ARMY RESEARCH LABORATORY

Verification and Validation of the
Night Vision Goggle Tactical
Decision Aid

by John R. Elrick
Battlefield Environment Directorate

May 1995

MO

(OGB0TH1 07 e

Approved for public release; distribution is unlimited.




NOTICES
Disclaimers

The ﬁndiﬂgs in this report are not to be construed as an official Department of
the Amy position, unless so designated by other authorized documents.

The citation of trade names and names of manufacturers in this report is not to
be construed as official Government indorsement or approval of commercial
products or services referenced herein.

Destruction Notice

When this document is no longer needed, destroy it by any method that will
prevent disclosure of its contents or reconstruction of the document.

-




Form Approved
REPORT DOCUMENTATION PAGE e s 0188
Public reporting burden for this collectiop gf information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
e e 2 e nsion asmaras e SVASarat ot I ma Someators a3 Aepass 375 tfron
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Qffice of Managen?ent and Bgdget. Paperv:rcoersﬁ Rle'det?noi':r:ei'rgjrez (%;rsgf‘;glggp@r::;‘?:;g:‘d g?:pg&sé;.vs Jefferson
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
May 1995 Final

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Verification and Validation of the Night Vision Goggle

Tactical Decision Aid
6. AUTHOR(S)

John R. Elrick
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

U.S. Army Research Laboratory ARL-MR-166

Battlefield Environment Directorate

Attn: AMSRL-BE-W
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER

U.S. Army Reasearch Laboratory ARL-MR-166

2800 Powder Mill Road

Adlephi, MD 20733
11. SUPPLEMENTARY NOTES
12a. DISTRIBUTION /AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public realease; distribution is unlimited.

A

13. ABSTRACT (Maximum 200 words)

The Night Vision Goggle (NVG) Tactical Decision Aid (TDA) was developed to support Army
operations in situations requiring accurate predictions of light levels. Minimum thresholds of
illumination are used by the Army to plan and execute missions during periods of darkness or near
darkness. The NVG TDA is part of a suite of decision aids that will become part of the fielded
Integrated Meteorological System (IMETS). The IMETS is a system designed to be operated by Air
Force Staff Weather Officers supporting Army tactical operations in peacetime and in times of
conflict. The verification and validation (V & V) effort discussed in this report is part of the
Battlefield Environment Directorate configuration management plan to field physically correct and
user-friendly software to Army units over the entire conflict spectrum. The V & V described is
thorough and shows that the NVG TDA is physically correct and applicable for accreditation before

use.

1a. SUBIECT TERMS 15. NUMBER OF PAGES
low-light, night vision, IMETS L 42
: 16. PRICE CODE
[77. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION ] 19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
IInclassified ' Unclassified Unclassified SAR
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. 239-18
298-102 1




Contents

1. Introduction .............. R
2. Technical Documentation Review . . . . . . .. ... . ..ttt

3. Software Testing . . .. ... .. i
3.1 Notes Taken 1 Nov 93 . . . . i e e e i
3.2 Notes Taken 4 Nov 93 . . . .o e e e i
3.3 Notes Taken 9 Nov 93 . . .. i e et e e
3.4 Notes Taken 12 Nov 93 . .. @ et e it iia e
3.5 Notes Taken 15 Nov 93 . . .o i e e i i
3.6 Notes Taken 16 Nov 93 . .. . et e
3.7 Notes Taken 18 Nov 93 . . . . i i et

4. Conclusions and Recommendations . ............................
References . ... ... ..ottt e e
“Acronyms and Abbreviations . ........ .. ... .. oo
Bibliography . ..... ... ... . . .

Distribution . ........... ... . . . . . .. . ... e e e e e e e

koaogrion Fop

Avall and /oy

dpeaisl




1. Introduction

The Night Vision Goggle (NVG) tactical decision aid (TDA) is a computer
software application used to determine the suitability of NVG use based on
existing or forecast meteorological conditions in a specific area of interest. It
provides solar and lunar illumination values and positions based on computer
calculated ephemeris data. The TDA considers the general effects of clouds and
precipitation on illumination levels, - based on typical surface weather
observations of prevailing meteorological conditions.

The NVG TDA is part of a suite of decision aids delivered to the Program
Executive Office, Command and Control Systems (PEOCCS), Project Director
(PD), Integrated Meteorological System (IMETS) as part of a fielded IMETS
software applications package. Before this formal release, the NVG TDA was
used under the guidance of Battlefield Environment Directorate (BED) scientists
to support U.S. Army field training and command post exercises at various
locations in the United States and Europe. This TDA was included in the
Initial Operational Test and Evaluation of the Block I IMETS conducted at Fort
Hood, TX during the fall of 1993.

Although the NVG TDA went through acceptance testing before the release to
PEOCCS PD IMETS, formal independent verification and validation (V & V)
efforts were never accomplished. The V & V described here is a result of
BED’s efforts to include V & V as part of future software releases to U.S.
Army weather support personnel. This process is part of the BED configuration
management program to ensure that accurate, user-friendly applications are
fielded.

The NVG V & V discussed here, ideally, would have started at the beginning
of the software development cycle and continued throughout the life-cycle of
the NVG TDA until its final fielding accreditation. This effort was initiated at
BED after the release of the software, and certain V & V procedures had to be
omitted because of the late start. The accurate identification of software
problems is an integral part of providing the end-user with a physically and
theoretically sound product.




The following definitions from Army Regulation 5-11, Army Model and
Simulation Management Program [1] are provided for completeness (M & S
in these definitions refers to model and simulation):

a. Verification

(1) Verification is the process of determining that M & S
accurately represent the developer’s conceptual description and
specifications. Verification evaluates the extent to which the
M & S has been developed using sound and established
engineering techniques. The verification process involves
identifying and examining the stated and pertinent unstated
assumptions in the M & S, examining interfaces with input
databases, ensuring that source code accurately performs all
intended and required calculations, reviewing output records,
performing structured walk-through techniques to determine if
M & S logic correctly performs intended functions, and
performing M & S sensitivity analyses. Unexpected sensitivity
(or lack of sensitivity) to key inputs may highlight a need to
review the M & S algorithm for omissions or errors.

(2) Verification also includes appropriate data certification and
M & S documentation (e.g., programmer’s manual, user’s
guide, and analyst’s manuals).

(3)> Verification should normally be performed by an
independent V. & V (IV & V) agent but remains the
responsibility of the M & S proponent to ensure
accomplishment.

b. Validation

Validation is the process of determining the extent to which
M & S accurately represent the real-world from the perspective
of the intended use of the M & S. The validation process
ranges from single modules to the entire system. Ultimately,




the purpose is to validate the entire system of M & S data, and
operator-analysts who will execute the M & S. Validation
methods will incorporate documentation of procedures and
results of any validation effort.

The types of validation appropriate for the NVG TDA are (1) face validation,
which determines whether an M & S, based on performance, seems reasonable
to people who are knowledgeable about the system being modeled; and (2) peer
review, which involves critical and detailed analyses of the internal
representativeness of the M & S and outputs by personnel who are experts in
the functional areas represented in the M & S. This determination is based on
the selected examples of validation given in the document. The following
sections will focus on the NVG TDA V & V starting with a review of technical
documents used in the development of the NVG TDA and other documentation
primarily used to corroborate methods or values presented in the TDA. The
investigator’s comments are included where deemed necessary.




2. Technical Documentation Review

A comprehensive review of the technical documents used to develop the
NVG TDA and a review of technical materials related to the software release
of the NVG TDA to PD IMETS were made. The review was necessary for
the validation of the theoretical concepts incorporated into the computer model.
The summary is presented in this section on a document-by-document basis
with cross-references where necessary for comparison of values and techniques
used. The validation described is conceptual, as described by Dale K. Pace in
his article "Modeling and Simulation," [2] because of the maturity level of the
computer application model and the relative timeliness of this V & V effort.
The V & V started late in the research and development cycle because of the
delayed adoption of accepted configuration management practices by BED. In
theory, the V & V should have started with the initial software development
and continued through the IMETS release and beyond as new improvements to
the computer model are made. The first document reviewed is the basis for the
illumination calculations in the NVG application prepared by the National
Defence Research Organization TNO in the Netherlands. [3]
AFGL-TR-82-0039, Solar Radiative Flux Calculations from Standard Surface
Meteorological Observations, [4] is also discussed in some detail, because it
is the basis for the cloud cover information applied here. Supporting
documents are reviewed next. The NVG TDA user’s guide is reviewed for
accuracy and applicability for operational use as seen by the evaluator.

The technical basis for the NVG TDA computer application was taken from
The Computer Program ILLUM: Calculation of the Positions of Sun and Moon
and the Natural Illumination, PHL 1982-13 by Ir. A.C. van Bochove from the
Physics Laboratory at the National Defence Research Organization TNO. [3]
The computer program described in this report was used for solar and lunar
ephemeris calculations and for the associated illumination values. This
reference also provides a reasonable constant value for natural illumination in
which there is little or no contribution to light levels from the sun or moon.
The report contains a full description of the FORTRAN computer code used.




The NVG program calculates illumination levels from user-supplied
geographical latitude and longitude of an earth-based observer and on the local
mean solar time. The calculations are reported to be within 1 min of arc for
a specified valid interval. Illumination levels are calculated for the sun and
moon based on a horizontal plane (flat earth) for clear skies. The computer
code consists of two parts: (1) astronomical, which calculates solar and lunar
azimuth and altitude and lunar phase; and (2) illumination, which calculates
illumination levels and the distance of the sun and moon from the earth. Not
surprisingly, the program results are not reliable during eclipses; however, the
computer code is structured to warn of these occurrences. The altitude
dependence of the illumination and the effect of the lunar phase are taken from
accepted empirical data published in the literature.

As mentioned earlier, a constant value for natural illumination is used. For
conditions in which the sun and moon are well below the observer’s horizon,
a value of 1.1 X 107 Ix (lumens (Im) m™) is used, which is consistent with
values found in the RCA Electro-Optics Handbook [5] of 1.0 X 107 1x. Values
for maximum lunar illumination (full moon) were 0.267 I1x from both

references.

Another primary document for the NVG TDA was AFGL-TR-82-0039, Solar
Radiance Flux Calculations from Standard Meteorological Observations, [4] by
Ralph Shapiro of Systems and Applied Sciences Corporation under contract to
the Air Force Geophysics Laboratory (now Phillips Laboratory). The results
of Shapiro’s work and resulting computer models were used to include the
effects of cloud cover on the amount of illumination reaching the ground. In
its most complex form, this model calculates the solar radiation incident at or
near the earth’s surface through n-layers of a model atmosphere through a
system of 2n + 2 linear equations. These equations are a closed set of
equations that account for the physical processes of reflection, transmission,
and absorption of the electromagnetic radiation along its path.

To be consistent with the standard methodology for reporting cloud cover, the
n-layers were taken to be three discrete cloud layers representing low, middle,
and high clouds. The effects of the surface of the earth (albedo) were also
considered in a cursory fashion. Specific coefficients, primarily dependent on




the cloud amount and thickness, were developed. After reflection,
transmission, and absorption coefficients are determined, based on direct
measurements of radiation reaching the ground and simultaneous cloud type
and amount observations, the model offers the capability of determining the
mean transmission and reflection characteristics of any individual cloud type.
The model described here was tested against independent data and found to be
accurate. The calculations used in this work were derived from scattering
theory and Monte Carlo simulations. '

Nine cloud types were chosen to represent the cloud types commonly observed.
The Synoptic Cloud Code recognizes other cloud types, but their occurrence
is rare and they are seldom observed. The lowest cloud types considered are
cumulus, stratocumulus, and stratus in which stratocumulus and stratus are
combined. Middle clouds are made up of altostratus and altocumulus. Thin
and thick cirrus clouds represent the high cloudiness and are combined but
differentiated by their thickness (thin and thick). The case in which
precipitation is occurring is the least reliable solar flux calculation used in the
model because of the infrequent occurrences leading to a small number of case
studies and the several different cloud types present during precipitation events.
During precipitation, ground-based observers, typically, report the clouds
accurately only up to the first overcast layer unless the observer has detailed
supplemental information from meteorological satellites or from another source
such as balloon soundings or aircraft reports. Because of this, thick clouds are
assumed at all three levels (low, middle, and high) when precipitation is
occurring.

In this application, simple radiative transfer processes are considered.
Processes such as aerosol and molecular scattering and absorption and ozone
and water vapor absorption are treated in the most rudimentary fashion. "Since
the largest effect of insolation is due to clouds and since we are approximating
the atmosphere with only three layers, a more sophisticated treatment of the
clear layers was deemed unwarranted." [4]

The respective transmission, reflection, and absorption for each of the three

cloud layers in Shapiro’s treatment were handled accurately and correctly
according to atmospheric physical processes. Even though this treatment is

9




10

greatly simplified by considering a simple three-layer atmosphere, the dynamics
of the radiation reaching the earth’s surface is very complicated. Shapiro
rigorously and completely handles this physical process. [4]

The evaluator did extensive analyses of the cosine dependence on solar
radiation with altitude. The analyses showed that the variation in the insolation
was largely independent of the angle of incidence at altitudes below 10,000 ft
with the variation in the fourth decimal place at angles less than 90°. Because
most Army operations involving NVGs occur at low altitudes, the incidence
angle of the radiation with altitude was considered insignificant, especially, in
view of the other simplifying assumptions already made.

Finally, the Technology Exploitation Weather TestBed (TEWTB) User’s Guide
and Technical Reference for the Block I Integrated Meteorological System
(IMETS), PSL-92/60 [6] was reviewed for content and consistency. This
document was prepared for and intended to be used by individuals unfamiliar
with the IMETS but who possessed some basic computer operations skills.
Some inconsistencies were noted in this review; however, it is a very useful

document.

The user’s guide employs the terminology night vision devices interchangeably
with NVG. This is misleading because the Army has other equipment intended
for use under low-light level conditions, which are not NVGs. Examples of
these are the starlight scope used for night operations with the M-16 rifle and
the tank gunner’s sight used in night armor operations. The NVG application
is geared more toward aviation uses for nighttime flying at low altitudes, not

other operations.

References are made to conditions as being GO or NO-GO in some cases and
as being Favorable/Marginal/Unfavorable in others. The terms GO/NO-GO
should be avoided in any kind of a decision aid because of their restrictive
nature and seeming inflexibility to adapt to changing situations. These are
decision aids for use by operational decision makers, and they should not
appear to be directive in nature.




Computer jargon is used in several places. This is probably acceptable for the
intended audience for this early release. A careful review of future user’s
guides intended for operational use by Air Force Staff Weather Officers will
be necessary to avoid potential confusion. For example, alphanumeric display
could be replaced with something like tabular display for clarity.

The user’s guide is not internally consistent in places. In some places, three
cloud layers are mentioned, and in other places, four are mentioned. The
model actually has four layers with the surface of the earth being a distinct
surface along with the three cloud layers previously mentioned. There should
be a specific input for atmospheric obscurations such as fog, smoke, haze, etc.
that apply to partial (-X) and total (X) obscurations. The obscuration entries
should be part of the forecaster input. The input form (screen) should have
examples of expected input. For example, the month could be represented be
1-12 or Jan-Dec.

The reference should contain definitions of the unfamiliar terminology used.
Some people operating the IMETS will not remember the difference between
nautical and civil twilight. Inclusion of these definitions will make the
document a valuable reference for the operator. The guide is complete and
fairly accurate for its stage of development and intended use in the research and
development cycle.

11




3. Software Testing

3.1

During testing, the NVG TDA computer software was exercised approximately
11.5 h in seven separate sessions. The testing was done on the ACCS4 system
located in building 1646 room 18. The most current version of the Block I
IMETS baseline software resides on the ACCS4 system. The purpose of the
testing was to evaluate the user friendliness of the NVG software suite from an
operator’s point of view and to determine obvious inconsistencies in the
computer application. Other errors were not discovered in the testing because
of the evaluator’s inability to determine and analyze every possible scenario.
The following is a list of the notes taken during the software testing phase of
this validation effort:

Notes Taken 1 Nov 93

Hardware Platform: ACCS4
Time on System: Approximately 2 h

Went through the example scenario in the user’s guide

NVG input screen has a typo, "Time difference between loca and GMT (hrs);"
loca should be local. A discrepancy report form was filed.

The user must make sure that an item is highlighted before it is accepted by the
program. Simply changing the entry is not enough; this is not a big deal but
could give a person without computer operation experience a fit. Training on
the use of the x-windows system should clear this up.

It is not obvious that latitude and longitude are in the form deg, min, sec from
looking at the values. Maybe the units should be included here. This is
particularly true when there is only one digit for minutes and seconds.

(6) in the user’s guide example "PLOT OF GO/NO-GO TIMES" is not a menu

option in the NVG application, but "PLOT OF
FAVORABLE/UNFAVORABLE" is.

13
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3.2

Daily event times should have four digits. Morning times should have the
leading zero, if needed. For example, 730 should be 0730. This would
conform to the military (24-h clock) way of telling and representing time.

Suggestion: Moonrise and moonset are not explicitly defined. It might be a
good idea to just have a table with the nautical and civil twilights as well as
moonrise/moonset. Sunrise and sunset could also be included because they are
often used by Army operations personnel.

Notes Taken 4 Nov 93

Hardware Platform: ACCS4
Time on System: Approximately 2 1/2 h

This is the disclaimer statement that precedes the application:

UNVERIFIED, DEVELOPMENTAL SOFTWARE FOR TRAINING
AND EVALUATION ONLY Operational use requires near real-time
meteorological data from surface, upper air, and satellite sensors and
weather forecasts for the local area. Optimally, the host computer
will automatically ingest the meteorological data and process weather
decision aids. Before operational use this software must be approved
according to DoD Directive 5000.3 and procedures given in
DoD-STDS 2167A and 2168.

See discrepancy report forms for errors detected.

The form that is displayed for the daily event times should be made so that the
dates can be read after the slide bar is used to reveal the data that would not
fit on the screen. The headers (BMNT, EENT, etc.) should also be visible
when the data slides down for the user to view it. It is real hard to tell what
data is in the columns and rows unless they are identified in some way.

Data that were requested for 31 Nov 93 (no such date) were identical to the
data for 1 Dec 93. This is a good finding in that when a bogus date is chosen,
all other data are not shifted one day.




3.3

Notes Taken 9 Nov 93

Hardware Platform: ACCS4
Time on System: 2 1/2 h

The ACCS4 computer had to be rebooted in order for the system to work. It
is not obvious that the system was down when the application was entered.

PLOT OF FAVORABLE/UNFAVORABLE Worked well for 1 day. The
screen depicts a red-amber-green display which is easy to read and understand.

PLOT OF ILLUMINATION LEVELS This is a line graph. The yellow band
is hard to distinguish as yellow, if it is small. There should be some indication
of what is favorable and unfavorable on the chart.

ILLUMINATION CALCULATION This seemed to work fine but the time
reference either Z or L should be on the input value box/screen. It will default
to 0000Z if nothing is input.

The plot of favorable/unfavorable comes up behind other screens when it should
come up in front automatically.

When changed, the NVG input screen should come up with the new values that
were input rather than what they were when the program was entered. The site
ID, weather, cloudiness, and GMT time difference come up to the original
values when the NVG program is exited.

The Light Level Planning Calendar (LLPC) is hard to follow and probably
should be color coded or something. The legend goes away when the slide bar
is used.

Whenever a ground or surface type is specified, the value of its corresponding
albedo should be available to the operator. Maybe it would be helpful if the
operator could change the albedo based on local conditions and/or knbwledge
of the surface.

15




16

3.4

Notes Taken 12 Nov 93

Hardware Platform: ACCS4
Time on System: 1/2 h

The ACCS4 system booted normally. Twilight values from the NVG program
were compared to hard copy printout values from the Nautical Almanac Office

at the U.S. Naval Observatory in Washington, DC.

Table 1 lists the comparisons of the data from the NVG Application and the
table from the White Sands Missile Range weather forecasting facility
(C-Station) (the values are the deviation of the NVG program to the Nautical
Almanac values. All non-zero values are positive unless noted otherwise).

These data show some differences but they are minor and could be attributed
to differences in calculation methodology or some sort of a computer routine
that rounds values off differently. These values are certainly within reasonable
limits based on the accuracy needed for Army operations. There is good
internal consistency between these two independent sources of data. The same
analysis was conducted for the other eleven months of the year and the largest
absolute difference between the two methodologies was 5 min. The stated
requirement for accuracy was that the computer-generated data be within 5 min
on either side of the actual event. The Nautical Almanac Office data are
widely used throughout the world by U.S. Government agencies. Based on
this, the NVG application data are good and very useful.

The values for latitude and longitude that were input to the NVG application
were the same as those provided for C-Station tables to the Naval Observatory.

These values were:

a. Latitude = 32° 23’ North
b. Longitude = 106° 29 West




Table 1. List of the comparisons of the data from the NVG application and the table
from C station

January 1993
Date BMNT*? BMCT® EECT® EENT

1 2 2 -3 -2
2 2 3 -3 -3
3 2 3 -3 -3
4 1 3 -3 -3
5 2 3 -3 -3
6 2 2 -4 -3
7 2 2 -3 -4
8 2 2 -3 -4
9 2 1 -3 -3
10 2 1 -4 ' -3
11 2 2 -4 -4
12 2 1 -3 -4
13 2 1 -3 -4
14 2 1 -3 -3

15 2 1 -4 -4
16 2 1 -4 -4
17 1 1 -4 -4
18 1 0 -4 -4
19 2 1 -3 -3
20 2 1 -3 -4
- 21 1 0 -3 -4
22 1 1 -4 -4
23 2 1 -4 -4
24 1 0 -4 -4
25 1 1 -4 -3
26 1 0 -4 -4
27 1 1 -4 -4
28 2 0 -3 -4
29 1 1 -3 -4
30 1 0 -3 -4
31 1 1 -4 -5

“BMNT = beginning morning nautical twilight (center of the solar disk 12° below the horizon in the morning)
®BMCT = beginning morning civil twilight (center of the solar disk 6° below the horizon in the morning)
°EECT = ending evening civil twilight (center of the solar disk 6° below the horizon in the evening)

YEENT = ending evening nautical twilight (center of the solar disk 12° below the horizon in the evening)

NOTE: The definitions for BMNT, BMCT, EECT, and EENT were taken from the Glossary of Meteorology. [7]
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3.5

3.6

3.7

Notes Taken 15 Nov 93

Hardware Platform: ACCS4
Time on System: 1 h

The ACCS4 would not enable me to get to the White Sands Missile Range map
display and the NVG application would not execute. I tried three or four
different times. There was no outward indication that anything was wrong with
the application except that it would not come on as expected.

Notes Taken 16 ‘Nov 93

Hardware Platform: ACCS4
Time on System: 1 h

On 16 Nov, the system behaved itself and worked normally. I made copies of
the solar ephemeris from the ACCS for comparison with the C-Station data.
The results are discussed in the 12 Nov notes.

Notes Taken 18 Nov 93

Hardware Platform: ACCS4
Time on System: 2 h

The following was noted:

a. On the LLPC, the user cannot maximize the application window screen but
the capability to do it is still active. The system has a protection mechanism
built in that requires you to log back in. Since this maximize capability really
doesn’t do anything, it probably should be disabled to avoid confusion.

b. The same process described above also happens with the map in that the
user must log back in. The map does come up on the whole screen after log-
in. This is confusing to the operator.




- S

c. When the LLPC is displayed, it is really only partially represented on the
screen and the slide bars must be used to see other parts of the table. When the
user tries to print the screen, all that is printed is the information on the
computer screen. In order to get a printout of the table, the operator must make
multiple copies of screens. The window will not expand to show the complete
table.

d. The table on the LLPC is hard to understand. Possibly it could be colored
for favorable, marginal, and unfavorable or contoured with only a few large
letters/symbols in each area. This would make the table interpretation easier for
the operator or anyone who was receiving a briefing from a hard-copy print or
directly from the computer screen.

Errors that were noted in this testing were fully documented on established

discrepancy report forms and reported to the responsible parties in accordance
with established BED configuration management procedures.
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4. Conclusions and Recommendations

The NVG TDA is complete and accurate based on its stage of development in
the IMETS scheme. It is based on sound physical principles and is usable and
trustworthy for limited operational considerations. Before the software and
hardware can be fielded, they must be made user-friendly. Any errors noted
in this memorandum report and subsequent V & V efforts must be corrected.
The NVG TDA must continue to be fully tested and independently evaluated
in each baseline phase of its development before it is fielded as part of an
operational IMETS for Army weather support. As in the past, periodic testing
of changes and upgrades to the computer code by the software developers are
necessary to verify the correctness of the computer code and its interaction with
its associated computer hardware platform. Independent V & V must be
thoroughly conducted before future IMETS releases.
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Acronyms and Abbreviations

BED
C-Station
IMETS
LLPC
NVG

PD
PEOCCS
TDA
V&V

Battlefield Environment Directorate

White Sands Missile Range weather forecasting facility
Integrated Meteorological System |

Light Level Planning Calendar

Night Vision Goggle

Project Director

Program Executive Office, Command and Control Systems
tactical decision aid

verification and validation
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ARMY CHEMICAL SCHOOL
ATZN CM CC

ATTN MR BARNES

FT MCCLELLAN AL 36205-5020

NASA MARSHAL SPACE FLT CTR
ATMOSPHERIC SCIENCES DIV
E501

ATTN DR FICHTL

HUNTSVILLE AL 35802

NASA SPACE FLT CTR
ATMOSPHERIC SCIENCES DIV
CODEED 411

HUNTSVILLE AL 35812

ARMY STRAT DEFNS CMND
CSSDSL L

ATTN DR LILLY

PO BOX 1500

HUNTSVILLE AL 35807-3801

ARMY MISSILE CMND
AMSMI RD AC AD
ATTN DR PETERSON
REDSTONE ARSENAL
AL 35898-5242

ARMY MISSILE CMND
AMSMI RD AS SS

ATTN MR H F ANDERSON
REDSTONE ARSENAL

AL 35898-5253

ARMY MISSILE CMND
AMSMI RD AS SS
ATTN MR B WILLIAMS
REDSTONE ARSENAL
AL 35898-5253

Distribution
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ARMY MISSILE CMND 1
AMSMI RD DE SE

ATTN MR GORDON LILL JR

REDSTONE ARSENAL

AL 35898-5245

ARMY MISSILE CMND 1
REDSTONE SCI INFO CTR

AMSMI RD CS R DOC

REDSTONE ARSENAL

AL 35898-5241

ARMY MISSILE CMND 1
AMSMI :

REDSTONE ARSENAL

AL 35898-5253

ARMY INTEL CTR 1
AND FT HUACHUCA

ATSICDCC

FT HUACHUCA AZ 85613-7000

NORTHROP CORPORATION 1
ELECTR SYST DIV

ATTN MRS T BROHAUGH

2301 W 120TH ST BOX 5032

HAWTHORNE CA 90251-5032

NAVAL WEAPONS CTR 1
CODE 3331

ATTN DR SHLANTA

CHINA LAKE CA 93555

PACIFIC MISSILE TEST CTR 1
GEOPHYSICS DIV

ATTN CODE 3250

POINT MUGU CA 93042-5000

LOCKHEED MIS & SPACE CO 1
ATTN KENNETH R HARDY

ORG 91 01 B 255

3251 HANOVER STREET

PALO ALTO CA 94304-1191
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NAVAL OCEAN SYST CTR
CODE 54

ATTN DR RICHTER

SAN DIEGO CA 92152-5000

METEOROLOGIST IN CHARGE
KWAJALEIN MISSILE RANGE
PO BOX 67

APO SAN FRANCISCO

CA 96555

DEPT OF COMMERCE CTR
MOUNTAIN ADMINISTRATION
SPPRT CTR LIBRARY R 51

325 S BROADWAY

BOULDER CO 80303

DR HANS J LIEBE
NTIAITS S 3

325 S BROADWAY
BOULDER CO 80303

NCAR LIBRARY SERIALS
NATL CTR FOR ATMOS RSCH
PO BOX 3000

- BOULDER CO 80307-3000

DEPT OF COMMERCE CTR
325 S BROADWAY
BOULDER CO 80303

DAMI POI :
WASH DC 20310-1067

MIL ASST FOR ENV SCI OFC
OF THE UNDERSEC OF DEFNS
FOR RSCH & ENGR R&AT E LS
PENTAGON ROOM 3D129
WASH DC 20301-3080

DEAN RMD
ATTN DR GOMEZ
WASH DC 20314
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SPACE NAVAL WARFARE
SYST CMND

PMW 145 1G

WASH DC 20362-5100

ARMY INFANTRY

ATSH CD CS OR

ATTN DR E DUTOIT

FT BENNING GA 30905-5090

AIR WEATHER SERVICE
TECH LIBRARY FL4414 3
SCOTT AFB IL 62225-5458

USAFETAC DNE
ATTN MR GLAUBER
SCOTT AFB IL 62225-5008

HQ AWS DOO 1
SCOTT AFB IL 62225-5008

ARMY SPACE INSTITUTE
ATTN ATZI SI 3

FT LEAVENWORTH

KS 66027-5300

PHILLIPS LABORATORY

PL LYP

ATTN MR CHISHOLM
HANSCOM AFB MA 01731-5000

ATMOSPHERIC SCI DIV
GEOPHYSICS DIRCTRT
PHILLIPS LABORATORY
HANSCOM AFB MA 01731-5000

PHILLIPS LABORATORY
PLLYP3
HANSCOM AFB MA 01731-5000

RAYTHEON COMPANY
ATTN DR SONNENSCHEIN
528 BOSTON POST ROAD
SUDBURY MA 01776

MAIL STOP 1K9
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ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY

ATTN MP H COHEN
APG MD 21005-5071

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY AT

ATTN MR CAMPBELL
APG MD 21005-5071

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY CR

ATTN MR MARCHET
APG MD 21005-5071

ARL CHEMICAL BIOLOGY
NUC EFFECTS DIV
AMSRL SL CO

APG MD 21010-5423

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY

APG MD 21005-5071

NAVAL RESEARCH LABORATORY
CODE 4110

ATTN MR RUHNKE

WASH DC 20375-5000

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY CS

ATTN MR BRADLEY
APG MD 21005-5071

ARMY RESEARCH LABORATORY
AMSRL D

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145
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ARMY RESEARCH LABORATORY
AMSRL OP SD TP

TECHNICAL PUBLISHING

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

ARMY RESEARCH LABORATORY
AMSRL OP CI SD TL

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

ARMY RESEARCH LABORATORY
AMSRL SS SH

ATTN DR SZTANKAY

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

ARMY RESEARCH LABORATORY
AMSRL

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

NATIONAL SECURITY AGCY W21
ATTN DR LONGBOTHUM

9800 SAVAGE ROAD

FT GEORGE G MEADE

MD 20755-6000

ARMY AVIATION CTR
ATZQ D MA

ATTN MR HEATH

FT RUCKER AL 36362

OIC NAVSWC

TECH LIBRARY CODE E 232
SILVER SPRINGS

MD 20903-5000

ARMY RSRC OFC
ATTN DRXRO GS
PO BOX 12211
RTP NC 27009

DR JERRY DAVIS

NCSU

PO BOX 8208

RALEIGH NC 27650-8208
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ARMY CCREL

CECRL GP

ATTN DR DETSCH
HANOVER NH 03755-1290

ARMY ARDEC
SMCAR IMI I BLDG 59
DOVER NI 07806-5000

ARMY SATELLITE COMM AGCY
DRCPM SC 3
FT MONMOUTH NIJ 07703-5303

ARMY COMMUNICATIONS
ELECTR CTR FOR EW RSTA
AMSEL EW D

FT MONMOUTH NIJ 07703-5303

ARMY COMMUNICATIONS
ELECTR CTR FOR EW RSTA
AMSEL EW MD

FT MONMOUTH NIJ 07703-5303

ARMY DUGWAY PROVING GRD
STEDPMT DAL 3
DUGWAY UT 84022-5000

ARMY DUGWAY PROVING GRD
STEDP MT M

ATTN MR BOWERS

DUGWAY UT 84022-5000

DEPT OF THE AIR FORCE

OL A 2D WEATHER SQUAD MAC
HOLLOMAN AFB

NM 88330-5000

PL WE
KIRTLAND AFB NM
87118-6008

USAF ROME LAB TECH
CORRIDOR W STE 262 RL SUL
26 ELECTR PKWY BLD 106
GRIFFISS AFB

NY 13441-4514
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AFMC DOW
WRIGHT PATTERSON AFB
OH 0334-5000

ARMY FIELD ARTLLRY SCHOOL
ATSF TSM TA
FT SILL OK 73503-5600

NAVAL AIR DEV CTR
CODE 5012

ATTN AL SALIK
WARMINISTER PA 18974

ARMY FOREGN SCI TECH CTR
cM ,

220 7TH STREET NE
CHARLOTTESVILLE

VA 22901-5396

NAVAL SURFACE WEAPONS CTR
CODE G63
DAHLGREN VA 22448-5000

ARMY OEC

CSTE EFS

PARK CENTER IV

4501 FORD AVE
ALEXANDRIA VA 22302-1458

ARMY CORPS OF ENGRS
ENGR TOPOGRAPHICS LAB
ETL GS LB

FT BELVOIR VA 22060

TAC DOWP
LANGLEY AFB
VA 23665-5524

ARMY TOPO ENGR CTR
CETEC ZC 1
FT BELVOIR VA 22060-5546

LOGISTICS CTR

ATCL CE
FT LEE VA 23801-6000

36




SCI AND TECHNOLOGY
101 RESEARCH DRIVE
HAMPTON VA 23666-1340

ARMY NUCLEAR CML AGCY
MONA ZB BLDG 2073
SPRINGFIELD VA 22150-3198

ARMY FIELD ARTLLRY SCHOOL
ATSF F FD
FT SILL OK 73503-5600

USATRADOC
ATCD FA
FT MONROE VA 23651-5170

ARMY TRADOC ANALYSIS CTR
ATRC WSS R
WSMR NM 88002-5502

ARMY RESEARCH LABORATORY
AMSRL BEM

BATTLEFIELD ENVIR DIR

WSMR NM 88002-5501

ARMY RESEARCH LABORATORY
AMSRL BE A

BATTLEFIELD ENVIR DIR

WSMR NM 88002-5501

ARMY RESEARCH LABORATORY
AMSRL BE W

BATTLEFIELD ENVIR DIR

WSMR NM 88002-5501

ARMY RESEARCH LABORATORY
AMSRL BE

ATTN MR VEAZEY
BATTLEFIELD ENVIR DIR

WSMR NM 88002-5501

DEFNS TECH INFO CTR
CENTER DTIC BLS

BLDG 5 CAMERON STATION
ALEXANDRIA

VA 22304-6145
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ARMY MISSILE CMND
AMSMI

REDSTONE ARSENAL
AL 35898-5243

ARMY DUGWAY PROVING GRD
STEDP 3
DUGWAY UT 84022-5000

USATRADOC

ATCD FA

FT MONROE VA 23651-5170
ARMY FIELD ARTLRY SCHOOL
ATSF

FT SILL OK 73503-5600

WSMR TECH LIBRARY BR
STEWS IM IT

WSMR NM 88001

Record Copy
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