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PHOTCGRAMMETRY FOR REGIONAL MﬁPPINGl/

- ABSTRACT

o Taree ﬁlfferent gystems are oompared for mapplng a large .
‘heretofore unmapped region. One system uses.photography from an
earth satellite, a second from zn ultra-high aircraft using

- auxiliary data, and a third from a convenflonal high altitude air~

“oraft with or without aux111ary equ1pmenﬁ " In each system analytlc

- @aerotriangulation plays a ‘key role. - S

Analytic aerotriangulation is a oomputatlonal method by which

. all the photographs of an area, or plock, are adjusted 51mu1taneously
"to fit each other and to Tit conventional geodetic control as well
&g all other auxiliary data (e.g., from a solar camers) which one

Jmay wish to impose. The output of the computation congists of .

" the X, I, Z space. so-ordinates of several objects shown on each
'-photograph these poiunts are regarded as control for later compila-

. tion with stereoscopic plotting instruments. The input data consist

“of the Xy ¥ oo—ordinates of 1mages on the photographs meaSLred

with a oompavator.u : . : : .

The expected accuracy of each system is progress ively poorer

din.the order named, the best being of the order of 2 to 5 metres.
Nevertheless, the third or worst system may still have an attrac— _

tive potential velue because of its almost immediate availability.
Its error may be ag much as 120 metres, but the error could be

transformed, and/or reoomputad, at a later time when a dense net.
of adequate control is available, The resulis are erpected to

be amply accurate for a reconnaigsance—~type of planimetric map-

at 1 50 OOO scale for Tesources inventories and regional plannlng.

;/ By G.C. Tewinkel, Reczoearch Photogrammetrist, Geodetic quoratory,

Ingtitute for Earth Sciences, Environmental Science Services
Admlnlstratlon, U.S. Eeparfment of Commerce.
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INTRODUCTION

This discussion is presented in conjunciion with two others pfepared
for the same conference: Lansing G. 'Simmons, "Satellite Triangulation";
and Wlllwam D. Harris, "herial Photov“aphy for Surveylng ‘and Mapping.
anh paper offers suggestlons for dnaxlng w1th large’ unmappod areas,
such’ as portlons of Afrlcag or the éntire oontlnente' This partlcular
'paper desorlbes analytlo aerOurlaﬂgulatlon and indicates how this technlque

_may be advantageously‘employed.

o Several assumpulons are made in thls discussion. Géodétio'points
.can be estalesbed by neans of satﬂlllte trlangulatlon, but Just:owhen
thls w111 ‘e aooomp11shed is not olearp_mt seems logical to expect that
-the oompletlon could be hagtened significantly by a unlfled request
‘from all the peoplos of the regiocn. In_tho meantime it may bo necessary
to aoply certain interim‘feohnﬁqués. Several.differenﬁ'ty@es'ofzaerial
photography are suggested in the paper of Mr. Harrisj although these
are con51dered to be entirely. approprlate? a third type is dlscussed
here 1n the 1nterest of tlmellness. Throughout all of these suggestlons
.1ﬁ is assumcd that. mn11y+1o zerial tfrisngulation is the fastoot, cheapest,
most aoourate and appropriate method for the eff;olent utlllzatlon of

ground oontrolo

It is also asgumed that the reglon has urgenﬁ need of maps for
the inventory of matural resources and for regiomal economic planning.
A very important econocnic nesd would be served if such maps were avail—
able immediztely; at least within a year or two. Consequently 1t seens
appropriate that & nap baving o scals of 1:50,000 or smaller; and without
contours, would £ill many of the urgeni needs, except for isolated gmall
areas where enginsering projects may be contemplated (Hotine9 19653
Schermerhorn, 1964, essays by Gamble, Koushin, and Wigginsj Zarzycki,

1963)

It ie therefore sugges%ed that l 100, OOO soale photography be
obtained with colour film and also infrared 1f necesgsary, 60 per cent

overiap in both directions, with a super-wide angle camera of about
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9 om focal length from an altitudée of about 9000 m. This can be ar—
ranged and aocompllshed &lmost 1mmed1ate1y, dependlng on seasonal weather

and atmospherlc condltlonse

- Analytic aerotrlangulatlon and subsequent map compllatlon can be
accémpllshed W1thout aux111ary data, but every bit of such data adds
acouracy to the system._ Analytic aerotrlangulatlon offers the pos-
sibility of incorporating almost any kind of auxiliary data and con-
trolling the influence (weight) on the solution. MNr. Harris has mentioned
the”solaf éaméra and-thérlasér altiméter, which are ideal. Other 1tems
inelude SHIRAN, APR, horizon cameras, Statoscope,'etc., (Bueh, 19643 '
Corten, 1964, D1 Carlo, 19649 Jerl, 1966 L1v1ngston, 1966 Zarzycki,:

1964)

Obvibﬁsiy a dense &isfriﬁution of geodefic control is:required
to produce an acourate map 3 but a reconnaissance planlmetrlc map can
be complled without any control at all. At least a skeleton of pro~
visional horlzontal control is most bhelpful, as well as a scatterlng |
of elevatlons (barometr1c) throughout the region. Moreover a prov181onal
analytlc aerotrlangulatlon can be" repeated later Wlth the orlglnal
photographlc measurements When a’ denser network of accurate control

is avallable.




B/CN. 14/CART/193
Page 4 :

ANALYTIC. AEROTRIANGULATION . -

_ ‘Anslﬁtie sefotfiangulatioﬁ dependsﬁon the ﬁse of an electronic.
computer (Harrls, gi_al, 19623 Horsfall, 19643 Keller et al, 1 964—1966°
Umbach, 1966). " The term "block aaaustmen " refers 1o the s1mu1taneous
computablon and adjustment of all ihe over]applng photographs 1n an
area {Tewinkel, 1966). A general system ig in current operatlon 1n

the U Sn Coasﬁ ard (levdstio survey.

The input data 1nelude . the £y Z} co-ordlnates of selected lmages_
on photographle dxapos;t?ves (oolour es Well as. blaok and Whlte) _
measured w1th an 1nstrument ealled a comparator. The best accuracy
of a comparator is about one micron (0,001 mllllmetre) The 1nput R
algo includes the oontrol data and aux111ary data with an approprlate

Welghtlng system. S

The output conﬁlsts prlnarlly of the X, 1 Z conordlnates of all
the obgeets correspond;ng to the selected images. These co—ordlnates:‘
Tmay,be use& like control in setting up a_plettiﬁgtlnstrumenﬁ‘for}msp,
eempilatien, using either the seme or‘diffegenf diepositivesa -The,
output also 1ncludes the X, ¥, Z of each camera station, as well as.
the three orlentauwon anglss of each photouraph and an assessment of

errors for images, For pictures, and for the entire systems.

The oriterion of the solution is the minimization of all the dis-—
crepancies of image measurement while judiciously fitting to all the
control and auxilliary data. The mathematiocal basig consists of the
faet that the three points, image, object and perspective centre, must
lie on a common line for every image-object set; any failure to do

go is attributed to an error in image co-—ordinate measurement.

An attempt is made to fake all known systematic errors into
account with all the sophistication that may be necessary. These
errors includerlens distortion, film distortion, and comparator calibra—
tion factors. Also, earth curvature and aimospheric refraction are

fully recognizged.
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Strips of photographs are not considered. as strips:although they
rmay be initially analyrmed  inthat manner .for the preliminary phases
of the. computationsi: The bloclk adjustment réegards each photograph as-

a.geparate entity. . The 60“percent:sideﬁoverlap.affordsf:‘
- (1) &n 1ndupendence ‘From the dlrectlon of fllghu,
;,(2) equal r1ng1rJ of ddgvrument in all dlrectlons, and
(3)'waqfreedom-from a ‘nesd for cross flights.
'~A1thoughithe5imolmsion of suxiliary data have not.yet been included
in the: 0833 programms, nevertheless'they can be incorporated-at any -
time now thatthe basic programwo -is operating gmoothly. " Thus: it will:
be possible to“wpeoifyff; | ' ‘
(1) a gmouna distande (electronlo) betwesn two statlons Wlthout

o know1ng +h¢ co—ord1L4tes of ihe %tatlonsg

Vs

_ﬁ{?);_tha aziruth (folar, polarLD) between bno statlons in the
. 2808 M3Nnery. . . _
(3) the bip and w11% (k¥3;‘{%§3.ﬁ) of the camera from horizon :
pﬂOuog“thﬂﬁ

(4) +the height {a:

—

timetsr) of the camera above a point;

(5) the azimuth K of *he camera as obtained from a simultaneous

golar gansra
(6) +ip and tilt covponsntsz, also from a zolar cameras

(7) the X, ¥ co-ordinates of the camera from SHIRAN; stc.

Several of these forms of data are available today; some are dif-

Ticult or expsnsive operationally, and others ars not yet manufactured.
b ¥ 9

' The sizme of the compuiation for the adjustment of large blocks
is somewhat stertling; however computing costs are rapidly decreasing.
The costs for small blocks seems accepiable even today, For example,
on a fairly large computer the times and costs for two blocks of
photographs were: 18 vhotos, O minutes, $453 and 40 photos, 48 minutes,

$225§ The costs cghown here include & large portion of disk search time,
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whereas gome larger computers charge only for purely computational time,
It is logical to assume that one can arrange to.apply the largest computer
available: 4o the problem of analytic aeroiriangulation for a region.

of any size, and that the cost will not be prohibitive. (It is a general
principle that the largest computers are the mosi economlcal) " In the
meantime, computer usage is being reduced greatly by applying optimiza-
tion teohnlques so that, because the present programme is still new,

the costs may be reduced significantly.within. the next few months.

The Y.85. Coast and Geodetic Survey has in operation a series. of
aerotriangulation_computer programmes all of which 2re either already .
published or are in process of . publication (e.g., references Keller,
Horsfall, Umbach). This series culminates in "Block Adjustment", which
is prepared for 185 photographs ahd can be expanded to almost any number
to fit the problem and the partlcular oomputer. Incidentally the pro—
grammes by Mr. C.T. Horsfall of Lagos, Nigerla {and supplemented by
Umbach) were prepared for computajlon on a medium~size computer avail-
able in that country for applications to moderate~léngth sgtrips of

aerial photographs.
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GENERAL DISCUSSION

ot oﬁly does the cost of computing block adjustments increase
exponentially with the.number of photographs, but also does the probable
error of the results (in the abeence of control) due to a2 nuadratlom
llke propagatlon of undetermlned small syetematlc errore. These erTors
oause a seemlngly systematlo deformatlon of the blook (most ev1dent
in long narrow strlps) For exemple, a strlp of 18 photographs at .
1t 40 000 seale controlled only at the ends hed a horlzontal bow in the
oentre of 30 metres.i The magnltude scems to be roughly proportlonal
o the equare of the number of photographs, and the effeot 1s present |

in all three dlmen51one, perhape somewhat 1ndependently.

Let us consider the variation in computer costs and in error-for -
several dlfferent types of photography (repeatlng eertaln concepts from
Mr, Harris' paper) for a hypothetloal area 300 km by 300 km (Table 1)

TABLE I
- Eetlmated computer costs and regidual errors
for an area- 300 km by 300 m '

Type of - - Height =~ Soale Nb:vof'”Compating ‘Error = Target

Photography . (km) il . Photos Cost - : (m). size{m)"
Satellite” ' 200 1,300,000 8 - " $24° 3 40 5 40,
- photography . e . B T R
High Airoraft 23 150,000 525 $12,500 2 %0 3 . 4.5.

(with solar
camera and
altlmeter) . . ‘
Airoraft "; 9 100,00C 1100  $36,300 120, 3.
(varometric -« - : - T e -
elevation & - ...
4 control
points)
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Horizontal and vertical control are considered to occur at the four
corners. In the lasgt example about 25.barometric altitudes are asgumed

to have: bBeen soattéred throughout the area, as by using a hellcOPter

‘(necessary even f£or the' planimetric conoept)

‘ However computer oosts are not the only elements to be con51dered.
The costs for equlpplng and launchlng & satelllte are qulte large and .
probably can be economlcally applled only 0 very 1arge regions such
as a eontlnent. The satelllte scheme certalnly w111 yleld the hlghest
accuracy in a most forthrlght manner. About the only ground prepara— ,
tlon cons1sts of establlshlng the targets. One Would naturally Want
to’ use many, many targets, perhaps one evsry 10 km, to supply a dense
accurate network on the ground st very low additional cost for future

utilizgation..

The hlgh alrcraft approaoh seems also very prom1s1ng.\ Capable

alrplanes gnd equlpment areé in process of manufacture,

The lower aircraft scheme has the advantage of bslng posaible

immediately with current equlpment, and presents the 1owest cost for

- the photography and hlghest cost for computzng. The results consist

of only a reconnalssanoe type of map Whlch has llmlted appllcatlons.
Howevsr, an 1mmed1ate xeconnalssance map, beoause of 1ts timeliness,

may have very grssﬁ_sponomlo 51gﬂ1flcance_1n the develoPmentmsfma_region
in the sense. that a further delay of two to ten years for better maps.
might comprise a cos*ly detrlment to the progress of all the p90ples

of a rmegion..

These photographs, in colour, at 1:100,000 scale enable the'ccmpila~
tion of 1:50,000 scale maps uslng convsntlonal stersos00plc 1nstruments.
Although the resulting maps may be reconnaissance in nature. because
they may show an erroneocus geographic. looatlon, they nevertheless Wsuld
be internally very consistent. Moreover they would depict all the -
drainage, roads, villages, mountains,.and vegeitative cover.. Although....
contours as such would not have much value, nevertheless heights might'

have a datum error as small as 50 metres, depending on the density of
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the barometric elevations that had been provided. Surveys of sections
of the region, or the entire region, canfbeﬁrgadjugtgd later when more
control is avazlable. ' R ' L :

‘It seems that satelllte trlangulatlon for control may aotually
be accompllshed before olas31ca1 geodetlc surveys can be conducted.

The eventual dens1ty and accuracy 'of satellite: surveys 1s expected to

be amply adequate for standard 1:50,000 scale maps.

' colfeTUSTON” -

Analytlc aerial trlangulatlon for a remote reglon is suggested
by using any one of three types of aerlal photography° sateillte°
ultra-high altltude alreraft- and conventional hlgh altitude’ alrcraft.
The flrst two seenm part;cularly attractlve because of thelr very hlgh
accurasy. and of theqeése of computlng. The last one may be atbractlve.
because of its almosti immediate avallablllty with cOnventlonal equip~
ment  for the tlmely pro#uztlon of maps for resources. 1nventorles and

reglonal “goonomic plannlng.
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