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MAPPING FROM ATRBORNE ELECTRONIC conrroT/ 2/
ABSTRACT

' Paper will discuss specifications, acquisition techniques and
. data reduction processes for mapping from airborne electronic - - -
' _controlled photography. Special emphasis will be given o
; applloatlon of thess methods in unsurveyed areas and the pro,ject
now in progress in Ethiopia.

Estimates of time, cost and accuracy by airborne electronic
- control will be compared with conventional ground control methods.

Revent and” foreseeable future 'bechnologlcal ad.vancemen'ts in
_airborne electronic control will be digcussed.

J By Kenneth W. Rmehart, Ass:tstant Chlef, Mapp.mg Branoh, O:f'flce of
Chzef of Engineers, Department of the Army, .

_2/ The illustxfations.will be issued 58 addendum_ fo thig _‘d.c')'cunrlent. "
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The requireﬁentrfor”rapid.prOduction of maps is acocentuated by the
inereasing needs for man to improve his knowledge of the earth. Of
prime importance is the evaluation and exploitation of resources o
support improved standards of living and meet the reéponsibilities of
the goclety of natlons. Durlng the second World War, the unsatlafactory
status of mapp;ng was, emph351ze& by the lack of adequate maps of many
areas where nations were required to commit military forces. The search
for peacetime golutions to economic and soeial problems changes the
emphaéis-from'maps for military purposes %o ﬁapsiand related geographic
information for plamning and;exeqution of long-range development programmes.
This change of purpose does hot ‘change the sernse of urgency. To' the
e#ontrary — as older nations have continued their involvement in inter-
national~responsibilities and new nations have gltruggled to achieve
economic stability to parallel their political independence — the need
for geographic informatioﬁ has become increasingly important. Manj
nationg now expend a greater portion of their budget on mapping than

ever before.

-During the past two decades there have been many technological
advances which permit increased map production with greater efficiency.
One of the most significant of thege advances ig the evolution of the
‘geience of photogrammetry, moving the map compilation process from the -
plane table in the field to the stereo plotter in the office. Theilist
of accompanying improvements is almost endless — and not yet complete.
Perhaps the most important of all is the development of methods o
meagure digtance by electroniciequipment. To expedite mapping in remote
areas and to minimize costs we are continually investigating procedures
for precurement of datum control. ZElectronic equipment has played a

major rdéle in this development.

Utlllzatlon of electrOnlo dlstance measurlng equlpment varies from
relatlvely short range ground measurements of a few hundred metres to '
hlghly complex systems 1nvolv1ng artificial satellztes capable of -

measurlng hundreds of kilometres with high geodetlc precigion. HIRAN,
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which is & modification and refinement of ‘the short fange'nevigation, ‘
systen known as SHORAN; and the Terrain Profile Recorder (TPR), are
being used successfully as airborne geodetic measuring equipment.
These systems have freed the surveyor and mapper from the limitations

imposed by terrain conditions of access. and vigibility.

HIRAN, when oPerated w1th sp901a1 technlques and aulelary un1p—
ment, can be used to determlne the preclse dlstance between an alrcraft
and eaoh of two ground stations. Distances obtained with the HIRAN
gystein are mathematically reduced to sea level distances which os@n be
applied. to the sciences of geodesy and cartography. It ie particulerly
gffective for unsurveyed areas where difficulty of ground access -all

but’ precludes employment .of more conventional technlques.:

The ﬁnlted States has uged the gecdetlc appllcatlon of HIRAN for
long range exten51on of geodetic networks by trllateratlon over ereas
where conventlonal geodeﬁlc surveys would have been 1mp0551b1e. _These
networks are indicated in (figure 1). As it can be seen, the major
aécbmﬁlisﬁments3have“been the conmpletion  of geodetic:ties:betWeen North
EﬁdZSoﬁfh-ﬂmeficag from North America to Burope, and inter-island ties

in the ‘Southwest Pacific. The vast area of Northern Canada has been

7 controlled by similar means.

- HIRAN trllateratlcn networks ere d991gned to produce flrst order
accﬁracy. The max1mum allowablc probable errors of etat1ons referenced
to known control is 1 50 000 for stations less than 160 kllometres apart
and 1: 100 000 where the dlstanoe is more than 160 kilometres.

_' @ther papers presented to this conference w111 dlscuss the current
glcbal geodetlc satelllte programme Whlch also employs the electronlc

dlstance measurlng pr1n01ple.

: Here in Afrlca the Army Map Serv1ce has used airborne electronlc
control for mapping in Libya and is currently co—oPeratlng Wlth the
chercments of Bthiopia and Liberia in mapping programmes u91ng‘the

same techniques. These methods will permit accomplighment of the %
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mapping in-less time and at lower cost than would be possible by con= .
ventional methodg. ¥or example, comparative cost estimates for a

58,000 square mile area of Iran were $1,248,000 for ground survey
methods versus $850,000 for HIRAW. Similarly, in Liberia the estlmated
cogt for a 37,000 square mile project was $1,300,000 for ground survey:
versus 3814,000. Thege estimates include the cost of aerlal photography
Both s1tuatlons, although 51gn1flcantly dlfferent in terraln and cllmatlc
condltlons, refleot a flfty per oent savlngs by uSJng HIRAN technlques.

As with most endeavours, success is largely dependent. upon proper
advance planning. The acquisition, correlation, reduction and processing
of,airborne.eleotronio control data can be_fraught,withrerrofs,»misﬁakes,
equipment fallures, and the vagaries of natural conditions. Based on;,
experlence factors, many of these oan be predicted and thus av01ded
through careful<plannlng. In each case the work to be done must be_
d631gned to f£it the condltlons of ﬁhe terraln and the end product
deslred. ' ' ‘

In the planning of a mapping project ut111z1ng electronic methods,
the preliminary. design of operation is most important. The first step
is an office investigation of all available source materiale and refer~
smnes, such as maps, bookes, climatic records and post reporte. . Correla-
tion of these data permits a preliminary estlmate of necessary resources,

the mOSt favourable operatlonal perlods, and the tlme requlred. Usually

_it 13 also p0351b1e to select a prellmlnary network oonflguratlon to

. assure radar ooverage for the entlre progect area.

) ThlS is followed by a fleld reconnalssance o conflrm the fea51—
blllty of the prellmlnary plan and to gather such addltlonal 1nformat10n
as may be necessary 0 oomplete the progect. The reoonnalssance team ’
will algo vigit each selected ground statlon and prepare it for
odcupancy, - 4 critical requlrement for ground stations is a clear line
of gight from the station to the ‘areas and altltudes where the aircraft
will fly. ' ;
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- The oOmpieteé reconnaissance surveys, together with the data com-
piléd'during the investigative phase, are used in preparing the final
plans and project implementation. Bpecific requirements such as ocamera
types £light altitude and -flight direction, special flighte, sola.r.angle9
etc. are determined and_in@icatéd iﬁ a data sheet as part of the

specifications..

To maintain quality control there are reguirements for pre'ahd‘posj
operational tésting-of all components of the system. An”operaﬁional
'sérﬁiﬁ%‘test of the prime cameras and accessories must be pebﬁormod_
over a "degignated test area. The exposed photography must méet the
requirements, as set forth in- the specifications, for forward overlap,
tilt, crab, . dlstortlon, flatness and film quality. The TPR system s
radar antenna axis and the 35 mm p051tlon1ng camera axis must be checked
for allgnment. Several fllghts must be made over a prOmlnent terraln -
feature with both radar and posltlonlng camera in operatlon. From "
measurements and oomputatlons the pOSltlon of the beam on the 35 mm

photography is determlned._

Prlor to: the first photo mission and following the last photo
m1551on in the area, a performance test for sach HIRAN set must be made.
The ground statlons, the airborne equipment, the pressure altlmetre,
the radar altlmetre and other components must be callbrated for accuracy .
Measurements are made between two known posltlons, us1ng the trllatera—

tlon method. of 1ine. cr0531ngs.

The flrst phage of project exeoutlon is completlon of the dri-
Iateratlonffor geodetic purposes and establishment of the datum._ Since
this phase does not necessgarily require cloud-free weather, 1% can
.usually be completed in a relatlvely gshort time and may be acoompllshed
durlng perlods not sultable for aerlal photographlc m1351ons. This 1s

followed by ‘the aerlal photographlo phase.

~Buring‘the photographic migsions, radar signals aré continuously

gent from the aircraft to two ground stations of the trilateration net.
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Slmultaneously ‘with the exposure of each photograph, the HIRAN distances
are recorded, permitting the determlnatlon of the horizontal position of

each photo nadir p01nt.

| Vertlcal control for photogrammetrlc mapplng is also acqulred by
electronic methode. The TPR operates on the radar pr1n01pal. As ‘the -
photographic mission is flown, gignals are bounced off the terréiﬁ'éhdf
the-altitude'of the aireraft above the terrain is recorded on a graph
in theAfbrm'cf a continuocus profile. A 35 mm camera; aligmed pafa1191:
with the radar beam, records tle path of the beam. As each exposure is.
made, a tick”onzthe'cheft'ie*recorded for correlation. Also, the

moment of exposure of the prlme mapplng camera -is recorded on the chart.

The-vertleal,reference ig an isobarioc datum. 4t the start of a
pission the plane flies over a known elevation —— preferably a 1arge
vody of water - and establlshes the 1sobar10 datum by means of the
clearance and a cons#ant pressure surfaeen Ae the fllght Progresses,
variationg from the pfeeeufe surface are measured by a hypsometre.
These variationg are corrections that are applied o the aircraft =

clearaﬁees above the terrain which are then recorded on the graph as

‘a eorrected proflle,

_ At 1ntervals along ‘the fllght llne, the’ drlft angle, airspeed,
latltude, and digtance flown must be recorded. This is to determine
any change in atmospheric pressure level relatlve to helght ‘above mean
gea level at specific intervals along the line. After termination, the
true hemghts of the selected pressure level —~ igobaric gurface — ig
agaln meagured over a flat eurface of known elevation to determine ithe

trus pressure 1ével change.

The correlated and reduoed data are used 1n ‘a’'more or less conven—
tlonal method to perform an adguetment and establieh orientation control
points for photogrammetric map oompllatlon.' However, data reduotlon_ls
qulte lengthy and proper enalysis of -the TPR data is most. -critical.

The so—called "narrow beam" radar ig a-one-degree cone. - From 9,150 metre
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altltude 1t covers an area of a clrcle about 150 metre in diametre.
The exact p01nt of return ig not known. Methods have been develoPei
at Army Map Serv1ce to process the raw data so that TPR data will '
prov1de vertlcal control with an aceuracy of 3 metres 1n flat terraln _
:and approx1mately 6 metres in mountainous terraln. The Army Map '
Service has’ prepared several technlcal memoranda regardlng the data

reduction procegs. These can he made avallable upon reguest.

| Brlefly, HIRAN is used to accompllsh two 1ndependent m1551ons -
trliateratlon and controlled rhotography. A trllaterat1on mlsslon, for
the establlahment of flrst order horizontal control networks, is
accompllshed by maklng 12 aoceptable line oross1ngs, 6 at cach of two
altltudes. At least four of the 1n&1v1dual cr0351ngs in each group
rust ve Wlthln 4.83 metres of the mean of the groups ana the ‘mean of
the two groups musth not differ by more than 4,83 mqtres. A controlled'
photdéiaphy'missiong td‘determihe relative positiohs of ﬁoiﬁfé oh-the h
earth's surface for horlzontal control, is acoompllshed by measurlng
dlstanees from the alroraft to two ground statlons of known geographlcal
posltlons 1n order to determlne the alrcraft pOsltlon in space. The "
posltlon of the p01nt on the surface of the earth dlrectly beneath the
aircraft can then be computed. A vertical aerlal photograph 1s exposed
slmultaneously with the recordlng of the HIRANW dlstances thus permlttlng

horlzontal control of each photo nadir point.

Through varlous tests, 1t was found that the photography and control
data colleoted by these airborne systems is adequate for Class A medlum
scale | mapplng and very nearly approaohes the accuracy requlrements of |
Class A large scale maps at 1:50,000 gcale. With further 1mprovements,

_meetlng the 1arge scale requlrements will also be feaslble w1th a hlgh

degree of confldence.

Regardless of the many opportunities and advantages offered by the
equlpment and technigues currently. in use, one recognlzes that there are
also llmltatlons and dlsadvantages. Within the United States, govern—

ment &gencles and commercial industries congtantly seeck methods for
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improvement. At the Wairobi Conference in 1963, the ooncept of a
sophlstloated system called AN/TSQ~28 was introduced. This systen is

8 group of equlpment 1ntegrated to provide the fastest and most '
aoourate means ever available for obtalnlng geodetlo rav. data. With

the exoeptlon of ﬁhe ‘aerial photography, all’ supportlng data are recorded
on magnetic tape for alrec% input into a ground dlgltal oomputer for

accurate and rapld data edltlng and reduotlon.

SHIRAN, whloh utlllzes a higher frequenoy wave 1ength or S—band

-_ than HIRAN, is one of the bagic oomponents of the USQrES system. The
ultlmate eapabllltlea of SHIRAN are not known, but prelzmlnary teste
have 1ndlcated greater\aocuracles than the present HIRAN eystem. -
Measurements fo four ground statlons are made elmultaneously 10 tlmee i
eaoh seoond. Data are reoorded on a magnetlo tape in a eomputer— o
oompatlble format, which may be forwarded to a computer oentre for :
-rapld :ceduotlo.ne Prellmlnary tests 1ndloate that for trllateration
the probable error for an individual line crossing ig *2.19 metres.
Teets of the SHIRAN eontrolled photography show the absolute horlzontal
'brldglng aoouraoy to be 8. 27 metres. Wlth the complete USQ—ZS eystem
it 15 antlolpated that the aoouraey will 1mprove. This entlre eystem
Will be mounted 1n a long—range jet alroraft, oapable of hlgher' '

altltudes and speeds then are feaslble for propeller driven alreraft.

Thls eystem is expeoted to become aperational by mld 1967, Suoh
a syetem will be partloularly applloable to the rapid aequlsltlon of
mapplng data over 1arge aresas where ground eurveys and bas1o mapplng

are eesentlally non—exletentu

Tager Profller

| One of the Unlted States oommerolal firms has announoed development
of a new terrain profile recorder which uses a laser beam 1netead of a
radar signal as thé means of measureément. While this development still
“hag some recognized limitations, it holds forth the promige of great’

improvement over the radar profiler. Basically it uses the same
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principle as the radar type profiler except that a LASER beam is empioyed
for measurement instead of a radar wavs. The prime difference is the
beam width. The area illuminated on the ground surface is approximately
.3 metre square ss compared to the 150 metre diametre circle of the

radar beam. Preliminary flight tests performed by a commercial company
of the LASER TPR were conducted and the indicated accuracies were within
30 om at a 300 metre altitude, and within 1.5 metres at about a 4,000
metre altitude. The high accuracy and high regolution of the altimstre
are a result of the ability to focus the intense beam of light energy
ont§ a emall spot. The Corps of Engineers will conduct operational .

tests to determine specific accuracies of the system.

The profile is recorded on a chart similar to that of the TPR
except thaf it ig & continuous recording and not a pulse type. This
would simplify the correlation to the mapping photqgraphy and inorease

the effioiency of the photogrammetric operation.

At present the LASER profiler is limited %o approximately a 4,570
metre alfitude because df power and other minor limitations. Preliminary
tests have indicated that this device has great potential as a gystem
for acquiring vertical control data. By continued research, one can
confidently expect additiornal significant technological advanoces to
épeed up ‘the mapping proéesses while simultaneously reducing the over—

all costs.

The "current estimate im that less than 25 per cent of the world's
land masses are adeguately mapped. I think we all recognize the
importance of mapping to the accomplishment of our defined soclal and
sconomic objectives. I do not necessarily suggest that ailrborne
electronic control offers the ultimate solution o all the mapping
problems. However, I do submit that the opportunities offered are too
great to be overlooked when planning'for the accomplishment of carto—

graphic requirements.
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