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ABSTRACT

Terrain and weather affect combat operations more significantly
than any other physical factors on the battlefield. S
Historically, field commanders have not had the capability to
fully exploit battlefield environmental effects for tactical
advantage. The Corps of Engineers has initiated the ALBE program
to develop and evaluate Tactical Decision Aid (TDA) software and
products. The TDA's, when implemented on developmental systems,
will provide the Army with an operational capability to assess
and exploit battlefield environmental effects as a force
multiplier in combat operations. A government developed
Geographic Information System (GIS) will provide the databases
that the TDA software will access to generate products. A
development strategy has been devised that involves assembling an
ALBE Testbed, installing the GIS and TDA software, conducting S
field demonstrations and evaluations, and transferring the TDA
software to various target systems currently in the life cycle
development process. This innovative approach will facilitate
fielding of ALBE software and products, and will provide
battlefield commanders and their staff with the ability to better
exploit the combined effects of terrain and environment in the
decision-making process.

1. INTRODUCTION

Terrain and weather environmental effects are arguably the most
significant and limiting factors for a commander in combat
operations. However, collection of this data is a slow process,
and in most cases environmental intelligence products cannot be
generated with the speed needed to support continuous operations.
Therefore, tactical decisions have to be made with limited
knowledge of the battlefield environment, even though such
factors can be detrimental to the performance of today's high
technology Army systems. In addressing this problem, the Arm',,,
initiating development and fielding of advanced technology
systems such as the All Scur:e Analysis System (ASAS) , Maneuver
Contr l System (MCS, , >ota .D ra ns Suppcrt System (DTSS,
and Integrated Meteorioqc-ai Sster (iMET-', . These s,,stems w .



provide the capability to acquire and process intelligence,
maneuver, terrain and environmental information, respectively, in
an efficient and timely manner. In addition, the Corps of
Engineers, tasked with providing a synergistic approach to the
efficient assessment and exploitation of environmental
battlefield effects, has instituted the AirLand Battlefield
Environment (ALBE) initiative.

ALBE will facilitate the acquisition, integration, assessment and
exploitation of terrain, weather and other environmental
information through a government owned Geographic Information
System (GIS) . The GIS will provide for the implementation of
Tactical Decision Aids (TDA's). Two major goals of the ALBE
initiative are:

provide Army material acquisition, training and doctrine
activities with the capability of assessing and exploiting
realistic battlefield environmental effects.

provide the Army in the field with the capability to assess and
explclt battlefield environmental effects for tactical advantaQe.

This paper will address the ALBE TDA Technology Demonstration
program, one of the Army's top twenty technology demonstrations,
and the GIS which provides the environment for generating these
TDA products. This program is designed to provide a mechanism
for demonstrating and evaluating TDA products developed under the
Corps of Engineers' tech base efforts and to facilitate transfer
of these products to Field Army systems. The TDA Technoloqy
Demonstration program will address goal two of the ALBE
initiative. The primary ctectves cf the program are:

develcp and refine G! <., scftware tc szTp .. rt 72A product
4enerat-cn.

develc and refine 7rA scftware and devel:p the me-hodoloy t--
4 pro':P T2DA scftware an t tc Arm} operational units.
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and integrate the TDA software into the ATB, conduct a series of
demonstrations and evaluations to gather data and develop
methodologies for transitioning the TDA products to Army fielded
systems, and transfer of the TDA software to materiel developers
of the Army fielded systems.

2 . BACKGROUND
S

The ALBE TDA Technology Demonstration program is being condu:te:
under the auspices of the Corps of Engineers Directorate cf
Research and Development with the work being performed
cooperatively be Corps of Engineers (COE) and Army Materiel
Command (AMC) laboratories. Participating laboratories inclu;J
the Corps of Engineers'; Cold Regions Research and Engineer.n-,
Laboratory (CRREL), the Construction Engineering Research
Laboratory (CERL), the Waterways Experiment Station (WES) , a-.
the Engineer Topographic Laboratories; along with AJYC's
Atmospheric Sciences Laboratory (ASL). The TRADOC proponent
the ALBE Technology Demonstration program is the U.S. Army>
Intelligence School (UASICS). The Army Development and

4 Employment Agency (ADEA) will support the ALBE effort by:
facilitating the coordination necessary to execute the field
demonstrations and evaluations with the appropriate FORSCOM an,
TPADOC element, and assisting in the integration of ALBE softw.r>,
and products into the Army's SIGMA C I architecture. The U.S.
Army 9th Infantry Division will also support the TDA Technolco;
Demonstration program by providing troops to operate and evau .
the ALBE software durinq Command Post Exercises and Field
Training Exercises.

3. ALBE Testbed (ATS)

The ATB is designed fcr maximum flex> 1i... 'both hardware ani
software) to satisfy T'A developer reaulremen-t. s ard prcvlje a
suitable demonstration vehicle which can function in a real:s:
battlefield environment. The ATB hardware consists c two
ruggedized MicroVAX central processing units (CPTs, . One \
will be dedicated to terrain applications while the other is
dedicated to weather applications (Figures 1 and 3);. Both
use multiple hard disks, tape drives, graphi, and alphanumer::
:nput and output devices, and communication tevices. The Terrs; -7
CP' will include an XY Dlqitizinq input dev':ce anJ a C?? Mar:;
, Camera. The Weather CPU wll include an env'ronment, sensor
suite to jetect surfai'e and upper air metc: . -a1 ia

£_' w>, ro muncate w n each ther an . . ..
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In addition to the GIS and TDA software, the ATB will consist of:
operating system software (Virtual Memory System - MicroVMS),
Data Base Management System (DBMS) software, GKS graphics
libraries, and user interface software. These components of the 
ATB system software architecture will be integrated into a 6
cohesive software package where TDA software exploitation of
terrain and weather data can occur. The ATB software will also
contain language compilers for FORTRAN 77. PASCAL, C, and ADA.
Figure 3 illustrates the software architecture.

The ATB will be installed into an Integrated Command Post (ICF,
type shelters which are being mounted on Commercial Utility Care-
Vehicles (CItCVs) for transport during the ALBE demonstrations and
evaluations. This configuration will be accomplished in Octcer
1987. Acq-ulsltion and integration of the ATB hardware and B
implementation of the system software is being accomplished une:
contract by Battelle Pacifi- Northwest Laboratories (PNL).

4. GEOGRAPHIC INFORMATION SYSTEM (GIS) 0

4 .1 verv ie w

The ABF eoarap,,o : -normaticn System (31S) consists of several
software packages which enable an analyst to create, extract,
store, manipulate, and display digital terrain data. This data,
which can be displayed in hard and soft copy and raster and
vector for-ms, is the bas's for the production of Tactical
Decision Aids. The ALBE CIS consists of the following pubiic
domain scftware" the Analytical Mapping System (AMS) which all
for the digitization of data, the Map Overlay Stat7stical Syste.
MS3, which offers statistical analysis of vector data, and the

Map Analvsis and Prcoess:nc Subsystem (M.APS) which aLos for -,

=onversicn of vector tc raster data and the subsequent
stat'st ca1 analvsis. in addition to the aforementioned basi.:
software, the 'S includes a ma; proecticn packaqe whi'c- allc.the user to select frcn t.e. un iue map pro-iect~cns.

AMS, MCSS, and MA7r av -.'ve Le- n n us-e with , %'Aret y o:.C..... ... .

and cperatinc syste-: and as a result there : .eswrea.
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the replacement of DI-3000 with Battelle's Passthrough routines
(GKS calls and Rastertek 1/10 driver), and the remodelling of the
database directory structure (Figure 4). This work was performed
by DBA Systems, Inc. DBA is also nearing completion on several
software modules that will be integrated into the GIS. These
enhancements include; Arcnode Overlay processing capability in
A.MS, Raster to Vector conversion, and Standard Linear Format
(SLF) import and export capabilities. The Cartographic Output
System (COS) is scheduled to be converted to operate with the
ALBE GIS within a year. COS will enhance the system by providing - -
cartographic quality output. p

4.2 Analytical Mapping System (AMS)

Figure 5 illustrates the flow of data processing through the S
various software modules of the GIS. The AMS is a software
package that permits the user to create a digital, geographic
database. Features of AMS include: graphic display, editing,
softcopy, data/integrity verification, database storage and
retrieval, simultaneous user procedures, and twenty standard map
projections. The AMS software is menu driven, with several
layers of menus which allow the user to select options that will
exploit the capabilities. AMS contains a photogrammetric
subsystem which supports data extraction from various imagery
sources and has been used in some ETL programs; however, there
are no plans at this time to integrate this software for use in
the ALBE G 1

Cnce user accounts, a proaect area, and themes (soils,
veaetaticn, slope, etc.) have been established, the dicitai
database can be created. The source of data for the digitai •
di3atases has been Defense Mapping Agency TTADB's (1:500CC) . T.e
ALBE CIS uses an in-hcuse attribute coding scheme to represent
the features that are liqtized from these TTADB's. At this
point, the data exists in binary, AMS format. As a digit.zin,

is in process, the data is kept in arc-node format, vectors N .
and the attributes associated with them are stored in the system.

..nce the )cb is databasd tis arc-node information is retained,
as well as polygon information. AMS maintains a list of polygons 4
and the vectors and attributes that compose them. If a segment
is shared by two polv::=s, the cordirates fer that common
segment are stored once, each pc7:on a !: cponter I-
that stored sei-_ent.
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directly transfered. The DMA digital data standard is in a state
of transition. 2-D SLF data (TAPS FECAT coding), 3-D SLF data
(DMAFF coding), and MINITOPO data (FACS coding) is or will be
available. ALBE GIS will continue to use the in-house attribute
coding scheme, with plans to develop conversion programs for 2-D 0

SLF to 3-D SLF to MINITOPO formats as needed.

The existing method for complexing maps or overlaying themes in
MOSS is lengthy and is not user friendly. The installation of 0
the Arcnode Overlay Processing module in AMS will allow the user
to select from a menu of complexing options. These options
include forming unions, intersections, or differences of data
sets. The majority of the Arcnode Overlay software is written in
C, with the remainder in FORTRAN.

The user exports the data through ADDWAMS by selecting an option
from an AMS menu. The ADDWA.MS module allows the user to select a
map pro~ection, converts the data to ASCII and prepares it to be
added to the MOSS database. The data is stored in polygon form,
with cmron vectors duplicated.

4. Map Overlay StatistIcal System (MOSS'

MOSS is a conmand driven analysis and display system for map and
other geo-based information and is designed to allow users to
retrieve, analyze, and display maps and spatial data stored in
the system. ADDWAMS data is added to the MOSS database by
selectin- the ADD option from. the MOSSTTILIY menu. The data
then exists in binary, MOSS fcrmat and is represented in vector
for.. Processing capabilities cf MCSS commands can be broken
into three groups:

MOS - program control, and .na data storage and description
MOSSANALYSIS - extracticn and croductlcn of inlcrmat-on from
exlstinr na data, usuadly resulting in a new map

.T- general hsekeepii and display cf map files

MSS data is stored a: binary', MOSS format. Polygon information
s Freser;ed, with d'"c:ite storage of shareJ seqments.

-- :I t M _, :: d-.' r "i c _ .r. :o cr J. tr he MA PS d at a -if ,
:.' ,,,, .: -n the M~:: 2., : : n , A ' ,_ jer file, which :s e.
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created at this time. The RASTERIZE command can then be used tc
rasterize these MOSS files. Once the data has been rasterized,
it exists in binary MAPS format. Polygons and segments are not
preserved in MAPS. The MAPS format represents a geoqrapnic area
as a grid of pixel values, with each attribute as :gned a un:q-e
number. MAPS contains processing capa.h'ities in groups similar
to those of MOSS: program control, data storage, data display,
and data analysis.

MAPS data, as well as other forms of raster data, can be
processed further by the Raster to Vector conversion module. T e-
user will be able to display raster data in vector form via the
conversion. Data from image processing sources can be vectorized
with this software, and vector and raster data sets can be
converted to the same form for merging. This enhancement will
also be designed to close the loop on the GIS data processing.
In this way, raster data from outside sources could be brought
into the ALBE GIS system, assigned attributes, and processed for
use in TDA production. Three types of raster to vector
conversion will exist: creating polygons or areas (soils, slope),
linear features (lines, roads), and contours (elevations,
moisture gradient). ICARAS, a FORTRAN package created by the
EROS data center, will be used for the creation of polygons. A
FORTRAN package created by BATTELLE will be used for the creation
of vector contours. DBA will design the software for creating
the linear features, as well as integrating the aforementioned
packages into the system. Any additional software such as
utility programs or libraries will be written in C.

5. TACTICAL DECISION AIDS 0

The ALEE Tact--al Decision Aids are software products .
predict the effects of environment on bot.h frendly and threat
materiel, weapon systems, personnel and operations. The =A's
are not intenjed to render decisicns, but rather to supplement
the tactlcian's knowlede base ano auqent the decision mak:n•
process by providing infocr-mation useful in the formulation and
execution of battlefield strategies. The inputs to generate
these products consists of Diaital Terrain Elevation Data (DTEL
digitized (at Army labs, Tactizal Terrain Analy,'sis Data Base
(TTADB) terrain feature data, historl-cal climatoloc-ical data,
near-real-time metecrolccica. data, and mscellaneous :ntcrnatc. 0
such as vehicle and h'~ 'e -arameter lists, data on :i>tarv
equipment, personnel, c-. Tne Defense Miagginc A;encv has aqrc
to produce LTD l ' .. , terrn feature Jata ; 4s part c" the-
M'ark 9- ro ra r- - -_-e t a requ,_est 1-y th e Army, for- hiihez
resol utlon data. ie t w" serv as the terra in Jat
base f r t..e A-!-. . ... ..... syst m:. h
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ALBE TDA's cover the effects of both the current and forecast
state of the environment. They enable the tactical commander and
his staff to evaluate weapon system effectiveness, determine the
advantage of one system over another, and anticipate how
operations will be degraded or improved during threat/U.S.
engagements. The TDAs will enhance the ability to plan and
execute operations in a dynamic tactical situation, and let
commanders and their staff use weather and terrain as force
multipliers in employing combat assets.

There are six ALBE Tactical Decision Aid categories. They are:
Army Aviation
Countermobility
Ground Mobility
Nuclear, Biological, Chemical (NBC)
Terrain and Atmospheric Utilities (TAU)
Weapon System Performance

Each TDA category contains a number of modules; and each module
produces one or more TDA products. The products of some modules
can serve as input for those of another category. TDA products
generated through these processes will not merely reflect the
effects of any single factor, such as terrain, weather or battle-
induced conditions, but rather the combined synergistic effects
of a number of factors.

5.1 Arm y Aviation

The Army Aviation TAs will demonstrate the a..licatio. of
terrain and atmospheric models in analysis of aircraft
performance as it contributes to the success or failure ct ar "1
aviation mission. The TDA software cenerates toth crqqh o [i:o
and textua_ reports as out. The catenc'. ocns.sts o ..rco
mcdules:

Flight Weather
Aircraft Vectoring
Aircraft Performance

Th:e . '. ,t Weather mo e cenerates .on we...pr
hazarjs to !ellccter fliat. Five interactive models allow thx
user to anal-'ze differe ,, scenarios. Alrcraft Vectoring al',7.:.
the tactica to asse.s, predict and plan various alrcratt
opCratIons. Ten :nte:-_otive models alc' the user to Qenerit€,
data that descrites the current status C' selected aircraft
istr......entatcn and arilye the -octc .l :mpact of erv.vronn-'.-. 0
and terrain conditions. Aircraft Per:ormance generates graph :.
displays and map cver.i's o: uens4tv a'ttude ,nformat:cn fr

0
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flight planning purposes. The input, either current or forecast
meteorological data, is used to determine the areas where
aircraft performance may be marginal or hazardous.

5.2 Countermobility

The Countermobility TDA's will make predictions of obstacle
deployment and effectiveness considering the environment, troop
and equipment assets, constraints on equipment operation and time
required. Obstacles addressed include: minefields, wire,
craters, rubble, ditches, log obstacles, and flood zones. The
products generated allow the evaluation of alternative plans and
reduce the time required to implement an integrated obstacle
system. The category consists of three modules;

Minefield Deployment Effectiveness
Obstacle Deployments
Obstacle Systems

Minefield Deployments predicts the effectiveness and uses data
from environmental sensors located in the area of interest to
make real time predictions. This software allows the tactician
to generate map overlays illustrating deployment performance,
effectiveness, sitings, and resource requirements. Site
selection products are generated using mobility, gap crossing an4
Line of Sight predictions which are products of other TDAs. A
supporting model that addresses the impact of snow cover or
frozen soi! on the effectiveness of a minefield will also be
implemented.

-tstacle Deployment software allows the z .. generate a
oroduct ' wnich creicts the effectiveness, . ..eat cn and
cicgstics of obstacles other than minetields. Obstacle syste-

software acws the tactician to ienerate overlays which show
catisn, estiated threat force .. eacnn ti:es, movement

restriction, time delay effectiveness and loaistics. Obstacle
System predictions will be available for winter conditions; ice,

snow and frozen surfaces. The caraility provided will enable
the comanoer to plan tactlca; er7 cmncn op:t, operations
ef centlv.

the Grou;nd b:l"ty T-A s:: ... are ccnerates a comrehensive
descri tcn ot the ablt .. ve,;nces and vehicle convoys to
transport men and mater:a I over vlrtua.ily any type of terrain, o..
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or off road, under nearly any weather conditions. Battlefield
environmental conditions are described either on a projected or
on a near real time bases. This will allow the tactician to use
the products in either pre-battle planning or in battle decision
making. The category consists of eight modul'es:

Of f Road Speed
On Road Speed
Bridge Evaluation
Gap Crossing
Formation Movement
Route Cover and Concealment
Integrated Mobility
Road Usage

The Off Road Speed nodule is designed to predict the"G'OC
and maximum speed performance of vehicles off the road
considering the degrading effects of terrain and environmental
conditions. Predictions can be adjusted to either agree with
long term weather forecasts or reflect near real time weather.
The tactician can generate map overlays including depiction of
the ground vehicle "GO,/NOGO" speeds, and speed perfor-mance both
on an area! and a route seleotron basis, comparisons of off road
speed capabilities of different vehicles, and reasons for vehicle
off" road speed reductions and NOGOs. Cn Road Speed module
products consider vehicles cneratinc; on undamagied segments of a
road and provides similar capazri~it:Ps as t-ho-se for Off-Road
module products.

Brr.dae Evaluation identifies te ootonano nrotrsio:7
fixed trid :e sites and inndicates the sur _tazi..itv of a site :cr
tactica' trdzge deployment. Ga rsroe aaes vehicle
Qeonet ry and tractiron perf ormance carab rl-ty rel a, rye to a
onaracteristics and predrocts thne atil:'t'; cross it sele_-:e_
sites. Tt includes a suppcrtina mode:: W-nter BDridzrna, usc -i

Icaetact Ical brldo7nc slrtes . o wear ner .rnen.

Fomation Movement scft*-are in nt7 ~ ' and Is d esi-zned :
ithe lcqist ic protleo cf relcoatino- man":ower and rescuroeE.

Route cover and _conci::7ent software rred icts the capabrl rtv :
vehicles to travel on tne tattlefield with minimum exposure t_7..
The resulting products zan te used in conbr-nationwthter
plan routes that ninirn:ze rissk. Integrated Mobllrtyj is A
comination of al.' the ~rvosvdescribed nodules. It Can

predirot speed and *or travel tin7e for vehicle movement either
road, off road, or across cp:and it can aienerate route
selection maps Interactively. Road 1_s-ige software predicts th cr

ifluence of road usa:e .e speeds, traffic vol)ume ,
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times) on road damage and repair. A supporting model; Resource
Planning, incorporates Grounc Mobility TDA applications into the
Engineer Command and Control System (ECCS) for mission planning.

5.4 Nuclear, Biological, Chemical

The Nuclear, Biological, Chemical (NBC) software generates

products which provide information on the location, extent and
persistence of NBC hazards and smoke; the side effects of
chemical protective clothing; and options for decontamination.
The category consists of four modules:

NBC Hazard
Smoke Generation
Tube Delivered Smoke
Chemical Decontamination

NBC Hazard automates reporting operations and provides the
capability to display two and three-dimensional nuclear fallout
and chemical hazard areas on digital terrain map backgrounds.
Smoke Generation automates the design of large area oil fog smokce
screens to provide concealment and deception and to prevent
operational use of various electro-optical systems. Tube
Delivered Smoke uses munitions delivered by howitzers and mortars-,
for the same purposes as Smoke Generation products. Chemical
Decontamination provides the guidelines for NBC decontamination
on the winter battlefield identifying, interactively, practical
options for different types of equipment.

Terrain an Atmospheric Utlities

The Terrain and Atmospheric Utiiities (TAT) scttware orcvzes
genera. supporting utilities which can generate stand a ,ne
products or feed data into other TDA software. The tactician
use thlis software to generate either graphic or textual reports
of terrain and weather effects on varying military operations.
The category consists of seven modules:

Intervisibility
Sensor Communication and Data Handlinq
Weather Effects Messages
Surface and Upper Air Data
Military Hydrology (MILHY)
Target Area Winds
3D Perspective View

S



Intervisibility software is interactive and allows the tactician
to generate eight distinct terrain based products which predict
the impact of line of sight (linear and radial) on mobile and
aerial military operations. The Sensor Communication and Data
Handling software is really ATB system level software which
allows for the input of environmental data from any
meteorological sensor and make it useful for the TDAs. The
Weather Effects software allows the tactician to either scan the
environmental data base for parameters in excess of pre-
determined critical values and warn of the potential weather
impact or allows the tactician to simulate a scenario with a
given set of climate terrain values in order to determine
critical considerations and effects to a number of operations.

Surface and Upper Air Data software integrates diverse
environmental measurements into a coherent depiction of the
current status of the weather aloft and at the surface. This
software also allows the tactician to generate contour map
overlays of specified met parameters in the area of interest.
These products chiefly ser'.'e the interest of the Staff Weather
Officer (SWO) personnel.

Military Hydrology software allows the tactician to predict
forecast of water stage and flow characteristics for selected
times and cross sections within an area based on the physical
watershed characteristics and the precipitation as measured ,'
ground sensors. Target Area Winds software provides an accurate
estimate of terrain influenced surface and upper level winds in

target areas, ahead of the Forward Line of Own Troops (FIOT) and
in other data-silent areas. Knowledge of terrain influenced win.i
fields will produce more accurate chemical hazard and smoke
screen predictions, and will aid in the proper placement ct
chemical ala=r sensors and b:lleting of troops. The 3D
Perspective View software a,.ows the tactician to qener ate a
snaded rellef terrain perspective view product which can be u:'w:
as a stand alone prcjct tc prov de the commander -ith a
realistic window to view the battlefield environment or as a
background map onto which could be draped a timeevent sequenr-i
chemical or smoke generatirn product. The latter examrle wcclc
depict the influence of the terrain and wind field as tnk-
plu.me disperses thrughcu the area of interest.

5.E Weapon System Fer':-u .

The Weapon System Ferf rm r7-n 7 '0are cns -Z thn L pact
environmental effects entZr. pleetiveness ct electro-optical v:
seismicacoustic sensors an vhe taet :san can use th 5

software to generate fncr-t ':r fr:en1Jv' and threat
conditions, current>;" f:ei I ev , c7mental 7 1 ers, 1- S ,
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and guidance devices such as used on the TOW; self contained
munitions such as SADARM; advanced munitions such as FOG-M and
AAWS-M; and aided target recognition (ATR) devices. The categcry
consists of four modules: 0

Electro-Optical Systems
Top Attack Self Contained Munition (SCM) Systems
Seismic/Acoustic Sensor Systems
Advanced Munitions

The output for Electro-Optical Systems will consist of tables
depicting the effective ranges of devices used for target
acquisition and map overlays displaying line of sight limitations
on the terrain. Top Attack SCM system software will predict the S
performance of different target types, sensor logic and sensor
scan characteristics and it will determine optimum terrain
deployment sites for SCM/target engagements. Seismic/Acoustic
Sensor Systems will provide techniques to detect, locate, and
classify threat vehicles. Advanced Munitions will predict the
performance of automatic target recognition devices in current cf S
forecast environmental conditions.

"S
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