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' THE ST0-2 DROBYSEV TOPOGRAPHIC STEREQMETER
" AND REVISTON OF PHOTOGRAMMETRICALLY
. DETERMINED RELIEF ON A
. 1:10,000 SCALE MAP
| cOsschoslovaida-

- [Following i the translation of an article byﬁaginear o

. Vaclav Pichlik in Geodeticky a Xartograficky Obmox ... - : . |
- {Gecdetic snd Cartographic Review), Vol 7, No 2, . - T
Prague, February 1961, pages 21-2i,, R

Propozal for aubétitnting the field check of photogmmtrb S
cally prepared topographle maps of 1t 10,000 scale with & photow .. . -

grammstric method using the STD-2 Drob;
I. Ihs_sontempors
the photogrumnebrie method, = = R
Topogrephic maps on a 1l: 10,000 and 1: 5,000 scale, prepared
by ths photogrammetric methed, are currently inspected in the CSSR -« -
gt the tims of the topographic field check. The accuracy of phobo~

sey toepographic. stereometer, . o
bopogravhic mane prepare

which is the subject of topographic checking. . C .
Ideally it is assumed that the quality of all photogrammetric
. evaluationa done heretofors and the increasing experisnce of the .-
evaluators will make it possible to carry cut the checking of photo-
. gremmetric evaluations rather in the form of spot checks than by -
. the method and to the extent employsd to-date, . SR

prescribed criteria, As'a result, it ia mainly the evaluated relief

The contemporary method of Lopographic field checking consider-

7 m& o hek 2 _LOPOHEY ¢ MmAGE D ‘-q“- {

grammetrically determined topography by and larcge satisfies the .~ '« - L

* . ably lergthens the manufacturing cycle of & map.and considerably - ...

reduces the economic efficiency of the photogramustric method, . For .

that reason, the Central Aduinistration for Geodetics and Cartography -

announced that the problem of checking photogrammetrically prepared

|
|
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topozrephic mepe ls the nusber one task for 1957..53 for improvers and
jnventors in the field of geodetics and cartography.

II. Proposal for a new llet!mci of checkigg Phcstogrmet.ric Relief

Determinations. ' ;»..w____,

It was suggested t,e the anthor o.f this artic;,e that he solve

. the problem by making a comparison of the slevations of a larger

. numbsr of points which wers determined on universal machines by

.. both the geodetic and photogrammetrie methods.

: A second independent photogrammetric relief determination of
. the map shests, or else an independent photogramaetric elevation of
& larger number of conveniently located points on photographic

. pleture pairs conld be a sufficient check on photogranmetric deter-
. minations, The photogrammetric method of checking would be faster
&nd more sconomlesl than the heretofore employed method of topo-
 graphic flsld checks, However, the extent of the planned assigrments
" for the / available / universal machines doss net allow their employ-
ment for systematic checking. -

I supposs that for this work one could usa tapogr&phie starao-
msters which, as far ss they are employed in photogrammetric oper-
stions, are not fully utilided. Topographic sterecmeters serve in
the aifferantiation method for determining elevations on picture .
 pairs, i.s., for preparing. thet part of a topographic kap which is
" the prime object of checking following the pbohegrammetrie; dﬁter-

. minstion of tepographic maps. : -

- The proposal for using topographic stereemeters for shacking
& photogramnetrically evaluated relief is based on the following

. facts or sssumptions: .

' 1. In the Soviet Bni@n whers the accuracy eriteria fer

. repressnting rolisf on topographic maps of 1: 10,000 scale &re
bagically the sams as in the CSSR, the majority of mspping work
utilizes the differventistion msthod, in vhich reliaf avaluat.ion is

. carried out on topographlice stereomsters. o
, 2. N. A, Sokolovawviz. (1) pege 12 = states that the medisn’
.error for relief evaluation on a topographic stsmomatgr made from
: g picture pair with a camera of fixedy = 210 mm is 0,03 mm on
- the horizontsl paralax and with constZnt £ = 100 mm it is % 0,04 mm,
. The author further states on page 34 of the same tréatise on the

. subjest of analyzing the accuracy of point-by.polnt ‘rolief deter-

. mination on a stereomster and stereo-planigraph, that when using
 plctures on a 1:7,500 scale made with a camera of fixed f = 210 mm,
the elevations uf the individual poiats on the tomgrapbic stereo~
meter were determined with a medisn error of mAp + 0.017 ma.

3, BEven if the accuracy of evalustions on nnivarsal machinas
1s greater than on tepogrephic stersometers, it is poaaible (on the
actusl basis of height determinstion of individual pointson a
stereometer with a median error ofméip= % 0,025 mn) to verity on

a tepographic steraomater ef the proper aceuracy mether the relief

L2 ‘
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- evaluated on universal machines is inkline with the accuracy orit-

erion for elevation reprodustion, . .
When using shots on a 1:14,000 scale made with a camera with

. fixed £ = 210 mm, the median horisontal paralax error ofmlp=

. 0,025 mm corresponds to a median relief error of my » P+ 0.95 .
- m.# value is amaller than 1/2 of the sllowable deviation £y [ delts

2 T 2,0m for & terrain slope of 5% and up. -

For pictures on a 1:18,000 scele, made with & eamsra having

. fixed £ = 115 mm, the central relief error in the horizontal paralax -

‘ of»mb; 0,025 maa, eorresponds to a median elevation error of

, 0.72 m. This wvalus is smaller than one half of the allowablo o
. deviation A = 4 1.5 m for a terrain slope as low as O to 5%,

L. After evalustion on a universal machine, it -is comparative -

f ely easy to determine from the evaluation record of plcture pairs
" the necessary elements for svaluation on & steréometer, which when

done by the well-known differaxrhiatian method ia quit.e oxpenaiva 1n

' terms of the time meeded.

For avaluation on & at-araomet.ar, it is necessary to know the ‘  En

~ lengthwise slope anglesP L énd ?f the difference of the cross«

wise siope anglea of the shots A w, the height of the airplane above
Hv, the base point for relief esvsluation, and the phutographic base o
on tha sule corresponding to the height of flight Hv. -

“The leigthwise elopes €P and differences of the crcssviéa

'viaclimtmmAwhme ¢ be known aceording to (2) page 155 with the
_Acsuracy in&ieated in Table 1, :

| mme1r o

:’m ma ..,Wa[ftl;!.__“ble Dwiatimna in- tea .
. ¢ e
} DI B N S BTN
BT L qo . ll‘, i T

The matual angles of inclinationfd t’? andfAw after orientation of
..pleture pairs on universal machinea of the first order are determined
_with @ median srror of approximately ¥ 2!,

When esleulsting the elements ﬁamd p fov evaluation on a

 stereometer ono must take into consideratifn the different meanings
- of counting the dagmaa of lergthwise eand crosswise inclinations on
& Zeiss storec-planigraps and a Wilde awtogreph,

If for the evalustion a Z:eisa swreo planigraph was used, then

3 |
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1*&:‘1‘% Waluati n ona
s Fknn 2 Wiléaggmmh
Ele e . 6366 (WP"”"?’L}“GO“ Yo . 6568 (Up"*tm)
rﬁhereﬂwmemamrwaﬁm‘: :

: - e : whered‘“lmm
_and r = 86 ms, ¢
The values amig@are calemlated from the relative lengﬁkp
- wise and ¢rosswids inelinations of the pletures. The record of how
~ the relativa and absplute erientation was earried out mmst therefore .
. be trsated with such sttention that, especially after evaluation en
a Zeiss stereo planigraph, the actual lengbhwise relative inclinatien
of the pletures is taken into the calewlation of valus e
Checling the setting of anglef3 on a topographic st eveometer .
~ean be done only if in the picture palr & eamwal elavatien point S
is detemmined., :
. b) Por evalnatian on a topographiec &tamemtsr, the &1 lowable .
 photographie altituds deviation & mwat not, according w (2) paga ’
. 182, exceed the m}.ue given by amplex &qzzatim : .

[P [ O

where du denoctes Lhe allawsble éeviatian o.r elevation determination.,
For the ploture scales under considerstion, and on the assump- |
. tion that dh ehould be get at a median error of ‘a' 0.5 m, it is nec-
. essary to know the altitude of the airplme with the awamay ‘shown
- in Table 2.

L]

i - -,@‘@r mxm haight
A {?amtam S@«ﬁ:@ of JR-R 8 3 o5 ,{
Table 2 samera . the shea‘b ““5““""[&1t E"éa'ﬁj .
.. ifocus, v %ﬂ ey of p.p.ma
Cin mmen ‘ M idR, i meters
Cigie ) rewseo 09z 4w
116 1:18000 | 86 | 10

[ R el

After carryieg out the sbsclute orientation on a universel machine
of the first order, ths height of ths flight is determined to approx-
* imately 0.3 (}/00 ti. ‘z'ha altimdea gf tha rugm abave gea lew}. fax'

D
OFFICIAL USE ONLY




o

S it g

[ the left picture Hpj, and the tlight altitude atove sero for the right
. pleture Hop is datermined from valuew on a 2 column, This s done -

i
!
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for the left main point sgy, for the right main point sgp and for

) | -the sppurtensnt elovatms above su J.ovol hm, and hﬁ? aecording to-
{ sample. B ‘

tions ‘

vy inoed maotolpa

x}' ;‘F‘(bﬁf’ § E

"“N st lignifiea the seale !mhhar of the model. The elevition of . =

the f1ight above the peint of departure for evalnating the lefi -

pieture is determined according to Hu;, = He)L h‘v md similarl:v for v

the right picture H,

¢) The allows gla deviat.i,cm for detemining the baste scale for

photographing the point of departure by, again mmst not, aceording
(2) Fage 19% exceed the valm gim by saapla equation »

 Leta, uh l?meddh .-+o.5azorﬁnsom, the v&lue or
4 0.70 ma,”

After éarrying @ut the absolutc orientation ona’ univeraal

 machinie of the first order, the distance of the main polnts b' in

i the evaluating scale must be given with an acciracy of approximately .

equation

0.2 mm, From the measured distance of the main poinis b! on the
racing of the relief points on map scale 1: M, the baze line for
plwtogmphing b &ﬁzor avalu&tion ona Zeiss atereo-planigraph ia

and after detemimtion on ttm Wildﬁ“antogr;izh éécording. t.o aaupls

—~ Mw -‘W,w . }

' For evalustion on a st.areomter, it is, , homver, ‘necessary to

" know the basic photogrephic scale corresponding to the height of the } -.

flight above the peint of dererture., For evaluation on t.he righb
picsmre, thia 13 gi,wn by the @mple eqnation )

bv b, £M_
HP
and far ovaluatwn on the left picture

v

For °°m“w‘-«dﬂtamﬂiﬂ8 the necessary elements for sterso~

- metric evalustions from the opsrational records of the. relative

..and abgolute orientation on wniversal machines, it is basic to know

5
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_ the zero valuss of the individual scales on the universal wachinss

. as well as on the sterecmster. = e e

. JII. Prepesed Working Procedure for the Use of a Topographic Stereo- -

| peter for Checlding a Photogrammetrically Dstormined Bellef. =

) Wnen using & topegrapaic stereometer for checking rslisf det-

eminations, the procedure is as fcllows: - :

. 1) Check the settings of gerec values ot all scales on univer-
sal machines and stereometers. | , e

: 2) When msking stersoscopic examinations and before evaluw

. ation on universal machines, mark on the positive copy of every

 pleture pair on survey paper a number of points which in essence

' would detemine the skelstom of the terrsin. If possible, select

 sach points for the territorial skeleton as would be the object of

. positional evaluation on the universal mechine. . ’

3) After carrying oub the relative and absclute orientation,
enter in the eveluationsl record the values of all scales. From
© these values and from the valuss obbtained after evaluation on the
. universsl machine, csleulate the necessary elements for evalustion
- o & sterecmeter. - - ' L T L .
: L) After evaluation of the ischypses on the universal machine -
' detemine the elevations of the marking points on the terrain skel-
 eton and, unless theze are the object of positionsl evaluation, mark -
. also their position on the txansparency of the elevation points., '
. 5) Prom the given erientation points and necessary eslements ...~
. determined from the universal machine evaiuations, detemmine on the -
 topographic stereometer the elevations of the terrain skeleton - o
peints wiich wers marked out on the plctures as under point 2) above,
6} Comparse the elsvation points deteruined from the measure~
. ment ‘of .the individual points on the sterecmeter with the points
. determined on the universal machine, or with the values determined
by interpolation of the ilaohypses. R : o
‘ 7} If the compurative resulis do not sxceed the allowable
' deviations for slititude representation en topographic maps of
scale 1: 10,000, asswee the altitude evaluation to be suitable. In
 cages of large differences, after exchangs of plctures in the stereo=-
meter carriers and after using another orientation point as & poimt -
. of departure from the evslustion, repeat the evaluwation ou the stereos
" meter and, ascording to the rssult, decids whether it is necesaary to
. echeck once more the evaluation of the picturs palr on & universal ‘
8) In cacas whore a repeatsd svalvation on & universsl machine.
. was necessary, compsrison of results from the first universsl machine
‘evaluation with the evaluation results on the topographie sterecmeter
will make it pesaible te decide which evalustion 1s correct. It is
1ikely that only occasional and unlmpertant instances will ccour
 which would make it necessary to undertake & field check.

6 ,
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; fixed £ ® 210 mm snd for- t.he second map shest with a eamora with
. fixed £ = 115 mm,

. of each picture pair. In the repert which was smbaitted for judging

3 4 ﬁha ‘evalustion of a large mumber.of plcture pairs, it would be

[ Ustredni Sprava Oscdesie a Kartografie - Central Administration = |

. whick pletures of the £ = 210 me camera wsre used, 7 pleture pairs

OF?IQIAI_- USE ONLY .. ,.'
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IV, sumed hdvantares c>£ Checling with a Topopraphic Stervscmeter,
1 ’fho ‘saggested mesthod of photogrammetrie cheeking mbicipatog

t.ho use of machines which are availsble and are not being used for
the fulfilipent. of planned tasks, - 4
2)  To carry ouwt the suggested phetugrammtric check of & map- -
sheet of & 'forest~free territory, enly ebout one half to one guarter !
of the necesssry porm hiours for photogrammetrie evaluation are nece |
essery. This would afford a considerable tims ssving as ecompared |
with the time nesded by the currently used method of cheeking. ~— .|
3) On the besis of stetistical data concerning the quality

pessible to weigh the necessity and extent of checking photogrammete
rie determinations. It would also be pozsidle to determine object-
ively the qualitative rank of the individual evalustors, which would .-
ﬁgmm tlmir desim 'oz:: do higtmst, :ma‘&iby work on. saeh piemm

Yo .

4) I'o determine the elevations or indivi&ual peinta on tape—
graphic steracmeters, it would'be necsssary to train within 1 ts 2
months new workers whieh wonld be better suited for werk wit.h
universal mschines, . -

T

. The proposal to use t-he Dw‘e&rwv topographic vs‘bareemeter
STD-2 for checking pactogramnetrically determived relief on a
1: 10,000 scale msp was sccopted by the contest Jury of the USeK -

for Gsodetics and Carbograrhy / as a solution o study task number 1 |
snnotnced a8 a contest among improvers and inwentors for the year '
1957-58. It was handed over to the Geodetie and Topagraphio Instd.tutc
of Prague for verifieation. ;

. Engineer J, Sima was entrusted with c:arrying ‘out the tost. He |

! used the suggested msthod on two 13 10,000 scalé maps, evalusted on !
. undversal machines from photos of an approximate scale of 1t 14,000, -

The pictures for one of the mep shests were made on & camers with

Por svaluation, eepiea of the filight plobure were nsad on
photographic survey paper. Within the space of the map sheet for

wore ¢hocked, On the map sheet svalusbed on the Wilde A5 sutograph.
from pletares with the £ = 115 mn camera, 11 picture peirs wers o
¢checked, whereby 30 to 40 control points were marked or the surface |

' %o the technolegical department of USGK and to the technical inspec~ :

" tion department of USGK the elevations marked on the topographic .~
 gbeveomster wore compared with the slswations determined on the

. Zelss stereoplanigraph and on the Wilde A5 sutograph. The latter

- were assumsd to be correct.

7 .
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! The wm«.‘.’my.&m* ;Lfspammam af ﬂ:ﬁg tm t«ee:hnical mm%mn
| department sf USGE and the technical inspestion departeent of G
fﬂ:ﬁdﬁti & Topograficky Ustav - Geodetic and Topographie . S
stitute / shecked the elevations of 93 points within tlis space of
5 pieturs pairs of the map shest which was made up from piawms -
o the photo-vsaars with fiwed £ » 210 @, Jb algo checked the
‘wlevationa of 171 poibts within the gzpace of 7 pleture puirs on the
map shect which was mads with a amm with & fixed £ # 115 mm. For
% of the 12 checksd plebuse pairs, the cenmtral. contyel point was

moter, go that the effechivsness of checking. wit:h & stercometer ‘_
eculd be better and move relisbly judged. . .

: The roview resalbs of the USKX technical impwbic:m did m‘b

fully. confirm the pmwwmsly aaumd soeuracy 6f detemining a:!fs:w-
 itndes with a tepographlc steresmeter. It was the opinion of the
i technleal inapechion toam that the resson fer this mey have resided |
i 4 the lack of mrim% m-m evalustlons on & tfsgmgmgﬁxia swme- L

i nwt.era : o
' In the caw af tm p;%um& made with the £ = ,.:m mm wm it
. was Judged that the sterecnster could probably ohly be used mr o
finding ocoasional. B088 atebakes in the detorminatioma, I

proposed solotion inelude compayisons of the elevations of pointa
interpolated from the relief by mesns of the wiversal method, while
the sltitudez are distermined taahamwlcam on 8 sberesmater.
: In the cass of pleturss taken on the £ = 135 mws comsra the
pragibls use ¢f the topographic stevomster fop re:%ief eheécking of

ths reases Yor the wromg cﬁw&armimt»ﬁw of ona of the pwmm paira .
.’q.a dotormined,

Sisa veposted the evaluation of some of the pleture psirs by twing o
a procedure whieh checked also geveral vamm; teken over from m
relstive and ebsolubs erdentabion récord of & wniverssl meh:im

? 1} The elemerts for mubtual ovientation were numerieally.
dstemined en a mepam‘wr on the basls »f the messured ‘
It becess apparent t.h&t aemml m},was oi‘ the

g
X
8
i
1

m%z‘dﬁﬁa :
2) The Lengma af Mm phmogmphic base linss were measured
; on 8 stspesowcasparabor, eovracted for the longitudimal angle of

’i inciination, snd reduced secording to the height of the alrplane
1 above the point of departure. ‘The wrong caleulstioh of the photow .
gmp&mﬁ b@m lima tmm val uss datemiwc% with tha miverwi mt,bad i

[

measared. 7 plotums palrs wers Malmta& from ouly 4 eontrol p@inﬁg. o
| The Tachecmetrieally mezaured elevations wors comparsd with values .
Cdetemmined on usiversal m«ehiz‘smz, % mll as on a tem@;mmic mamm

recoumended that Durther tests for verifying the usefulness of thé S

the photogrammetric determinastion in sdniesible on cordition that 17

In order to dsterming the reasons for bome unexpectsdly lazrga
¢valaation devisticns on a topographic stereomeber, Ehgineer d. ST P

e
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was the one that exerted the groatest influence on the result of |
the first evaluatico en & stereemster. This nappened especially -
with pleture polirs taken from grest helghis. o o -
: 3) fhe determined sliitudes wers chscked by meens of double
1 avalustion en a stereomster and, in the sascond case, after inter-
| ehange of the pistures on the stersomster earrler and after uslng o
| auwother contrel point es point of departure for the evaluation. The
o ghetcgmphie ‘pase 1ine and remainlng svalustion elements wers recal-|
gulated with wpsgard to the new point of departure. ' s

5  After ‘cempletion of the ealeulsblons, the' sltitudes determinmed
| with the sterecmeter were comparsd with altltudes determined om - -
wdversal machines and with sltitudes determined tacheemetricslly.-
: If we assuus the directly measured sititudes te be correct,
‘| then the aceurzcy of protogrammetrie height. datermination on & SR
| universel machine of the Pirst o¥der aiid on a stersomster, when takean
from pletures of 11 15,000 scdle mads In'a Oy = 210 cnmera, i3 express
‘| ged in Tabls 3. Pletures on the sime scale taken with an f) = 1l mm,
.| esmeva are shewn in Table 4. o L B
4 In his conslusion of the report regarding experimertal work with
| g topographiec sterecmeter for ehecking the relief of a rhotogramuet- i
rieally prepared 1t 10,000 seale map, comrade Emginesr J. Sima is v
of the apinion that the basic assumption of ths preposed method 1s
| seslistic that elevahicus of well identified peints in ferest-trse
| tarritory can be determined with a median errvexr of U 0,025 mm in
the horisental paralax. . . . T '
 This opinion is also confirmed by the ‘experiences of the
geedetic Ingtituds in Bratislava where the iniilatlive of comrads '
Enginesr J. Hagary indtiated the practical application of the pro-
‘poesd method alrsady before completion of experimentel work im the
geodetis and topographie Inatituds of Prague. L
- The locture was presented by Profeasor Baginesr Drs J. Klo-
- bouesk, CVUT (Ceske Vysoke Usenl Technlcke — Advenced Czech Insti-
tue of Technival Studies), Pragus, o | o

Rafzrancea: . S ’ o T ‘ :

. ‘e Sokelove, ¥. 4. "Certaln Problews of Aerephotegraphie

" Computation in Medium and large Scales.® Trudy ToNIIGAK ~
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2., Cereencva, K. M., Aceretko, A. K., Posobive po foto-
gras-setriehesiim rabotam (Textbook of Photogrammetry),
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~ Lacturerts Commentss .

. Like 11 fisld measurement work the fisld revision of topogra~ |
hic maps mada by means of phactogrammet ri¢ methods, wiieh mow iz the e
_peacties in onr countyy,-ds sostly. It {s known that the measurement.
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1ine inberpolations on the obhed hand, is rather wnrelisble becsuss
the ldantifiestion of the points is net well assured. Yoo extensive
chesking with 2 steveometer cannot be done, This method brings to
Light only & few rough srrore which should net even appoar in a
esreful evaluabion on a wdversal machine, Since the origingl
svaluation wae carried oub on & meshine of Lhe flrst opder, whlle
the stereometer is & machine of ihe third ordsy;, generally lesse
socurate, it may heppen thet larger deviablons appear in stereomeber
¢heeking of elevations, end bhat It then bhacomss necessary to carry
out still arcther stersomeber ovaluvstion after having exchanged the
pletures in thelir carriers, and finelly, in some cases, Lo G0 & naEw
evslushion on & sterec-planigraph. -Howsver, just because the some
rhotegramnatric hases wers used 4n all ceses; the check thus carried
out is not nevessarily relisble. The check results of the 1550 S
teshrdcal inspection did not st first confirm to the fullest exbtent

the originally essumed soeuracy of elevation deteminatlicns by ma&ma';

of topopraphic stereometers, ALl in &ll, one can, howsver, sgred
with the opinien that the elevation determinabion of walleidentifiad
poipts in unforested territory can be done with & wadian eyrvor in
the horlsontel paralsx of T 0.025 mm, For the glven case this mesns
an securacy of slevation dstervinations of well idertified points
ef“f'i %, However, work with 2 stersometsr demsnds a good and well
trained worker. In Bratiglavs, ancther photogrammebris apperatus
(o stereotop) proved to ba betiter than & stereometer when used for
gimiiar purposes. Some lnstiitubes have used the sheraopetar Lo &
Yirdted extent only, while other institubes or vhetogrammebric unite
do not use the stersomeber for thése purposes apd dontt even intend
to {rtroduce ite use. Kesplog extensive and costly topographle
fiedd shecks to & minimum 1s nesessary, howsvar, and the best way
o sehieve Lhis will be sn improved evalusbion on unlversal machines .
as wall es good selsetion and training of evaluaters befoxe they
begin to woerk on thelr own. Convenlent, and et ihe sams time simple,
chooks will have to be worked out for the unlverssl machine evalue
atien of every pleture pair in order Lo reduce to & ainimun the
often gbill necassery vopogravhic fisld revision.  Biperience to ‘
date, howsver, seems be indleste thab an sdequate topographic flsld
vigion is sometimes unavoidakle. S o

Signed: Prof. Engineer Dr. J. Eloboucek

10,564, T
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