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MEMORANDUM FOR: Executive Secretary, United States
Intelligence Board

SUBJECT : Mapping, Charting and Geodesy Requirements
for Image Forming Satellites
USIB-D-46. 4/6 (COMIREX-D-15. 2/8)},
17 November 1967

1. 1 recognize the existence of a military requirement for
large-scale maps for operational purposes with the horizontal and
vertical accuracies as set forth in USIB-D-41, 14/295, 1 am not,
however, in a position to determine whether the area coverage
specified in the COMIREX paper is actnally necessary in the fore-
seeable future.

2. 1 concur, therefore, in the recommendations of COMIREX,
on the understanding that use of the HEXAGON for mapping, chart-
ing and geodesy purposes will be monitored to avoid any interference
with its primary intelligence mission, and subject to DoD) review to
ensure that the total area coverage specified, 6.7 million square
miles, iz in fact needed in the foreseeable future.

. R. J. SMITH
@ Acting CIA Member, USIB
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MEMORANDUM FOR CHAIRMAN, USIB

SUBJECT i Mapping, Charting and Geodesy Requirements for
Image Forming Satellites
REFERENCE : USIB-D-46.4/6, 17 November 1967, Limited
Distribution

1. All other USIB members have now concurred in the attached COMIREX
recommendations {see tab) on mapping and charting requirements in light of
acquisition and production costs involved, including the NRO studies sum-
marized in the attached memorandum from Dr. Flax (see tab).

2. The Acting CIA Member, however, concurred with certain reservations
as stated in the attached memorandum from Dr. R. J. Smith {see tab). A
copy of the CIA briefing note follows Dr. Smith's memorandum.

3. Request your action with respect to:

a. Approval of the COMIREX recommendations,

b. Concurrence in the reservations by the Acting CIA Member.

@

i i) oS Ay Ly

7, JAMES 5. LAY,JB/

, Executive Secrets
Approve: e
Para. 3.a. above \/

Para. 3.b. above

s d A 4 DEC19S7

Richard Helms Date
Chairman, USIB
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UNITED STATES INTELLIGENCE BOARD

MEMORANDUM FOR THE UNITED STATES INTELLIGENCE BOARD

SUBJECT : Mapping, Charting and Geodesy Requirements for
Image Forming Satellites

REFERENCES ©oa. USIB-D-41.14/294 {COMOR-D-13/63),
21 June 1966, Limited Distribution through
Restricted channels, and Memorandum for Helders,
8 July 1966, as approved by USIB on 14 July 1966
(see USIB-D-41. 14/296 (COMOR-D~13/66)
20 July 1966}

b, USIB-D-41.14/295 (COMOR-D~-13/65), 1L July 1966,
Limited Distribution through Restricted channels, as
approved by USIB on 14 July 1966 {see Memorandum
for Holders, 25 July 1966)

c. USIB«D-46.8/18, 12 October 1967, Limited Distribution
through Resgtricted channels

d, USIB-D-46,8/25 (COMIREX-D=-15.2/3), B November
1967, Limited Distribution threugh Restricted
channels

1. The attached memoranduwn on the subject from the Chairman,
Committee on Imagery Requirements and Exploitation (COMIREX), reporting
the results of that Commirtee's study of the letter [rom the I ector of the
NRO to the DCI in refevence d., is circulared for Board consideration of the

recommendations in paragraph & thereol,

HANDLE VIA BYEMAN
CONTROL SYSTEM

j GROUP 1
Excluded from outomatic
dewngreding and
declassification

r‘EWE) Fl h!’ﬂ E"‘\ E i FE F; EE:
ik

Approved for Biraiassifieths co5115812



C05115812

V USIB-D-46.4/6.
HANDLE VIA BYEMAN (COMIREX-D~15.2/6)
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Limited Distribution

USIE ACTION REQUESTED

2. Board Members are requested to advise the USIB Secretariat
not later than close of business Wednesday, 22 November, of theix

comecurrence in or other views on the recommendations in paragraph 6 of
the attached COMIREX memorandum.

- A LA g - .
JAMES 5, LAY, J
Executive Secretdr

Attachment
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MEMORANDUM FOR: The United States Intelligence Board

SUBJECT: Mapping, Charting and Geodesy Requirements
for Image~Forming Satellites

REFERENCES: a. USIBR-D~46,8/25 (COMIREX~D~15, 273},
8 November 1967, Limited Distribution

b, USIB-D-41.14/295 {COMOR~D~13/65),
11 July 1966, Limited Distribution
through restricted channels, as approved
by USIB on 14 July 1966 (See Memorandum
for Holders, 25 July 1966).

1. COMIREX has studied the letter of 4 Novernber 1967
from the Director of the NRO to the DCI, and its attachment, and as
requested by the DCI {reference a) provides a recommendation in
paragraph 6,

2, The review conducted by the COMIREX has included a
re~examination of the mapping and charting requirement {(reference b)
in the light of the acquisition and production ¢osts involved, There is a
priority need for data capable of providing accuracies for large scale
{1:50, 000} map production to support present and future military opera-~
tions., The critical requirement is to produce contours with a vertical
uncertainty no greater than 5 meters over l0-mile distances and no
greater than 10 meters over 20 miles. Enclosure 1 is {froma DOD
paper and explains graphically the sensitivity of weapon effectiveness
to vertical error. Army estimates of the operational benefits of
artillery effectiveness are translated in Enclosure 2 into illustrative,
hypothetical logistic and cost advantages for total military achievement,

2 BYE 458067
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In addition consideration was given to the gpecific cost implications of
each of the three options outlined by the NRQO for development of a new
camera system for mapping and charting purposes.

3. Enclosure 3 presents an unfuliilled requirement for
photography by new satellite systems for large~scale maps to cover
an area of 6, 700, 000 sguare miles,® most of which are in denied
areas. The enclosure also estimates a $400-500 million cost reduc~
tion in the acguisition of photography and the production of maps for
this area, and a shortening of the time span required for completion,
by roughly one third, through the use of new satellite systems in
contrast to conventional aerial systems, Most of the cost reduction
would be derived from the benefits of satellite acguisition but
approximately one quarter would be attributable to the map producs=
tion process.

4. An analysis was made of the cost advantage in
producing maps using photography from a l2=inch frame camera
over photography from a 3-inch frame camera in the HEXAGON
system, even though it was recognized that the 3~inch camera
would not provide the vertical accuracies desired. It was estimated
that the l2~-inch carmera would provide a coust advantage of about
$19, 000, 000 for the unfulfilled 6, 700, 000 square miles needing
coverage for large scale maps, and $9, 000, 000 for 20, 000, 000
squzre miles needing coverage for medium=-écale maps to be
produced after FY 1970,

5. COMIREX note st

a. That there is a priority need for about
5«10 meter contour accuracy for large-stale maps for
the support of effective military operations;

&The area figures used in this memorandum are cxpze:sed in square
statute miles as normally used within the MC&G commiunity. The
factor to convert to square nautical miles is 0, 755,
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b, That a camera system has been proposed
by NRO that ¢an meet the large-scale map accuracies;

C. That there is a continuing need for assessment
of the tasking and operationzal implications of the 12~inch focal
length 8I camera integrated with the HEXAGON, and that the
USIB should be kept advised of these implications so as to
insure the continuing primacy of the intelligence migsion
proposed for the HEXAGON.

6. It is recommended that the NRO be requested:

a. Te proceed, as a matter of priority, with the
proposed development of the 12~inch SI camera integrated with
the HEXAGON system.

b, Concurrently to keep the USIB informed of any
tasking or operational implicationg of such a gystem on the
primacy of the intelligence migsion for the HEXAGON,

3
e A
illiam A Tidwell
Chairman
Commitiee on Imagery Requirements and Exploitation
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Target Location Accuracy Reguirements

1. The critical large scale {1:50,000) map accuracy requirements
are based on the use of map derived dak for location of targets in direct support
of Army tube artillery, Target location accuracies essential in order to
agsure mission success with respect to minimum acceptable casualty levels
were determined in an in-depth and detailed study and analysés, the resulis
of which are stated in U.S. Army Combat Developrments Command report
"Combzet Commander's Information Needs (U)'" and which was approved by
Department of the Army as basic input inte Tactical Reconnaissance and

" Surveillance (TARS-75). Studies and analyses developed target location
accuracy requirements for all organic and projected weaponry of the field
Army as a function of the range and inherent system accuracy of each weapon.

2. The USACDC studies analyzed virtually every cannon and
missile weapons system to be employed by the field Army through 1975,
and in part through 1980 and beyond. The methodology utilized in this
anilysis was based on relating the reduction in target coverage {and there-
fore the reduction in weapon effectiveness) to target location error., This
reduction in coverage is in addition to that fractional coverage imposed by
the weapons systems errors. The reduction in coverage produced as a
function of target location error was defined ag significant when it jeopar~
dizes mission accomplishment. The criticality of reduction, of course,
is dependent in part on the mission objective, weapon system, type of
target and size of target. In some situations, even a five percent reduction
may significantly downgrade the probability of a unit accomplishing its mission,
whereas oly in rare cases would more than a fifteen percent reduction
be acceptable. As result of careful consideration of the various factors
affecting the criticality of mission success, it was determined that in
general coverage reductions greater than ten percent would be unaccept~
able. This variation of effectiveness (in terms of reduced probability of
mission accomplishment) and reduction in coverage is shown in Figure 1.
Using this critericn as a basis, computations were performed for each
weapons system cver a broad spectrum of ranges and target sizes, and
a maximum target location error for each major weapons system was

5 BYE«4580-67
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established, Location accuracy requirements were determined for each
weapon against several target sizes and the results combined into an overall
requirement, with the fact that some target types and sizes are engaged more
frequently than others accounted for with weighting factors. The following
target location accuracies are required to insure that the specified criterion

of no more than 10 percent reduction coverage will be realized for all targets
considered:

105 mm Howitzer » 17 meters CEP

156 mm Hovritzer M109 « 28 meters CEP
155 mm Howitzer XMI38 - 25 meters CEP
8 inch Howitzer = 25 meters CEP

175 mm Gun « 40 meters CEP

As a result of the Army-conducted investigations, a general value of location
error which will not reduce effectiveness beyond the minimum critical to
mission success for most of the field Army's weaponry was established as
25 meters (CEP). As will be shown below by example, degradation of the
target location accuracy beyond this requirement will contribute to loss in
weapons effectiveness and reduced probability of accomplishing mission
objectives, or the need for additional firing to achieve equivalent effective~-
ness. The 155 mm Howitzer, the most frequently employed as a direct
support weapon, is presented as a significant example for determining of

the effect of target location error on target coverage and, particularly,

to show sensitivity to the vertical component of target location error.
Figures 2 and 3 present graphs for a 155 mm Howitzer battery depicting

the percent reduction in target coverage on 100 and 200 meter radius
targets for three values of horizontal error over a range of vertical errors.
It can be seen that the TARS=7% reguirement satisfies the 10 percent
reduction in coverage criterion; however, degrading vertical error from
10m to 50m {90 percent assuraunce) corresponds to a coverage reduction

of 26 percent (Figure 2). The impact of location error can be further
demonstrated by the following example. As shown in Figure 4, to achieve
0, 90 probability of rendering an attacking enemy unit {platoen) ineffective
requires casualty level of 22 percent. With no location error, four battery
volleys must be fired, Location error corresponding to the TARS~75 require=~
ment drops the casualty level to about 20 percent {0. 91 x 22%, Figure 2) and

6 BYE 458067
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the probability of defeating the platoon drops to U, 80 {(Figure 4), This is
perhaps acceptable. If, however, vertical error is degraded to 50 meters
as above, the casualty level drops te 16, 3 percent aund the probability of
rendering the enemy ineffective falls to 0.44, In this event, the mission
is probably not accomplished and more volleys must be fired to achieve
the desired casualty level, This will reguire seven volleys or an increase
in ammunition expended of 75 percent.

4. In summary, degradation of artillery éffectiveness would
result from relaxing the accuracy requirements approved last year by the
USIB for designing a satellite system to provide photographic inputs for
Iarge~scale, tactical maps to support ground combat operations. The
marked sensitivity of weapon effectiveness to vertical error is particularly

noteworthy,

-B@MG-@-N‘-V ’ Handle via BYEMAN
& Control

Approved for Biraiassifieths co5115812



CO5115812

5 .
g
5,8 €
:i»o o =
NE-E: 1.0 8
w8 = K ! ! I - P
o b ® e © o m
o O 50 !
sYHERAE P 2 3
E n M Qw3 o tn > —
Ly g 2 g 3 « v O
Q m 2 P [$] ! =R
$50752 & o s iE
+3 awd *
<pL2rim ¢ m 23
o
fa—
®
g
5]
o 0,8
m
-
~
Ll
z w
bl
[~ 007
=
» 4LO% Desired Casualties
= (personnel in defense)
o 2. 30% Desgred Casualties
2 o6 (personnel in offense)
7 ~ 3. 20% Desired Casualties
< o {personnel in coffense)
5 2
:
ﬁ;’ 0.5 I 1 L
s 0 5% 10% 15%
Lo Reduction in Coverage (Fractional Ratio)
%
%0
mo

Reduced probability of effectiveness versus fractional
reduction in coverage.

Figure 1

. Approved for Relddaelass&fiiedos C05115812



C05115812

4 Target ares covered

Coverage Ratio = ¥ Target area covered with perfect location

Approved for RIGLASSIERLhs cos115812 re—
[an ia ¥ " % = a3 e v o Attacnment
Handle via RYREMAN A ‘r:\ A 4/e
Control i = Eak abaraner

(COMIREX-D-15.2/6) g
17 November 1967 b
Limited Distribution 2
Fuclosure 1 .

1,0

155-mm Howitzer Battery
Range - 11,000 Meters

Radius of Effects - 155 Meters
Target Radius « 100 Meters

TARS-7

3%%;

1, Horigontal Error = O M (CEP)
2. Horisontal Error = 25 M (CEP)
3, Horisontal Error = 50 M (CEP)

O.b & Note: 1. Curves computed for 90% assurance,

2., Effect of vertical error computsed
uaing a fall angle of 35 degrees,

0.3 i I £ i - 3
0 10 20 30 IpJ 50
Vertical Error - Meters (50% Assurance)
0 18,2 36,4 54,6 72,8 91.0

Vertical Error - Meters (90% Assurance)

Sensitivity of target coverage ratlo to increase in
vertical error for 100-meter radius rarget.

Figure 2 BYE-4580-67
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155«mm How., Bat,

Range - 1l Knms

Rad. of Eff. - 155 M

Tar. Rad., - 200 M

1.0

0.9 |

0.8 :\

07

0.6 L

CEP)
CEP)
3., Horizontal Error = 50 M (CEP)

0.5 1, Horizontal Error = O M {
¢ 2. Horizontal Error = 25 M {

Note: 1. Curves computed for Q0% assurance,

2, Effact of vertical error computed
Cob L using a fall angle of 35 degrees,

0“3 i 3 i 1 v
0 10 20 30 LO 50
Vertical Error - Meters (50% Assurance)
0 18.2 36,4 Bhob 72.8 91.0

Vertical Error - Meters (90% Assurance)

Sensitivity of target coverage ratioc to increase in
vertical error for 200-meter radius target.

Figure 3 BYE-4580-67
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Mapping Accuracy and Artillery Effectiveness

The Army, regarded as a weapons system, consists of people, means
for transport and communication, and firepower. To be effective the Army
must know, in considerable detail, the rature of the terrain over which it

operates. Topographic maps constitute the principal means of providing
this knowledge to the field commander,

While maps are important in planning operations and to answer the
questions "Where am 17", and "What is over the hill?'', highly accurate
maps are required primarily because of their importance as a component
in the firepower system of the Army.

During the past decade, a great deal of attention has been paid to
improving the effectiveness of artillery shells | to improving the reliability
and accuracy of artillery systems, and to developing computers, communica-
tion gear, and meteoroclogical measurement techniques which will permit
accurate coordination of fires from dispersed artillery pieces. Thus, we
should be able to bring upon targets, as they are identified, sufficient
artillery fire to neutralize those targets efficiently. At the same time,
much effort has been given to the development of target acguisition and
surveillance means to permit detection of enemy movements and identifi-~
cation of useful targets as they develop in the course of the battle,

The utility of all of these developments depends critically on the
availability of actcurate maps., Without them, the sophistication of other
elements of the overall weapons system becomes virtually useless, and
the artilleryman is reduced to using his weapons as a means of locating
the target with respect to the firing pieces. It was because of the lack of
precision in maps, the lack of accurate, rapid, range finding equipment,
and the lack of computer facilities to solve the ballistic problem in the
field that the technique of forward observer-controlled fire was developed,
This technigue demands the firing of a few "spotting rounds” into the
target area under the eyes of a forward observer simply to determine the
location of the target, 50 that multiple tube volleys may be delivered in what
is called "time-on-target” {ire.
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The effectiveness of time-on-target fire against personnel
depends critically on whether or not the enemy in the target area has
warning., Calculations by the Bullistic Research Laboratories, based
on experimental data for various target postures and various kinds of
artillery shell, indicated that, in general, the vulnerability of a target
may be reduced approximately ten {10) times if the target is warned of
incoming fire and the people in the target area have time to seek shelter
in foxholes. The system of using forward observers to control fire
provides that warning of necessity, If the available maps are not suffi-~
ciently good to permit exploitation of the fire control system to permit
precise delivery of effective first rounds against targets in known loca-
tions, then the ten-fold advantage of surprise is denied us.

Accurate maps also have a role in the control of artillery fires
where surprise cannot be exploited, In many situations it is important
to deliver artillery fire on enemy units close to our own troopé. Under
such circumstances, friendly units under attack will call for artillery
fire to be delivered as close to their positions as possible, even to the
extent of risking friendly casualties to assure effectiveness against the
attacking enemy. The closeness with which such fires can be called
down depends not only on the accuracy of the artillery system, but
also on the accuracy with which the relative positions of the artillery
piece and the friendly unit can be determined. In any case, a few tens
of meters are significant in such operations,.

When 105mm Howitzers are used against enemy troops at ranges
of a few kilometers, the number of rounds to produce a specified level
of casualties increases by approximately 25% if the current requirement
{or + 10-meter vertical target location accuracy is relaxed to + 40-meters,
Ammunition for Army 105mm Howitzers in South Vietnam is p;esently
issued at a rate of approximately 20 rounds per tube per day, resulting in
a 105mm ammunition cost of approximately $150 million per year. The
105mm Howitzer is normally employed for indirect, unobserved fire for
up to 80% of its targets. In possible 1970-75 coniflicts, up to half &f this
could be targetted [rom large scale tactical maps, with the balance being
used for harrassing and interdiction {ire. If maps of the required + 10~
meter vertical accuracy are available for locating targets for unchserved
105mm Howitzer {ire in such a future conflict of the present level of

13
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intensity, the increased effectiveness as compared with using maps
having ¥ 40-meter vertical accuracy, can be valued at approximately
$15 million per year.

The 155mm Howitzer is planned as the primary artillery weapon
for fire support at ranges of 10 to 20 kilometers through the mid-19701%s,
For 155mm Howitzer battery five against enemy troops in commpany=
sized cantonments at these ranges, calculationsshow that approximately
25% more rounds are required for the same target coverage if the
required 25-meter horizontal target location accuracy is relaxed to
50~meters. (It should be noted that because of a projectile’s relatively
flat vertical angle of approach to a target, the horizontal error is only
half as sensitive as the vertical. Changing from a 25-meter to a 50-meter
horizontal error is approximately equivalent to changing from a 12. 5-meter
to a 25-meter vertical error.) For thée current level of intensity in
Southeast Asia, 155mm Howitzer ammunition is beéing expended at a
rate of more than 30 rounds per tube per day, also representing a cost
of approximately $150 million per year. Thus, for this level of intensity
and again assuming 80% unobserved fire, half of which is targetted from
map data, the degradation in 155mm Howitzer effectiveness can also be
valued at approximately $15 million per year if the requirement for
horizontal target location accuracy is relaxed from 25-meters to 50-meters,

Over and above the dollar values cited, the advantage of surprise
against enemy troops which can accrue from accurate, unobserved fire
can be assigned a significant value in achieving the field commanders!t
objectives, Assuming that, en the average, half of the troops engaged
by such fire will be caught in vulnerable postures (standing, as opposed
to crouching in foxholes), the BRL data indicates a factor of five increased
effectiveness for all such engagements. If a significant percentage of
targets engaged are troops, say 50%, the overall effectiveness of a
dollar spent on ammunition would at least be doubled. To achieve
comparable levels of effect by increasing armmunition expenditures would
cost'$2~3 hundred million per year, for the example cited, The real
savings are more difficult to quantify - since they lie in shortening the
time required to "'win. " At Vietnameseexpenditure rates, these savings
are measured in billions of dollars per month., The cost of preparing
the data bank from which adequately accurate maps can be prepared
is less than one day's cost of the current war.
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ik Production Costs For Large Scale Maps

1. Cost comparisons for large scale map production using
conventional materials and satellite materials have been prepared by
the Department of Army and are documented in the Minutes of the
COMIREX Mapping, Charting and Geodesy Working Group meeting of
5 September 1967, These data, together with other parameters
identified below, have been used to develop the cost comparisons set
forth below for large scale maps,

2. Army used the unsatisfied JSOP requirement for large
scale maps (after deducting those areas having fair or better coverage
and work being done by other countries) as 10,400, 000 square railes
or 52,000 sheets {average 200 sg. mi, per sheet)., This 10 million
square miles should be further reduced to eliminate those areas:

(1) which have a high probability of cloud cover, (2} where production
is expected to be accomplished by the US and other cooperative
countries between now and the estimated date of availability of
materials from a new satellite system, i.e. FY 71, and (3) where
availability of conventional current aerial photography would preclude
collection by satellite systems. This reduction would result in a
remaining unfilled requirement potential for new satellite systems
mapping of 6, 700, 000 square miles or 33, 500 sheets,

3. Army has stated conventional large scale map pro~-
duction costs on a per sheet basis to be as follows:

Acquisition - 200 sq. mi., per sheet @ $57 per sq.
mi, for photography and ground control $11, 400

Production - 2200 manhours @ $7 per manhours 15, 400
$26, 800

Total based on 33, BOO sheets equals $904 million

4, large scale production using materials from a new
satellite system is estimated by Army, on a per sheet basis using

15

BYE~4580-67

e " Handle via BYEMAN
Control

-
A

«Approved for Binstagsifiewhs cos115812



CO05115812 Approved for Q&QL@%@%S 05115812

— o SECREFT—
Handle via BY. EMAN B S USIB -D-46.4 /6.
Control (COMIREX-D-~15,2/7)
17 Novemiber 1967
Limited Distribution
Enclosure 3

both the frame and panoramic photography as follows:
Production - 1500 manhours @ $7 per manhour $10, 500
Total based on 33, 500 sheets equals $352 million

In order to make this estimate more compatible with that for conventional
materials, acquisition and geodetic control strengtheéning costs must be
added. Preliminary estimates for systems development, integration and
proportionate launch costs would approximate $60 million, This considers
only a once~-over coverage concept, excluding considerations of further
improvements and repetitive coverage for currency of man-made features,
Geodetic control strengthening in those areas affording access would he
desirable to ensure accuracy over distances of 500 miles or more. This
effort is estimated at $20 million to support the once-over coverage con-
cept, Thus, costs for producing once-over coverage of the remaining
potention and probable large scale requirement area may be estimated
at $432 million. ' )
5. Costs for large scale map production using conventional
materials; if such could be acquired, compared to production using materials
from a new satellite system, would indicate a cost difference of $472 million.
By conventional methods, this production, assuming complete accessibility,
would reguire about 50 years. Using materials from a new satellite system,
it would be feasible to meet the 6, 7 million square mile deficiency in 10-15
years. While not affecting the cost comparison, recognition should be given
to the fact that the product resulting from satellite materials is completed
without access to the ground for important details pertaining to transporta-
tion and other factors, Beyond the costs cited in this statement there is a
field completion step when conventional photography is used on a comparative
basis with foreign countries.
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