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··Li~·itedDis.tr.ibuti6.n 

United;States ,1~tellig.encegoard.· 

. :'MapPing,Cha~1;i~g,a~d Geodesy :R~quirernents 
for Imag~ Forr.p.ingSatelli~~·s . 

:, ... ,: . . '.{ " ,' ..... ": -

. -. "~: 
1. Mapping, charting, ctnd ·geodesydisciplincs., are.. curr'ently' 

being revolutioniz.edasa result of:. . . .. ', . 

. A.. IncreasingU. S>Need~ for ~appingi.· 
charting, and geodetic informationins.upport of ' .. ' 
both existing and new weapons s.Yf:item" a:ndother 
changing nationaLrequirements ~ -

b.o The receipt of large quantitie.s of 
data from. the DAFF,KH-4, andKH-7 satellite 
programs that can be appliedagairist:these 
increasing requirements . 

. c. The potential for achieving a 
significantly ;improved wOt'ld-wide'~geodetic:;'eon~rol 
system by use of overt geodetic satellite ·programs 
in combination With the material produceo by covert 
programs. 

d. Technological advances:.\wch achieved 
e,.,pandedproduction capability in the:'use'of data 
derived Irom s.atellite programs'. 

e. Substantiallyc omplete coverage: of' 
the Sino .. Soviet bloc and approximately 9.4 mi:llion 
sq\lare miles outside this' area that has been optained 
by pTcsent panoramicsateUite collection programs. 
(Altho'.lgh this cove'rage is very useful in the production 
of n\aps and charts, it docs not meet all mapping and 
charting accuracy requi~:Cments).. ./ 
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Requirements 

A tt.s:hro.~n.t 
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(COMOR-U ... 13/"(5) 
11 J.u1y 1966 
Lindted .l),i.strib~tio.n 

2.. Agains,i thl$background' 01 b9th ext,ensive a~d,. cg.ang.ing~ 
needs an-cithe £a·ct that webav.~ a~q~ir~d and expect to:, a,c~~i,~,~ la:r-g.e, 
volumeso£d:ata,.u~cful in rne~;ting ro.il:ny of ou*antj:,o'ipat~dt ~eq\li~em.e1.)..~~? 
it is necess.ary to set forth a. new'statetnent of cur'rent, C).nq.; tut.\l.re . 
requirements for mapping, c:harting, and-geodesy to 1)~ fulf~ll:ed by 
covert satellitecoUection aystems. The&,ere~uirem.ents which ~elate 
dIrectly to U. S, needs i"sqf~u' as th~y caY.l b~, pre~icte<i. th:~Qugb 1972", 
fall int.o two class·es as £oHgw·s: . .' .. 

a.. . <Global G¢odeticllequire~ents. Long 
rangemiss.tlc· sysierrts th.at wnlD'e>add~d to OUX 

inventory requ'ire that ta,rg-eta. be accurately positioned 
world-wid.e tQ 450 feet on thehqri~Qntal with 9()p~r 
cen~ a.s·SUl"ance relative t<)the Wo.rld·a~od~ti.c Sys;t~;rn.~ 
In the Slno--Soviet blo~ this.mustP~ ac~o~pl;"sl):edby i 97:C)· .. 
Furthermore, .sip.cethcse' missile~.wiliem.ploylow-
angle re-e,ntry wa~heads, target ele"ations thrQughout 
the SinQ-Soviet bloc must be accurate to 300 feet wi.th 
90 per cent assurance, again relative to theWo.rld 
GeOdetic System. It iscuriently. estimateq that qata· 
derived frotnDAFF materia,ls, which cover 44 Inillion, 
square miles ·o,fthe56milHo.n 'required, wheh integ.r:ated 
with exi~ting g.eodetk mea~urements WUipl'Q.vide geod~tic 
accuracy to within 150deetby 1968. It is further 
estimated that by 1970, r~!inedhoriz()nt~l a,~cuJ-a.~ie~. of 
450 feet and verticalaccutaciE!'$o'£ 300!ee~ will p.to~~bly 
be achieved but cannot be aS$ured, The:se.acc'ur:a<;1.~s: 
will accrue through m.athematical refineme·rit. comhiJling 
the covert DAFF pr.oduct.s with applicable data from. 
overt U. S. geodetic satellite programs, with the wOJ':14 
primary triangulation ne·two~k, .and the five year gt~;\fity 
pla.n~ plu.s necessary filling in of gaps in DAFF cove;age 
by br:dgi.ng llhotography from existing covert system·s 
(such as the freewheeling stellar index came1."a pre$-cntly 
i::..:orpoi:'ated in the KH ... i system which yields a product 
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simil .. r to DAFF),.. Thus we expect that our geQdeli:c 
t'eq",ir~ments relative to the Wo,rld Oeodetic SYl'ltem 
will p.rcb.ably be satisfied without further development 
of covert satellite systems specifically for geod,etic 
p\lrposes. It may be possible, however, whenCQ,nd~,¢ting 
research and devel()pnent leading to new covert photo:" 
graphy systems" to achieve !u~ther im.provement Q{ 

geodetic accuracies. CQnsideration of tne3C improve
ments should he c!'lcou.ragcd in that they may permit 
savings in oth~r geQdetk and geophysi<;alprQgrams. 

h. lviae,eins and ChartiniRequi'rem~n~~. 
Horizontal.ana ve'rtical control accul'~CiQ&i wHh"QO 
percent aSStlrance for'maps and chal'ts at.\~al"ious 
scale:; are 5(;t {orth below:. 

Large Scale Topo 
M;lP5 at 1:50.000 

~lediuln Scale lvlaps 
(J.t 1:l50.000 

Medium Scale Charts 
,l~ 1 :200,000 

Slgnificant Features 

LQcal HQrizontal 
AC(:4;.rac:y· 

85 ft over a distance 
0;[ 25 statute miles •. 

Vertical A~c.uracy 
(Including .Datu'tn 
P.~ar"~~tiQnl 

16 .. 33 !t over ):; 
lO-~O statute miles •. 

415 It o\"er a distance az ft, Ova1'4,G miles::< 
·of 129 miles . 

333 It o;ver a distance 50,.,.75 it over 
of 10,0 miles ZO·,3.0 mUes.';( 

20 .. ,50 it over 
lOmite,s 

--------------- ..... __ ._._--_ ........ _. -----........... --~~ ....... --..---..,. ..... -----~~-
" These art? contour accuraci()s indicating that 90 per ~ent ().f tb.e points 
un a contour must fall within the accuracies indicated. 
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Wit.hin no region ('''tending 500 miles in any directio·n;aphotog.ramm:etric 
control network i~ required to pcrn'lit the orderly production o!maps and 
d1(lrts to the accuracy requirem~.nts set forth.aho~e. The e'rrQr limits 
fcr s~ch a control network are: 

{l) The rela.tive f~rT('r of horizontal co.ntr-ol points 
wiP .. not exceed 40 feet over distances up to ZOmiles and 400 
ft'ct over distan·c~ up to 500l'l1iles within the region. 

(2) Th<:relative etl'Or ()'!.-vet'tical c C>rttr 01 points 
\viH not exce~d. 10-20 feet over distances up to~O mUes nor 
exceed SO feet over d:'stanccs: up to 100 m.iles~ 

JustHication for Accuracic$and the peg.re·e to 'V.hi,<;h 
? r Co ~ (::!~ teo 11 e c t to n . Sy stern sa reMeeting .R~~ui r etnents 

3.. The accuracies stat~d for la.r'gescale top.og17apnic maps. are 
rcqui red in order to achieve at least minimu..rn acceptable (3,0: per cent 
kill) first 'round effectiveness for tube artillery. Prese,r1t J;'econnais·sance 
~y~tenls are UO~ meeting either the hOl"i~ontal ot ve;rtical accura<;y 
cntt>~~in. 

4. The accuracy requirements for medi\:l.In s(:ale maps are 
ba~ed on th.eir use as a substitute for la.Jtg'6 scale t'9pographie maps. 
Although medium ~cale ma'ps are employe.c:lit\ many differ~n~ ways" 
none of their uses isas de,mano;ing in ac.c:urayy ast\1e; pa~tth~y play a,:s 
substit.·Jtcs fOr large&cale maps. 'the inc.rease(,i ac:c..u~~¢yior medium 
sc:.d~! acr~~nauti'ca! charts a's compared with topographic map$,J i~ needed 
to p:repare radar predicti.ons fer aU-weather. low level penet~ration of 
t.actical and strategic aircraft. Pre-sent covert satellite re.cQmiais~s"llce 
is =n<.'-eti.ng the ~edium. 'scale hor~zontal aCi:cur~cy bllt llotptoviding 
8ufHclcnt ci)ntou 1" accuracy~ . 

s. Requirements for aec;u,..aeie8. of' photo;gramrnetrie <:ont2;'ob. 
poir.ts relative to regional and· loca.l control have be·e:n, e~tablished.. it;l 
c :-dt: r to pc rmit the orderly production of co ntiguot1S' maps a.nd charts 
to th~ accuracies stated a.bov.e.. fI.'reS·t;.nt s.y-sterns a.re me:e.;~in.g tile 
!~ o!'i ~ont~l accuraeyrequil"em ent1f • (ol"'medi~m scale •. but not larg:e ~cale 
n1.ap~;. and ch;trts. ". 
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6. In addition to the req1..liremer:.ts for horizoI\tal and vertical 
~H:Cl: ra('ie s: li.sted above, map ar ... d chart production also requ'ires that 
certain d~tai1s, espeeiaily those ';f.elating to the height and shape of 
signif:.can:tfeatures, be portrayed accurately. FU.rthermore, it ha.s 
b<:'en determined that a grour.dresolution of five feet is sifficient· fo:~ 
th(~se detai.ls. Neither the requLrements for vetticalaccuracynor for 
five-foot resolut:on:are being met. 

TimcHness of Photogra.phicColl~ction 

7.. ·Slnce map and.chart produ.ctionis a tiI'l,le~C6n$,p.ming 

process, it is essential thal an adequate data bank ofphot'ographi c 
coverage -3.nd regi0l}al anci local photogrammetric posi~toninginforrnatiQn 
be obt,ained well in advan~eof milita~y cor.tinget'lci~sthatmay arise 
an:/whcrr. in the world and could requ~.re the production. of medi'.lm and 
la:-ge scale maps and charts on an emergency basis. These.emergencics 
tnay require a .::apabitity to collect phctogr-a.phYonsh()rt notice and/or 
a ca.pability to acquire non~photograph.ic imagery under~ll-we.ather 
cc'nciitions. 

8. . We a1"e piesently employing both the ·KH .... ·4 and. KH '" 7 to 
rl.cq'~l:re ph()tography for the data barJ,cand we expe~tthis;program to 
("ontir..'.lc by including better qualityphotography as lmp-r().rVement~ aT€. 

made ~n '9011cction systems. In adc;HtiQnto performlh.gtheir prima .. 
{11 ~S s~C;~~ of obtaining search and surveillance phctograp1?y.over denied 
,:trc] s, advanced reccnna.issancesyste.ms should .p:ro"ide ·thecapability 
tc' c·1-.)t::.in wcrld··wi de mappingandcha.rting photography:irtclu'ding . 
:lPPl::)~<~.m=ltely 7-10 million square mEes a year oJ areas b':ltside the 
Su'.n"S';";-:.!·t bloc. 

9 • Opportunities toenhanc.e e!£i.::iencicsand~a.se: in' using 
(i..lt1 fr8m satelE.te reconnaissance'systen1s for mapping.hayebcen 
d:'';:'CU5sed ,"vith NRO rcpreser .. tative~ •. Horiz,Qntalaccuracies required 
i.·jr nv~di.unl scale m~pEl and chart~ '~ndforrclahve pOil).t.posJtion.for 
local map ('.ontrol at these scales are being me(byp~e:scnt satel.lite 
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systems. The NRO has advised that it beli~'V~s·that·it· is feasible to 
meet mapping and charting requirements wi~ the: NEW SEARCH system 
and that it intends to have th:p. system designed to meet the vertical 
accuracy requirements for medium. scale rnapsand: qnarts and the 
vertical, horizontal, and photogr.amm~tiic tontrol an~ ptis;itiQn(l;(ctlr-acies 
required {or loc·al map.cofitl"61oh.larg~ s~c·.ale.ri'iap$.,·The design.ql"iteria 
for NE,\V SEAiRCH also provides thefive .. .,£·o;Ot rcsqlti:tion: required fO'r 
certain details of signHicant features to be-portrayed on both medium. and 
large scale maps. 

ConcLusions 

10. It is (:oncluded that: 

a,. Global geo:qetic It~quireJnents wi1.1 p'l'Qbably be 
satis'lied byrnathemati~ali·,e·£ine~~.llt$ aee<)rnpl.i$h~. by com~· 
bining DAFFrrtate;rials \vith, the data fromove'rt. U. S,.. geodeti¢ 
satellite programs plus bridging photography fram cov.ert 
systems. 

b·~ ALthough spme a.~curaG·y- re-q'Uirt;!~nts. f~r.. 

rnapsa.nd ch(1:rts are.satis.,fi,ed. by pr~se.p;t Sy$tem~. tb:e 
NE\V s;e.ARC}i,~atellite' system ~ould be desig~ed; to satisfy 
all ac·curaqy requir;ements stateci above. 

c. Th~:~e a~e p.Qss,U>le iJ:np:r.Qv~~.ent', requiring 
further s,tudy w.hich.~ if add~d tp· ~xi.,titlg; system. 0,:" in... -.. 
corpo;t",ated',into advanced- sys.tems on a cost ... effe.ctiveness 
basis, maytnake map production more e!:f~cien.t an.d would 
provide e·asie.r m.ethods for rapid s,atellite data redu.ction 
in th.eproduction 01 maps a.Q.d cbart$ •. 

n ecommendations. 

11. !tis recomme·nded,: th·at: 

a. Technical eha;1";:l<~t~rist~¢s of: ~W SaARCHbe 
de signed to me,et the requil"emcnts- fo,r medium alld'/ lar'Se $.c~le: 
maps and charts set forth above; however, if meeting these 
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requirements is likely to result in significant adverse 
effects 0:1 intell igence collection, the problem. should 
be brought t.o the attentIon of COt..,10Rj NRO be requested 
to provid~ COMOR with information on those specific 
rc,uiren1ents that could be exceeded appreciably at negligible 
co:->t ir.c rcase and on those specificrequlrcments which, 
if reduced, would. result in substantial program .savings 
or in substantial improveme nts in other requ.irem.e nt 
areas. 

b. NEW SEARCH have the capability to obtain' 
world-wide mapping and ~~harhn.gphotography including 
approximately 7 - 10 milli.on squa.re miles a year of areas 
outside the Sino-Soviet bloc. 

c. Pres:entcJforts ·toobtairtphotograpbic 
material of non-deniedare·as for th,e mapping and; <:harting 
data bank be continued with th.e prcsentKH-4and with the 
improved KH-4 when it. becomes· operational. 

d. 'The NRO, inconj.unction with COMQR r 

con.tinue to study the,problem of improving the cost ... · 
effectiveness of photog·raphic satellite systems for the 
production of ma,ps a,ndcharts and thl:"o~gh cQ,p$ultatiO,n 
withthetechni.cal r~·pres~n:tative$ of the' C€)~M()R' M.apping. 
Charting: and G~odesyWorking Croup developimp:rove
ments, responsive to· CQMOR fsrecommendations 1 in 
systclTIsdesigns that are compatible with the primarY 
intelligence mission performed by covert satellite 
recQnnaiss anc e. 

e. Eve·n though the current wo.rld .. wide 
geodeticl."equirement will probably be ful!illed by DoD 
combining the results of overt and pl"ogramm.ed covert 
systems, theNRO should continue COIlsideratiQn of major 
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adva,nce$ in th~_ appli(:~,~i~no.f $.~telli~~$, t~tl,!le, ~,Q.;lq~~.:n 
of w~l"ld ... wid'e g~odel;ie, p~ot>tem,$,an,~ shouJ!d~in-£Oj~tn 
COMQR of PQ,ssible itnp~ovemen~~i~cov¢rt·&at~lItt~ 
systems whe·n tne,se, mi.ght a~hf:e-y,~'gre.at~.;:a~~ur:CJ¢~~$: 
or eco.,no,~ie$ in the futur~ co:n~Gt of w<),~!d~w14e 
geodetic pro,g-ram-s .• 

\> 

b;s~C .1 *'F ' 
WilLiam' A~, 'l"i4we.,U, 

C;hClirm~n 

c;,omm irtte,e Ql\ Qvcrhead R,e,c<)nn~i.s sane e 

... ",,',' , ;....; 


