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"Terrain and weather have more impact on battle than any 
other physical factor" (FM 100-5) 

by Dr.  M. Mcrr i l l  Stevens 

L hi~tt lcf ield o f  the. 2lst  century Th:
w ~ l l  hc more challenging than 

those o f  the past. Its topographic 
bound;lrics wi l l  he lcss well defined, 
with grcater areal extent, and so wi l l  
have ;I propensity for more varied 
tcrrain conditions. We can also ex- 
pect more ohscurants to visihility 
and grcater lethality. Engineers, the 
terrain cxperls, are preparing l o  
meet this challenge. 

A keen knowledge and the ability 
to readily assess battlefield cnviron- 
mental conditions is a force multi- 
plier to the h~ t t le l i e ld  commander. 
Terrain conditions itre critical i n  
military planning and operations. As 
L T G  Henry . I .  Hatch, Chief o f  En-
gineers, has said, "Terrain is ncu-
tral. Ignore i t  and i t  becomes your 
enemy. Llse il and i t  is your ally." 

Ground reconnaissance, the most 
accurate means o f  evaluating terrain 
conditions, is not always possible he-
cause 01 in;~ccessibility and tili ic lim- 
itations. Since future military opera- 
tions are not likely to permit physi- 
cal access lo the battlefield and time 
wil l  he critical, a remote means o l  

evaluating tcrrain will be necessary. 
Remote sensing ol' the ground sur- 
filcc can also provide tcrrain infor- 
mation not immediately app;ircnt 
from ground rcconn;iissance or by 
visual observation from the air. The 
use o f  remotely sensed tcrroin i i ;~ta 
from space-, air-, and ground-hascd 
sensors wil l  help comm;~nders see 
and assess the battlclield in  time to 
affect the outcome o f thc  hattlc. 

On  the 21st century hatllelield, in- 
rornration galhered from reniote 
sources wil l  be integrated with inl'or- 
mation previously generated and 
stored i n  digital tcrrain d;ita bases. 
These data wil l  be processed on 
knowledge-based expert systems 
using artificial inlelligcncc tools and 
advanced microcomputer and graph- 
ic display capabilities. Finally, the 
d;tta wil l  be dissenii~iaied to the hat- 
tlclicld commaoders in  lime to in-
fluence their ilccisions. 

Standard digital terrain data ha-
ses, under tlevclopment. wil l  provide 
Lhc basis o f  tlic Army's land combat 
operalions mapping, charting, and 
geodesy (MCM;) requirements. 

The real-time rcmolcly sensed d;~t;~ 
wil l  he mcryed with terrain d i ~ t ; ~to 
enhance the standard d i ~ t a  bases. 
Knowlcdge bases arc hcing assem- 
bled which wil l  char;~ctcrize unique 
terrain features by processing ger- 
mane sensor record sign;~turcs. 
E;~ch feature signalure wil l  Ihavc gco- 
nietric fidelity to allow the l(~cations 
o f  militarily significant tc r r i~ in  fea- 
tures to hc idcntificd analytically, 
Hyperspectral (narrow band) and 
multispcctral (multiple band) nnaly- 
ses wi l l  he used to extract informa-
tion and monitor the pliysiall sur-
face conditions o f  ihc  battlefield. 

Several remote se~is i~ ig  lccli- 
niqucs are hcing tested at U.S. Ar -
my Corps o f  Engineers lahor;~to-
rics. E~iginecrs arc ilnalyzing and in- 
tcrprctinp pliysical aspc ls  o f  1crr;tin 
for various ;tpplications. 

Waterways Expcrimcnt Station 
(WES) personnel usc satellite im-
agery to ;~sscss n~(>hilily. They arc 
cl;~ssifyinp land cover to g;~tlicr inl'or- 
malion 011 m(~dcling parameters 
s ~ ~ c l ias surface rouglincss, slope,. . . .  
vegetation spacing, and v l s ~ b ~ l ~ l y .  



Engineer Topographic Lahora-
tories (ETL) personnel are analyz-
ing image patterns and spectral re-
flectance, luminescence, and radio-
metric measurements. Thesc tech-
niques are used to estimate cross-
country mobility, predict dust gcncr-
ation, discriminate targets and back-
grounds, and detect camouflage. 

Cold Regions Research and Engi-
neering Laboratory (CRREL) staff 
use multiband imaging systems to 
gather information on the surface 
conditions of snow, ice, and froren 
ground. Tlie inlormation i s  then 
used to assess mobility and traffic-
ability, evaluate mine emplacement, 
and locatewater supplies. 

I n  a study performed in conjunc-
tion with the Centcr of Remote Sen-
sing at ETL, I used dala obtained 
by remote means to predict tlie 
characteristics of selected desert ter-
rain features. The purpose of the 
study was lo estimi~tesuch rnilililrily 
significant surrace conditions as tral-
ficability and susceptibility to dust 
generation. 

The application was based on the 
assuniption that each feature of the 

earth's surface, such as a soil sur-
face, absorbs or rcflccts ihc radiant 
encrgy of the sun based on i ts  physi-
cal and chemical properties. Simi-
lar lo the analogy of thc uniqueness 
of the human fingerprint, i t  is be-
lieved that cvcrything in nature has 
its own uniquc distribution or ah-
sorbed and reflected radiahn. Mca-
surement of this reflected energy 
can be uscd to spectrally cvaluirtc 
the physical and chemical propcr-
ties of (lie soil. This measurement i s  
a critical step in determining oat-
ural terrain conditions. 

The soil characteristics respon-
sible for the physical condition of 
the desert terrain in tllr study area 
were identified. When compared 
with the soil properties that can he 
spectrally measured, the lollowing 
soil characteristics were similar: soil 
moisture, particle-size distribution, 
salinity and alkalinity of the soil, and 
clay-mineral composition. 

The analysis, which proved suc-
cessful, was performed to dctcrniinr 
i f  thcse soil propcrtics could be rc-
motcly dcteclcd undcr field condi-
tions. This provided an indication (,I 

the physical properties of the soil 
pertaining b) sucl~conditions as tral-
ficahility and dust susceptibility. Re-
sults indicate that rcmotc sensing 
can be uscd to gather information 
with greater protection for pcrson-
ncl and equipment while actually 
providing niucb morc i11forni:ltion 
than "that which niects thc cyc." 

Thc 21sl ccntury halllclicld corn-
mandcr wi l l  usc rcmolc sensing tcch-
niclutx extensively. Tl~csc teclini-
ques will providc topographic cn-
ginecring inrornii~tionon such mil-
it:~rilysignilic;~nt opcr;~lionsas traf-
f i c i i y  dust susceptibility, cross-
country movement, camoufls~gc,cov-
er and c<~ncc;~lment,selccti(m oI'air-
craR landing sites, and registration 
of inertial navigationsystems. 

Dr. M. MerliN SIerwrs i.s as.cigr~edlo 
rhc To/>ofir.u/~l!\: .S/~ucc, o~rtt C4 
Bror~clrof rlrc Dirr(:lortrrc o/' C(~rrrbn 
Dc~a/o/~rirerrl,s,U.S. Alri(y Err,qirreer 
School. Sl~e1tu.s a P1z.D. III,q~~Ii>gicol 
err,qirrerrirrg Jn)rr~ /Ire Urri~~(!r,siig~if 
Mi.s.sorrri-RoNir a r ~ drecc,rrrlv n:cei1'1!,1 
a ilireci coritriri.ssiorr 01 lire USAR us 
a 21C Toyopal~hicErr&'rrrreer. 
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