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CAPABILITIES OF REMOTE SENSORS TO DETERMINE 
ENVIRONMENTAL INFORMATION FOR COMBAT 

INTRODUCTION 

Background. In recent years, advances in systems and analytical procedures 
have made the overall field of remote sensing more directly applicable to envir- 
onmental studies. The Army, facing the potential tark of conducting operations 
throughout the world, has a need for timely and accurate environmental information. 
However, before evaluating the application of new systems and techniques to mili¬ 
tary needs, two questions must be considered: (1) what aie the specific items of 
information required by the Army to make strategic decisions and to conduct tácti¬ 
ca operations, and (2) can these new remote sensing systems or procedures provide 
the required information in a more efficient manner than conventional techniques, 
or can they provide an alternate method when conventional techniques cannot be used? 

Purpose and Scope. This study determined to what extent remote sensing tech¬ 
niques could be used to obtain environmental information pertinent to Army re¬ 
quirements. The informational needs were limited to those specified in Army man¬ 
uals, and the remote sensing techniques were restricted to conventional interpre¬ 
tation procedures using available, off-the-shelf equipment. 

Application. The data have been cross-indexed, arranged in matrix format, 
and otherwise ordered so that required information pertaining to some defined prob¬ 
lem can be easily extracted and evaluated with reference to such questions as: what 
techniques are best suited to the task, and what levels of skill are involved? 
Since the majority of the factors pertain to general environmental information, the 
evaluations are as applicable to civilian interests as they are to military ones. 

PROCEDURE 

General. In the basic procedure, a list of information requirements was com¬ 
pared to a nst of remote sensors and image types representative of systems avail- 
ab e to the Army, and the relative utility of each system for obtaining the needed 

information was indicated. These information needs were to be defined by reference 
to current Army dcctrine. Accordingly, the Alphabetized Evaluation and the Cate¬ 
gorized Evaluation are the primary parts of this report, but their utilization re¬ 
quires an understanding of how they were developed and what their limitations are. 

Factors. The authors reviewed the manuals listed in table 1 to identify items 
of information stated to be required by the Army. This review resulted in multiple 
lists of items. The authors then provided additional items based on needs ex¬ 
pressed by implication in the manuals.* Those additional items give CRS (Center 
for Remote Sensing, ETL) as the reference. The lists contain redundancies. 

* For instance, although camouflage was referred to 
attendant information required for doing so were noi 
such as this were added by the authors..! 

the need to detect it and the 
stated. Therefore, items 
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Table 1. Army Manuals Used for Factor Identification 

Number Date Title 

FM 5-30 September 1967 Engineer Intelligence 
Route Reconnaissance and Classification 
Map Reading 
Combat Intelligence 
Military Geographic Intelligence - 
(Terrain) 
Aerial Surveillance and Reconnaissance - 
Field Army 
River Crossing Operations 
Transportation Intelligence 
Staff Officer's Field Manual - Staff 
Organization and Procedure 
Planning and Design of Roads, Airbases, 
and Heliports in the Field of Operations 
Pits and Quarries 
Geology 

FM 5-36 January 1970 
FM 21-26 January 1969 
FM 30-5 October 1973 
FM 30-10 March 19*2 

FM 30-20 April 1969 

FM 31-60 March 1972 
FM 55-8 March 1970 
FM 101-5 July 1972 

TO 5-330 September 1968 

TO 5-332 December 1967 
TO 5-545 August 1967 

cunbiguities, and entries inappropriate for consideration under the topic of remote 
sensing. Through a sequence of multiple reviews by the authors working as a 
group, the lists were initially reduced by elimination of explicit redundancies 
and inappropriate items, and they were consolidated into a single list of 1,600 
items. These 1,600 items are presented in the Alphabetized Listing. The list was 
further reduced to 500 items and then to the final 313 factors by eliminating im¬ 
plied redundancies and combining similar terms. An asterisk (*) is used to indi¬ 
cate deleted items, and the reason for deletion is given. The final list of fac¬ 
tors was categorized as shown in table 2, and the factors are so listed in the 
Categorized Listing. 

Table 2. Categories 

I. Natural Terrain Features II. Man-made Features 

1. Climate and Weather 
2. Surface Configuration 
3. Vegetation 
4. Hydrology 
5. Surface Materials 
6. Geology 

1. Transportation 
2. Telecommunications and 

Electric Power 
3. Built-up Areas 
4. Agriculture 
5. Hydraulic Structures 
6. Pollution 
7. Construction 

III. Applications IV. Military Aspects 

1. Construction Resources 
2; Site Selection 
3. Map and Chart Revision 
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In the Alphabetized Listing, the categories are identified by symbol as well 
as by title. For instance, II.2 is major category II, Man-made Features, and minor 
category 2, Telecommunications and Electric Power. These symbols are used for 
reference purposes throughout the report. Except for Site Selection and Map and 
Chart Revision, the various categories contain numerous factors. It is felt that 
these two categories axe sufficiently descriptive in themselves. 

During the work, confusion sometimes resulted because of imprecise defini¬ 
tions in the manuals and because the military terminology sometimes conflicted with 
scientific usage of the same or similar terms. This led to redundancies and in¬ 
consistencies in the various listings. Although many such errors were recognized 
and eliminated as the work progressed, some undoubtedly remain. 

Sensors. The remote sensor imagery types evaluated with respect to the factor 
listings include LANDSAT (ERTS), radar, thermal infrared, low-level oblique aerial 
photography, standard photo index sheets, and stereo black-and-white vertical aer¬ 
ial photography at scales of 1:100,000 and 1:20,000. The imagery types were se¬ 
lected as being representative of the materials most likely available to field 
personnel, and they appear as column headings on each page of the Alphabetized and 
Categorized Evaluations. 

The LANDSAT (ERTS) category includes equivalent satellite imagery of scanline 
generation. LANDSAT (ERTS) has the advantage of recording a number of intensity 
levels on each of four spectral bands so that, in addition-to normal imagery inter¬ 
pretation procedures, one can employ channel mixing, computer display, and statis¬ 
tical analysis methods. In this study, however, evaluation assumes conventional 
procedures applied to black-and-white prints of each band, plus a color composite. 

Reflected return of radio waves, or radar, can be recorded as a range or dis¬ 
tance value, displayed as an image, or analyzed statistically for phase and inten¬ 
sity information. In this study, radar means SLAR (Side-Looking Airborne Radar'/ 
images. Radar systems commonly provide imagery in the scale range of 1:250,000 to 
1:1,000,000, which is excellent for regional coverage. 

Infrared thermal sensing techniques primarily record energy that is largely 
dependent on surface temperature. Thus, the signal can be influenced by subtle 
heat transfer processes, such as air movement and back radiation. Thermal scanners 
may operate in a quantitative or nonquantitative mode, depending on whether or not 
the incoming radiant energy is compared to a known, internal source in the scanner. 
The grey tones in the image from a nonquantitative scanner cannot be compared on 
an absolute basis in différant parts of the image; whereas, those in a quantitative 
scanner can be compared to identify areas of similar radiance. Recording of the 
image may be done either in analog (film or magnetic tape) or digital form. Unless 
indicated otherwise, infrared thermal refers to nighttime imagery with a detector 
operating in the 8 to 14 micron band at altitudes in the nominal range of 1,000 to 
5,000 feet (305 to 1,524 meters). 

Nonstereo, low-level oblique photographs can often provide information about 
natural and cultural feat ires beyond the capability of conventional stereo vertical 

photography and can provide assistance in making the transition in visualization 
from vertical photos to terrestrial observation. 

. < 
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Much existing stereo vertical photography is available in the form of photo 
index sheets. In the United States the sheets are at a scale of 1:62,500 (1 inch 
= 1 mile, or 1 cm = 1.6 km).* Mosaics are excellent for obtaining regional infor¬ 
mation for analysis of areas of operations, site selection studies, and selections 

of avenues of approach. 

Stereo vertical imagery at a scale of 1:100,000 is representative of small- 
scale imagery in general. Although the scale is marginal for many specific detec¬ 
tion tasks, general regional terrain information can be obtained. 

From the standpoint of geology, vegetation, soils, land use, and archaeology, 
panchromatic stereo vertical imagery at a 1:20,000 scale is most useful. Some 
studies in archaeology and vegetation benefit from larger scales, but for general 
use, a 1:20,000 scale is usually more than adequate. Any factor that can be ob¬ 
tained from black-and-white panchromatic imagery can also be obtained from color 
photography. However, consideration here is limited specifically to black-and- 
white panchromatic vertical aerial photography. 

The column labeled Other in the Alphabetized and Categorized Evaluations indi¬ 
cates where other sensors or techniques are applicable. These sensors include 
color, false color (including color infrared), multiband, multichannel scanners, 
microwave thermal, monocycle radar, scatterometry, radiosonde, laser profilometer, 
magnetometry, atmospheric samplers, short-time-lapse photography, and others. 

For any remote sensing technique, there are limitations of a practical, self- 
evident nature, such as scale, 1.. ne of sight, and angle of view. Obviously, with 
larger scale imagery or better edge contrast/resolution, smaller details are more 
easily detected and identified. Scale restrictions are applicable to all factors 
evaluated in this study, and therefore were not specifically mentioned as a limi¬ 
tation for each factor within the evaluation. 

For some detection problems, stereo imagery may be of little r.se, but for de¬ 
termining terrain composition and conditions, it is invaluable. Vertical exaggera¬ 
tion is a strong asset when dealing with subtle, small scale changes in relief, 
which are often crucial in identification of terrain features. Panchromatic, 
color, color infrared photography, and thermal infrared and radar imagery can be 
flown to obtain stereo, but often it is not so obtained. This consideration in¬ 

fluenced the sensor evaluations. 

T.:valuations. The main result of this work is the evaluations presented alpha¬ 
betically and categorically. The first fou:- columns of the Alphabetized Evaluation 
are a repeat of the Alphabetized Listing minus the eliminated factors. The last 
column contains comments on the applicability and on the limitations of the sensors 
for the listed factor. The intervening columns are the actual evaluations. The 
Categorized Evaluation is similar except that the first three columns are from the 
Categorized Listing. The last page of the Alphabetized Evaluation is a list of 
factors added on the basis of the findings presented in the appendix, ihese added 

factors do not appear in the Categorized Evaluation. 

* They are available from serial Photography Field Office, Salt Lake City, Utah, 

and National Archives and Record Serviö^v Washington, DC. 

__ 75 
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^•%£:ís™~2£ 
and equipment are not generally available to the fîëïd™ee“ ^ teCh"iques 

diftei;tc«.::rîv:ii2of“.'^ ::t: sr,r ^ 
ceduree. Table 3 briefl, defje - 

Table 3. Methods of Evaluation 

Method Symbol 
_ Procedure | Comments 

Direct d Direct observation or 
detection of objects, 
shapes, patterns, ar¬ 
rangements, color 
changes, etc. 

In general, these two 
methods require less 

training. The development 
of keys and automatic rec- 
nition equipment, etc., 
will be of direct aid here.. Measurement m Determination of dimen¬ 

sions (width, length, 
height), area, slope, 

gradient, brightness, 
color, temperature, 
orientation, etc. 

Inferential i Inductive and deductive 
reasoning from associ¬ 
ated clues and conver¬ 
gent lines of evidence 
to derive information 
not directly apparent 
in the imagery. Esti- 
mate, predict, etc._ 

This method requires more 
ability, training, and 

knowledge. The development 
of computer procedures 
(most probable match for 
stated parameters, logic 
trees, etc.) will be of 
direct aid here. 

--—uxtett ana measurement methods, you are aenpraiit, 
mg systems and equipment. When evaluating inferential generally evaluat- 
evaluating personnel. ¿uating inferential methods, you are generally 

the'oattern'rêlated ^to".^1 V »' »hether or not the factor, or 
ne pattern related to the factor, can be seen by direct viewing of the imaoe 

considered^heref0re by eaCh °f these ”ethods ^ each sensor image type 

„ 8< 
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Within each of these methods of obtaining information, each factor is evalu¬ 

ated as to the level of success that could be reasonably expected from the given 
sensor/factor combination. Four levels are used, ranging from lack of applica¬ 
bility to practical success. Table 4 defines the symbolization used in this eval¬ 

uation . 

Table 4. Factor/Sensor Success Levels 

Symbol Definition 

+ Denotes that vithin practical limitations the indicated 
' remote sensing technique is applicable to the indicated 

factor. 

L Denotes limitations. The task can, end has been done, 
but there are situations or conditions where negative 
results can be obtained or where less informatior« can 

be derived than with another sensor. 

? Denotes uncertainty. There is a basis for possibility, 
but whether this sensor is applicable in a practical 

sense or not is unknown. 

0 Denotes lack of applicability, or that nothing can be 
done with the indicated factor/sensor combination. 

After making these evaluations, it was determined that even though one factor/ 
sensor evaluation might be as successful as another, the success in evaluating that 
item of information is highly dependent upon the skill of the individual making the 
evaluation. For this reason, a column labeled Skill Level was added to the matrix 
format. Table 5 defines the symbolization used in analysis of the skill level 

Table 5. Skill Levels 

Symbol Definition 

1 This indicates that the minimum level of training, 2- or 
4-week school, for example, plus a few days experience, 

should be sufficient to meet these needs. 

2 In addition to the above, this level requires considerable 
knowledge about a specialty (bridges, road classification, 
soil, geology, vegetation, etc.) as well as enough experi¬ 
ence to make the analyst feel relatively confident. 

it 

This level requires an unusual depth of knowledge about a 
specialty, or a working knowledge of several specialties, 
plus considerable working experience. In some cases, 
would suggest the need for ^multidisciplinary team. 

95 
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required to obtain each item of information. This is a general evaluation of the 
factor itself, and even though background may influence the ability of the user to 
get that piece of information from the various imagery forms, thiu is not taken 
into consideration. Skill level, therefore, refers to the factor only and not to 
the factor/sensor combination. 

It cannot be overemphasized that the evaluations of factor/sensor combinations 
reoresent opinions, not incontestable certainties. These opinions are strongly 
influenced by the training and experience of those involved in preparing the evalu¬ 
ations, which in this case are dominated by the earth sciences and related engi¬ 
neering and physical sciences. More reliable opinions are in the areas of natural 
terrain features rather than man-made features or military aspects. Further, 
these opinions refer to conventional procedures - i.e. direct observation of the 
imagery with or without a hand lens or stereoscope - and on this basis they could 
be construed as broadiy defining a realistic, practical level of competency for ob¬ 
taining terrain information via remore imaging systems. 

For some of the factor/sensor cells, there is little or no hope of improvement 
from research efforts. For others, a definite gain can be made through research. 
Areas for future research can be determined from the alphabetized and categorized 
evaluations and would include factors evaluated as either questionable or limited. 
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Channel, length 30-10, p 3-19 1.4 changed to waterways, layout and waterways, description 
55-8, p C-2 
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Construction resources, stockpiled materialI 30-10, p 8-15 I III.1 I changed to stockpiled material 
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pattern 30-10, p 3-16 1.4 annular, dendritic, parallel, radial, rectangular 
treílla; Internal, Interrupted, etc. 
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Earthwork I 5-30, p 15 I II.7 I changed to earthwork requirements 
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Fords, military load classification 30-10, p 5-21 II.1 included in fords, description 
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River crossings ! 5-330, p 3-3 I II.l I see specific transportation type 
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Rock, bed, thickness 5-545, p 72 1.6 included in rock thickness 
30-10, p 3-14 
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Rock, relative age 5-545, p 72 1.6 in terms of the law of superposition, as intended here 
included in rock layering 
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Rock structure 5-545, p 77 1.6 see specific item, fractures or foldi- 
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Rock, suitability for untreated surfacing 30-10, p 3-14 III.l I Included in rock, use suitability 
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30-10, p 3-8 I 1.6 I Included in landforms, specific type 
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maintenance and repair require- I 30-10, p 5-34 I II.1 I included in waterways, description 



•o 
«
 

T> 
9
 

Ü
 

c- 

4J a 
•h 

0
0 u

 
a
 
u
 
•
 

<0 
«

 
3 *0 

U
 

u
 

«o 
a» 
•o 

•o 
a> 
•o 
3
 

•M 
O
 
C 

u
 

o a 
(0

 
C (0 
Vi 
4
J

 

u
 

a» o. 

<
 

v: 

u
 

0
) 

A
i 

fO 
V 
•H

 
3
 

4-1 
O
 
O
 

^
 

A4 a 
•o c *o 
« 

c CO 
M
 

oo c 
•H 

O
 

x: «h 
A

i 
e 

o
 

(0 
a» 

a> 
« 

e 
«a 

A
i 

n
 

co 
o M 

js 
o 

A
i 

a. 
« 

a» 
«o 

T3 
>> 
« 

^ 2 
(0 

«
 

A
i 

x: 
*d 

A
i 

3
 

T) 
•H
 

C
 

3
 

ë
 

*
 

<0 

•o 
a> 
T3 3 
^4 
O
 
c
 

a
 

a> 
T3 

A4 
(V 

T3 
I
 

T3 
3
 

O
 
c
 

M
 
«
 

«
 

U
 

c
 
3
 

2
 
U
 

T3 

g
 

C 4» 
•O 

O
 
3
 

(0
 

4) 
O
 

"O 
0
0

 
^
 
c
 

(0 
*H 

3
 
C
 

C 
« 

§ I 
z
 

3
 
O
 

>> 
«
 

>s 
«
 

c Oí 
A

i 
C8 

*3 
a> 
•3 
3
 

*-4 
u
 
c
 

4> 
•3 

M
 

3
 

2 4) 
A

i 
3
 

3
 

*3 
3
 

*3 
3
 

*•4 
Ü
 

C 

3
 
>s 

3
 
3
 

S 
2
 

> 
3 
A

i 
•« 

3
 

a> 
3 

o
 
> t) 3 
'■ *3 
3
 
3
 

&7Î 
A

i 
0

 

^
 

f-4
 

3
 
3
 

3
 

3
 

II 
•A

4 
0

 
O *H 
3
 

>
s

 
Ü
 
3
 

S 
2 

Jí 
3

 
3
 

A
i 

* 
S
 

a. 3
 

a
 i 
m
 

o. 

i 
^
 

m
 

• u 
a
 a

 

^
 

<n 
to 

«n 
m
 

m
 

I 
I 

CM 
I 

m
 

m
 

i 
»n 

ü
 

o. 
o. 

a
 

a
 

m
 

r-> i 
m
 

CL 
i 
o
 

C
L

 

3
 I 
<î 

m
 

i U
 

C
L
 
a
 

r> 
m
 

^
 

m
 
m
 

rn 
i 

i ^
 

i 
m
 

*n 
i 

^
 

U
 

a
 

a
 

a
 

a
 

o
 

c> 

• 
• 

• 
0
*
0
*
0

 
1-4 

0
0
 

*-4
 

0
0
 

^-4
 

t
i
 

t
i
 

i 
o
 »A 

O
 ^
 

O
 

en m
 
m
 m
 

po 

«
 

*
 

«
 

0
*
0
 

o
 

r-4
 

0
0
 

«
-4
 

*-4
 

I
I
 
I
*

 
Ó
 •' » 

o
 

o
 

po 
m
 

en 

*
 

O
 

*
 

0
0
 

»
-4
 

0
0

 
I 

I 
I 

m
 

©
 

»n 
m
 

en 
‘O 

0
*
0
 
0
*
0

 
f-4
 
0
0
 

*-4
 

*-4
 

0
0
 

*-4
 

l
i
 

i 
i 

« 
J 

o
 m
 

o
 
o
 m
 

o
 

en m
 

<n 
en m
 

en 

3
 

A4 
•*4

 
3
 

a* 
3
 

A
4 

•» I 
4' 
a 3

 
A

4 

•3 
r* 
3
 

3
 

U
 
0
 
3
 
0
 
3
 

A
i 

0
 

0
0

 
•H 

0
 

3 i
 

» 
3
 

3
 

A
4 

SnTJ 
3
 

2 - 
3
 
Ai 

Ai 
0
 

3
 
3
 

3
 
6
 

a
 

2 A
4 

3
 

A
4 
O
 

*
 

3
 

2 3 
3
 

ï
 
&
 

3
 

A
i 

*
 

(0 
0
 
O
 

3
 

N
 

•H 

g 00 
A

4 
O
 

A
4 
O
 
a
 

en 0 3 
A

4 

A
4 
O
 

3
 

• 

2 3
 

*
 

1
3
0
<
 

o
 A

4 
A

i 

3
 

2 3 3
 

*
 

3
 

3
 

A
i 
3
 

5
 

*
 

tunnel., ve..el movement method 55-8, p C-3 II.1 towed, poled, pushed, .elf-,.ropelled; N/A 
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Climate and Weather 



CATEGORY: Surface configuration 
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CATEGORY SYMBOL: 1-3 
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APPLICATION TO SELECTED PROBLEMS 

Stv. 

r 

I 

In order to illustrate some applications of this report, four military prob* 
lems were chosen for evaluation. These were (1) Cover and Concealment, (2) Cross- 
Country Movement, (3) Lines of Ccmnunication, and (4) River Crossing Operations. 
Each problem section contains three parts: (1) a list of information needs re¬ 
quired by the problem, (2) a remote sensor evaluation, and (3) a skill level eval¬ 
uation. The information needs, or problem factors, were taken from military man¬ 
uals associated with the problem and from ETL personnel. To the right of the 
problem factor column is a listing of evaluation factors, taken from the Categor¬ 
ized Evaluation of this report, which are deemed to meet the needs cited in the 
problem factor column. When it was not possible to find 2m evaluation factor to 
match the problem factor, it is so stated in the column. 

The tabul2u: information of each problem section is also presented in chart 
form. One chart shot» the remote sensor versus information factor evaluation, and 
another shows the relation between skill level of the analyst and information re¬ 
quirements. In these charts, the symbols L and + have been expanded to three 
levels to show a finer representation of capability. The symbol L denotes limita¬ 
tions, and at the LI level, these are severe. The symbols L2 and L3 indicate a 
decreasing order of severity. The symbol + denotes that, within practical limits, 
the indicated remote sensing technique is applicable to the indicated information 
factor, and a +3 signifies that, in general, more information can be practically 
derived than can be done at a +2 level. The symbols ? and 0 stand for uncertainty 
and lack of appliceüsility, respectively (refer to table 4). Within the report, 
these symbols refer to conventional manual analysis procedures only. The symbol 
*, which appears in the right column for some factors, indicates a potential for 
practical gain in capability through field emd laboratory research. With refer¬ 
ence to skill levels, the number 1 indicates that a minimum level of training is 
needed by the analyst, 2 Indicates that in addition to minimum schooling the ana¬ 
lyst requires considerable knowledge about a specialty, amd 3 indicates the need 
for a considerable depth of knowledge, or a working knowledge about several spe¬ 
cialties or disciplines. Refer to table 5 for complete definitions of the skill 

levels. 





COVER AND CONCEALMENT: 1:20,000 Stereo 

Factors from problem matrix 

Crown diameter 
Stem diameter 
Height of plant 
Plant spacing 
Canopy closure 

Remote sensor evaluation 

0 1 U L2 L3 +1 4-2 +3 

Microrelief, surface irregularities 
Obstacles to movement, artificial 
Obstacles to movement, natural 
Soil classification, major 
Slope_ 

Research 
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Factors from problem matrix 
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Height of plant 
Plant spacing 
Crown diameter 
Canopy closure 
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CROSS-COUNTRY MOVEMENT: 1:20,000 Stereo 

Remote sensor evaluation 

Factor from problem matrix 
1.1 L2 L3 +1 +2 +3 Research 

Stem characteristics 

Tree spacing 

Vegetation, general type_ 

Microrelief, mean face angle 

Microrelief, mean height 

Microrelief, mean spacing 

Microrelief, feature type 

Trafficability, terrain group and 

class of soil 

Slope 

Cuts (2. 5m <.CI) 

Fills (£ 5m4 Cl) 

Embankments (2.5m<CI) 

Soil classification, major 

Escarpments (£5m£CI) 

Landforms, general 

Landforms, specific__ 
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Skill level 

Factor from problem matrix 

Tree spacing 

Vegetation, general type 

Stem chararceristics_ 

Microrelief, feature type 

Microrelief, mean spacing 

Microrelief, mean height 

Microrelief, mean face angle 

Embankments (£5m4.CI) 

Escarpments (E. 5m CCI) 

Cuts (£.5m4CI) 

Fills ( £ 5m 4Cl) 
Slope 

Landforms, general 

Landforms, specific 

Soil classification, major 

Trafficability, terrain group and 

class of soil __ 
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LINES OF COMMUNICATION: 1:20,000 Stereo 

Remote sensor evaluation 

Factors from problem matrix 

_ 0 ? LI L2 L3 +1 +2 +3 Research 

Aerial cableways, description 

Aerial cableways, detection 
• • *. * • •• 

• * ( .* * * , \ • .--.1-.-.-.1 
Bridges, pier characteristics 

Bridges, abutment characteristics 

Bridges, bypasses 

Bridges, condition 

Bridges, classification 

Bridges, structure type 

Bridges, dimensions 

Bridges, use type 

Bridges, obstacle crossed 

Bridges, detection_ 

.* •* • 

*. *. ♦ # • ■t -. ; • • • • 
• • • • • • • . . • . • # . ‘ ‘ 
*, •* ; /, , •. *. • **.* .* 

: • • • ! *• * * * 

*. • \ V. 
,* *./ V •* * * * . * 

# * • * *. * 

Culverts, detection * * * 

Ferries, description 

Ferries, detection 

Ferries, bvnass conditions 

.* .* .* • * • * 
• • • • • • • • • • . . . 

l • # • ; • 

Fords, seasonal variation 

Fords, bottom characteristics 

Fords, detection 

Fords, description 

Fords, bypass conditions 

• • • 

r* • 

, , 

* .* , • 
Railways, grade 

Storage facilities, capacity 

Railways, description 

Storage facilities, type 

Railways, layout 

Railways, detection_ 

*/ * .* 

*. ; • • • . 
• • • * * ‘ • • • . . . • • • 

• - • • .- ■ ■ ■ th 
Roads, characteristics . • t 

// ** • • • '. 

Roads, classification 

Roads, grade 

Roads, layout 

.. • • • * « 

*,*, »• 

Tunnels, characteristics . . • 

Tunnels, detection *. * .* 

Tunnels, bypass conditions 

235< 



LINES OF COMMUNICATION: 1:20,000 Stereo 

Factors from problem matrix 

Skill level 

12 3 

Aerial cableways, detection 
Aerial cableways, description 
Bridges, pier characteristics 
Bridges, abutment characteristics 
Bridges, bypasses 
Bridges, condition 
Bridges, classification 
Bridges, structure type 
Bridges, dimensions 
Bridges, use type 
Bridges, obstacle crossed 
Bridges, detection 
Culverts, detection 
Ferries, description 
Ferries, detection 
lerries. bypass conditions 
Fords, seasonal variation 
Fords,ibypass conditions 
Fords, detection 
Fords, description 
Fords, bottom characteristics ~T 

Railways, layout 

Storage facilities, type 
Railways, detection 
Storage facilities, capacity 
Railways, grade 

Railways, description_ 
Roads, layout 
Roads, characteristics 
Roads, grade 
Roads, classification_ 
Tunnels, detection 
Tunnels, characteristics 
Tunnels, bypass conditions 
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Problem: River Crossing 
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RIVER CROSSING: 1:20,000 Stereo 

Factors from problem matrix 

Currents ™ 
River depth 
Conditions of riverbed 
Bank slope 
Bank height 
Bank condition 
Ice conditions, thickness 
River width 
Effects of storms, instability 
Effects of storms,, flooding 
Potential for flow change 
Crossing sites, bridges, use type 
General fordabllity, vehicles 
General fordabllity, troops 
Ice, detection 
Bank composition 
Crossing sites, fords, detection 
Crossing sites, fords, description 
Crossing sites, fords, approaches 
Ice conditions, general description 
Crossing sites, bridges, detection 
Flood conditions, extent 
Flood conditions, characteristics 
Road capacity 
Road surface 
Trafficability 
Trafficability, terrain group and 

class of soil 
Road widths 

Positions j'or observation posts 
Fields of fire 

Positions for combat service support 
Positions for radar sites 
Helicopter and airplane landing 
Low altitude route of approach 
Concealment near crossing site 
Cover near crossing site 
Road nets beyond projected bridgehead 
Rail nets beyond projected bridgehead 
Rail nets to and from site 
Road nets and approaches 
Avenue of approach to objective 
Avenue of approach to river 
Areas for dispersal 
Areas for assembly_ 
Obstacles, artificial ~ 
Obstacles, natural 

Remote Sensor Evaluation 

0 LI L2 L3 +1 +2 +3 
Research 
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RIVER CROSSING: 1:20,000 Stereo 

Factors from problem matrix 

Factors influencing use of chemicals, 
etc. 

Effects of wind, etc., on smoke, etc. 
Visibility 

Effects of precipitation on soil 
trafficabiltty 

Effects of precipitation on river 
conditions 

Remote sensor evaluation 

— —— —LA L3 +1 +2 +3 Research 

Local resources, cableways, ' 
description 

Local resources, boats, barges, and 
ferries 

Local resources, lumber 

Local resources, structural steel 

Local resources, cableways, detection 
Local resources, manufacturing plants 
Local resources, timber 

Local resources, stockpiled material 
Local resources, sand and gravel 
Local resources, extractive product 
Local resources, extractive industry, 
detection 

LI 

æL 

242< 

240 

W
e
a
t
h
e
r
 

I 
L
o
c
a
l
 
R
e
s
o
u
r
c
e
s
 



RIVER CROSSING: 1:20,000 Stereo 

Factors from problem matrix Skill level 

Crossing sites, bridges, detection 
River width 
Floo<' conditions, extent 
Ice conditions, general description 
Crossing sites, fords, approaches 
Crossing sites, fords, description 
Crossing sites, fords, detection 
Bank composition 
Ice, detection 
General fordability, troops 
General fordability, vehicles 
Crossing site, bridges, use type 
Ice conditions, thickness 
Bank condition 
Bank height 
Bank slope 
River depth 
Currents 
Flood conditions, characteristics 
Potential for flow change 
Effects of storms, flooding 
Effects of storms, instability 
Conditions of riverbed 
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Road nets and approaches 
Rail nets to and from sites 
Rail nets beyond projected bridgehead 
Road nets beyond projected bridgehead 

Areas for assembly 
Areas for dispersal 
Cover near crossing site 
Concealment near crossing site 
Low altitude route of approach 
Helicopter and airplane landing 
Positions for radat sites 
Positions for combat service support 
Fields of fire 
Positions for observation posts 
road widths 
Road surface 
Avenues of approach to river 
Avenues of approach to objective 
Traificability, teirain group and 

class of soil 
Trafficability 
Road capacity 
Obstacles, natural 
Obstacles, artificial _ 
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RIVER CROSSING: 1:20,000 Stereo 

Skill level 

Factors from problem matrix 

Visibility 
Effects of wind, etc., on smoke, etc. 
Factors influencing use of chemicals, etc. 
Effects of precipitation on river conditions 
Effects of precipitation on soil trafficability 
Local resources, extractive industry, detection 
Local resources, extractive product 
Local resources, stockpiled material 
Local resources, timber 
Local resources, manufacturing plants 
Local resources, cableways, detection 
Local resources, cableways, description 
Local resources, structural steel 
Local resources, lumber 
Local resources, boats, barges, and ferries 
Local resources, sand and gravel_ 
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