data from the AN/AAQ-9 forward-looking infrared (FLIR)
and AN/AAD-5 downward-looking infrared (DLIR) multiplexed with
AN/ARN-101 computer inertial navigation information. After de-
multiplexing, data is routed to the data processing and video
and display consoles. Exploitation equipment is housed in a 20-
by-8 by 8-foot shelter. The shelter contains computer and per-
ipherals (magnetic tape units and disks) and conversion, and
target/intelligence report writing. The shelter is modular,
mobile, air transportable and capable of global deployment.

The DHRS technical report addresses six topics that received
special analysis during the DHRS Phase I study to establish the
baseline configuration submitted as CDRL A003, Technical Proposal/
Program Plan. These topics are discussed under the following
subsections: Overall System, Cache Storage, Mass Storage, Dis-
plays, Target Screeners and Compression-Expansion.

2.0 OVERALL SYSTEM

2.1 Technical Problem

A significant difference exists between an operational future
DHRS and the Advanced Development Model used to evaluate target
screeners and to evaluate system response timeliness. Specific-
ally, target input rates dramatically impact the size of the DHRS
exploitation station, since Image Interpreter (II) exploitation
time limits the DHRS throughput. It also affects the size of the
cache memory (which functions as a buffer between the target
input rate and the II exploitation rate). And finally, it deter-
mines a fundamental system parameter, throughput timeliness, and
thus the requirements for real time and near real time target
processing.

2.2 General Methodology

To bound the target input rates, two mission scenarios were de-
veloped (see Figure 1). The minimum is the surveillance mission.
It is a low-altitude, wide-field-of-view updating of already
located targets and consists of a 2 hour flight with 6 imaging
segments each yielding one formation target and new targets in
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*three out of four such segments. This mission is depicted in
*Figure 2. The maximum mission, called reconnaissance, is used to

find new targets in an unsurveyed region. It consists of a high
altitude flight with continuous sensor imaging and will collect
images of 3 formation targets, thirty individual targets and 60
man made objects that are not targets. These figures are based
on battlefield target densities described by General Stubblebein
for the BETA program.

Within these bounds on target thougput rates, table 1 was con-
structed for both the AN/AAD-5 and the AN/AAQ-9 sensor in three
scenarios; the present ADVISOR-62 data, during tests of the DHRS,
and operationally as in a Reforger Exercise.

2.3 Technical Results

The critical parameters that impact the DHRS timelines and cache
size are the average target frame rate and the average targets
per target frame. For the DHRS to operate without delays, the II
must finish his exploitation/reporting tasks in less than 4.8 to
120 seconds. Therefore, for worst case, as many as 6 exploit-
ation stations would be required to process target data in real-
time if each processing task took on the average of only 30
seconds. These parameters drove the preliminary architectural
design of DHRS (see figure 3). It was obvious that the cost of
multiple exploitation stations was prohibitive and unnecessary to
the purpose of an Advanced Development Model (ADM). The project
managers made a decision that only one exploitation station would
be procured for the ADM and thus the baseline as shown in figure
4 was defined.

Before leaving this section, a time compression in the collected
versus inputted target data must be mentioned as illustrated in
figure 2. Although the sensor collects the image data over six-
four minute segments in two hours, the Advisor-62 tape input to
the DHRS plays back this data as if a continuous twenty-four
minute image was collected, thus speeding up the target data rate
by, at most, a factor of 5. The program managers made a decision
that the Advisory-62 could be played back in segments that would
simulate the actual target image collection rate.

3.0 CACHE STORAGE

3.1 Technical Problem

As mentioned in paragraph 2.1, the cache memory is simply a
buffer that stores target input images when the input rate
exceeds the exploitation output rate. The questions are then;
flow Large must the cache memory be? How does the difference in
input versus output rate affect the system timelines? , and How
should the cache be implemented?

3
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3.2 General Methodology

The assumed DHRS inputs are defined in figure 5. Figure 6
examines each of three ways that this data rate affects the
system throughput based on an exploitation output rate of one
target frame per minute. In case one, an unlimited cache is
available and the twenty-four minutes of Advisor-62 is input con-
tinuously. in case 2 either a 20 or 30 frame cache is available
and when either is filled (10 minutes for 20 frame cache and 15
minutes for 30 frame cache), the input from the Advisor-62 is
interrupted until the cache is emptied (30 minutes and 45 minutes
respectively). It is then restarted and in case of the 20 frame
cache stopped again at 40 minutes and restarted at 60 minutes.
The third case has no cache and the Advisor-62 input is stopped
after each target image is received. In all cases, all process-
ing of 72 target images is completed in 72 minutes. Figure 7
shows the number of images stored in the cache at any time.
These data were developed without simulating the timeline of the
data collection. Figure 8 shows the input when a realistic
mission timeline is simulated and Figure 9 shows the cache load-
ing for both 1 and 2 minute exploitation times. Table 2 shows
how frame storage is performed by the cache. Finally, regardless
of the cache size, delays in the system will occur because of
exploitation/reporting time. Figure 10 examines these delays.

A final concern is the cost of the cache and the cost associated
with exceeding the cache capacity. The cost of implementing the
cache in RAM memory is two orders of magnitude more expensive per
target frame than that of a disk memory. Second, the cost of
storing the retrieving target frames that exceed the cache cap-
acity in another memory device has associated with it a consider-
able cost in software and computer overhead.

3.3 Technical Results

The fundamental delay cause by the assumed target input rate
exceeding the exploitation output rate cannot be improved upon
except by employing additional exploitation stations or by
assuming a faster exploitation time. A disk cache with virtually
unlimited capacity costs about the same as a RAM cache of 7.5
target frame capacity. In addition, it will save all the soft-
ware and computer costs associated with storing excess target
images in another storage device. Finally, as shown in the
Technical Proposal, the delays cause by implementing the cache
in disk versus RAM will not exceed 2 seconds worst case, and
thereby will not be objectional to the II. The disk cache was
included in the baseline DHRS configuration.

4.0 MASS STORAGE
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'FABLE 2 CACHE OPERATION

IMAGING TARGET IN IN CACHE DELAY

TIME (MIN) FRAME NO. NRTEM 1 2 3 14 15 6 7 REPORTED (MIN)
1

1 2 1 2

3 2 3
4 3 4

2 5 2 3-51
6 3 -6
7 4 - 7

3 8 3 4 8 2 1.6

9 4 9
10 5 10

4 11 4 5 11 3 2.3
12 5 12

6 12
5 5 6 12 4 3

6 12

7 12
6 6 7 12 5 3.6

7 12

8 12
7 7 8 -12 6 4.3

8 12

9- 12
8 8 9- 12 7 5

9 12

10-12
9 9 10- 12 5.6

10-12

11 12
10 10 11 12 9 6.3

11 12
13 1213

11 14 11 12-14 10 7
15 12- 15

16 13- 16
12 17 12 13 17 11 7.6

18 13 18

19 14 19
13 20 13 14 20 12 8.3

21 14 21
15 2222s

14 22 14 13 3

14
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4.1 Technical Problem

Figure 11 summarizes the mass storage requirement of the DHRS.
The characteristics of candidate technologies that might sat-
isfy these requirements are shown in Figure 12. Included in the
optical disk technology survey were those under development by
RCA, MCA and the GE Advanced Archival Storage System (BEAMOS
extension). Althouqh these devices have been demonstrated in
laboratory environments, no prospective manufacturer would
commit to a production model delivery to support the DHRS
schedule. Figure 13 tabulates the characteristics of instrument-
ation tape unit technology selected for the baseline DHRS con-
figuration. The minimum cost for 1012 bits on line of 500
thousand dollars is considered excessive.

4.2 General Methodology

Figure 14 summarizes the conclusions of the technology trade off
in selecting a mass storage device. With the characteristic
defined for the mass storage, a request for proposal was pre-
pared and sent to the following vendors:

Honeywell
Ampex
Bell and Howell
Sangamo
RCA (no bid)

4.3 Technical Results

With the mass storage device relieved of storing any cache over-
load (see paragraph 3.3) and with data compression, (see para-
graph 7.3) a single reel of 28 track tape can store an entire 24
minutes of digitized Advisor-62 tape. It was selected as the
most cost effective method of providing the required mass storage.
Of the tape units, the Ampex HBR-3000 was selected for its match
to the mass storage requirements and its cost, and is included in
the DFIRS baseline configuration.

5.0 DISPLAYS

5.1 Technical Problem

The AN/AAD-5 produccs imagery of very large extent. How can
this imagery be presented on a limited extent CRT, cost effect-
ively?

5.2 General Methodology

A simply linear relationship e.xist between number of displayed
pixels and cost~ i.e. a 2048 line by 2048 pixel display costs
approximately 4 times a 1024 line by 1024 pixel display and 16

16
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times more than a conventional 512 line by 512 pixel display.
However, from a utility point of view, the 2K x 2K display is
more effective than 4 and 16 times, respectively. This results
from requiring overlap to avoid cutting targets in half when seg-
menting an image into smaller subdivisions. If 20% overlap is
provided then a 2K x 2K display will require 5.8-1K x IK and
33.2-5K x 5K displays. Therefore the cost benefit of a 2K x 2K
display is 44% better than a 1K x 1K display and 101% better
than .5K x .5K. These calculations imply that the largest dis-
play that supports the OHRS schedule and is within DHRS budget
limitation, should be utilized.

5.3 Technical Results

The cost and developmental risk associated with a 2K by 2K dis-
play eliminated it from further consideration at this time. A
survey of ten companies that produce lower resolution image
displays was conducted. The results of this survey is shown in
tables 3-5. The Comtal Vision one/20 was selected for inclusion
in the DHRS baseline since it provides 1K by 1K display with ver-
satility and reasonable cost and delivery.

6.0 TARGET SCREENER

6.1 Technical Problem

Figure 15 is the objective of the effort assigned to MC 2 under a
subcontract agreement. Specific evaluation criteria are shown in
Figure 16.

6.2 General Methodology

A preliminary survey was made of 13 potential target screeners for
which data was available. These target screeners were subsequently
categorized as shown in Figure 18. All screeners used a basic
algorithm generalized in Figure 19. The specific details used in
the NEMD "ATC" are diagrammed in Figure 20.

6.3 Technical Results

The three previous mentioned screeners as well as the Rockwell
International "ISA" target screener were considered equivalent,
in that they all performed similarly and all equally failed to
meet the evaluation criteria. Therefore, to evaluate avail-
ability in meeting the DHRS schedule and cost, request for pro-
posal was sent to Westinghouse, Honeywell, Rockwell International
and Northrop Electro-Mechanical Division. The responses received
from the last two companies are included as Appendix B and C to
CDRL A003 Technical Proposal/Program plan.

21
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7.0 COMPRESSION-EXPANSION

7.1 Technical Problem

The DHRS requires considerable amounts of expensive memory in
the FIFO Buffer and Formatter of the SIM, the MTU's of the SRM,
and Delay Buffer, Overview Buffer, Cache and Output Buffer of
the RPTM. See Figure 4.

7.2 General Methodology

The literature on image data compression was surveyed to find a
method of reducing the dynamic range of the image data while re-
taining its fidelity.

7.3 Technical Results

Differential Pulse Code Modulation (DPCM) was selected for in-
clusion in the DHRS baseline. DPCM was employed because: it
exploits the signal statistics of digital imagery and the visual
properties of the observer, it is simple to implement and it
halves required memory and its attendent costs.(I)

(1) ljetravali, Arun N., and Limb, John 0., Picture Coding:
A Review, IEEE 1980
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eeeinentA. The pitincipt techncat mi-6sion aAeas at~e
coirmunicataonA, etectwmagnetic guidance and contot, zu4-
vieeance oK( q'tound and aeitospace object6, inteULience data
coflection and handting, in~o'mation system technoeogq,
loosphetic pi'orpaqation, s'ofid -tate. .saencez, micAowave.
phyp-Lsi and etecttonic qetiabitity, main-tanabiP-ity and

* compatibif-to.


