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A 1-'C.L;T OF VIE'./ CN 'rl:E DI'J.D.' ;·c ~ T.S •• !L"..I.N ;,tCD ,;L 'ITH ii.EF.GRK·.JCE TC' 

Bucure qti , :lomt::.n ia 

A b c t r a c t 

r h o nuwcrous ~ .ieci lized · c·r l:: s ,,.,. ,ich h :::,ve be en y.n.;;.blished so 

f a r e m Jh''' size .:md, v:e mi cllt s ·.y , solve the ma the m .tic o..l treat

ment of the clic;it ."ll terrain model ( DTI.~ ) by usinr; an infinity 

of solutions , but they do not tell much from tho to:_t)o t;r2.phic

a l point of view. 

St , rtin 0 from the m·1in fo ~ • . :J of relief \':hj.ch ·.v e f ound in no.

t ;: re, the 1)resent re 1ort examines tb ~ ce .ection of t .e charac

teri.; tic n oL1ts ~ d the ,,10 C::. liti cs to ,:, c fin _ tLem thrm.J.r_;h 

t ·1e:.ir ui t;~i t a l model , t:J.L;:in;: L to ~ ccount t:w . i~.y in ·::hich the 

d :..1.t ·' : T C obt · .ined ( to ,)c ct::t"1. ')hie ;!.nd rihotcgr~ t'1 .. ~etric methods) . 

'.!:he ·ut llor ;:ives .. ;.2.t a ref c rrin.~ to t~ J.C 1111.1ber of point s con

~; j_lle .· ei: n e e - ~r..~: \ry for ~\n !lccu::r·o.. te deucJ:i ;tion of e:"'.ch of the 

i'orrti:J of relief , ·;;hi,. i1 '1-rc c :;c. ~r , inea i :n :1eco1d .:lC e ;·d th :.he 

ptr •or· e '.7e ·lur .. ,u.e and · .. ith t i e nlcttin_r-; ~ c ule. 

The · . . )er out l i n e s the t ,c ·,lcS of u :Li ;i t:1.l mod el s .·::1ich s'lO ·.ld :.e 
do ,ted ·· u r,·cll cl.S t l e rules to e ·~ine t h e: rr: ( eel .ction, re

c ort.1in '"' , CO (~. i lG ) L1 t :w . t c- reo Jl o .t er or in the terro,in . 

I n t r o d u c t i o n 

~:h nY·,[;:Ji ve -rrm;t h o.c· L vc._ t ·· e 't :_, i "' cu.r c c ur_tr;y r cuirc s lilOIB 

-nd l . r G topographical ~.tu.clics · '1c1. consequently an ever in

c :.. ·c cL:-; ng ucmti ty of d csi ·, 1inc c lc "L l a tions. 

As rec 1 t - ~' nd !ll E.> o t c.::i n ;: into -.ccount the e0uip t. i n u . i th 

the existinr;_; and ever developing c · .lcul :.tion technics - we 

h:~ve pa sl:.;cd on to t .l L; :Juto .. : ~ tic ... : r:r.'or1 ;:'XJ.Ce of .. n ir1"lort ' nt 

~ u ntity of C"' lcul .tions .:it:1 the J.tc l· of c o~:putcrs . 

:Jut t:i.1e .1 t ~l ctivi tJ of c u JJ. ·L 1. · to >O:'_::r :. 11· c 1 ,, · t . ~ ( ob-

t Lwd. eit h er t :1r <... 'J. h cJ:~.s: .. ic .···l or .-.; c ct cre~~ ·-: ... ,.; tric ;tethodc ) 
1101...1.hl. be o1·" 1i :.:e' in :-t s _. eci ·1 n:J.y to ·.llov; t :1e ·- irect .:::, 1- ; 

J...l.tc ... :..~ted. .:i:oc ccs in::; of d ·~t. ~ . :: c lCe it is .. 1 .ce ,... ~ .. :~.ry that dif

. c:r·ellt te.~ · .. : ~~L1 LO.i cls s joulcl be .L.· r;m up i·'l '.ccord · .. m ce v1ith 



e ach ui tu· tion occuring in the com..'!l.on Jr ctic · .1 :1cti i ty. 

I J ~ he l ~st lL-15 ~ e~rs , t h s 0 i ~it ~l model ( includin~ th~t 

of -~ h :.; torr - in ) :y·s "roused 'l. :::; eci a~ int erest fro rr. the m' •th

onn .tical p oin t of vievv , ~md m n~r s lH:.ci ··'.lists t .. 'c:\.led this nro~ 

blem, so t :m t nu:~crouc ty:p s of such di git l models ( ., ·hich 

c ::..:.n be 1 · ced : n.on.~ the t :i pes Lt.: ic:J..ted i n fi g . l ) ac vlell 

a s the corr cnpondi~s coiJ;•utinc; ·n·og r ... . ms h :-:> v e be en crea ted. 

U_lli b · oth·:.-r di t~~i t <:".l models , the di ~~it 1.1 terrain model i::: in 

moot c· w es verJ comTJl ex • ;. o ~ t of' the tl i g i t :::.1 models ( of 

builuinc, o:f.' t:w ,:::;round v.r ~t er level inf erred from measuremeniE: 

c:...t discrete points etc. ) CD.l"l be defined either by using con

ventiona l c e o .. ,ct r ic eleHlents or by the doption of more or 

less com1 lic :::.ted m::.thenv·,tica l nodels as v;ell s of the close 

m:·ctllem . .ttic ··i.l mc t h oc s of intcrnol··tion ( liGe r, of urfa ce 

etc.) of the necessary elements • A.t the same time , a s r ec:ards 

the d i :;-i t :1.l model of a sur face of terrc.in , y;e c .:1.n find a rre

.1er :.1 mather. a tic .. ~ .l rtlle of definition only in ~,·;.rticul '"'-r c <:•.s e:; 

or f or limited areas on ... ccount of the umerous " a ccidents u 

of t :te .:;round . 

Con e r: ucntly , the dig i t c.tl moc«~ls of the : round \ .. thich : o.:ve 

been ·C.o .:>ted , .J.d m: d e lmor,n in thG s peci ::-- lized liter<:~ture can

not be con: i ..:lcred r;enerally v ;.lid, , c they ·:re only incomplete 

s olutions of the problem. 

But .. uch -p ... rtL l Gcl.utions rc11der :nore ,.., nd r:J.O .: e <lifficult the 

_1 l':nnin "' c.c t hey ')l~i 1 l ~ ..... bout ei t11 ~ r the interru ~)tuion of the 

'1.ut o_.n t c;d t c crn-~olo t::ic :.1 process or erro~1.eous int c r pret Qtions 

of the n.ctua l oituation. T':'terefore it is ne cessary to discover 

a new ·way of a !'lro;' .. ch j_nr.; the ~~roblcm of clrav,rin.~ up di .:·:i tal te::t?

rain nodels. ·, ·e ·~houl(l return to the vm.- of clefinition .'l.nd 

dif i 'er E.ntiation in t~w stereo .)lottinf'l' of the v a rious forms of 

relief ( ue r:;irming '.'Ji th t 1e simplest :lnd endin "' with the most 

co aplic o.te d ) and revert to the bc~.sic :~no-7l c c1se -:-·c 'i.e have 

learnt it froul cl .ssical trec.ti s~s of top o.::raphy ~nd g eo

mcrpholoe;y • 

3 t :J.rtL c; from ·h -::tt h c:>.s been stated . .., bove , ·::e hav e tried to 

outline the sequence of the neceo .a ry oper '1tion s f or the def

inition of a terr '"' in rc ... "ler a l dic;i t a l model , 'l.S •::ell :".s the 

mod -:.li tics of generali LLg D;'l points •;.rith e :::: t d.bliched eleva-



tion. o~e f orms of relief ~hich fr~~u ~ rlly me et in the ~reas 

where 1 ~.nd recl~m~tion v:or~<:s are JJl~-- ned or c ctrried on. 

Tho ·.w.y of ,_r :.. .-.·,-ing up ~ terrain e e n eral ic':i tal v·wrk model 

If ·:.~ e c: ~ s id er - stretch of L ... nd f r m the 1~10 st co .... ~.lex e'""'rthly 

curf .ce , ·.vi th all t : J.· t h a ..... been mad e on it, '.':e see that it 

consi "" ts of t a ) horizont~~l zonec ; b) ....,lapins fl r-<.t ~.reas ; 

c) ~·ently r lled ., rcas ; d) ::_lO'.;erfully rolled areas ; e) no.t

ur :..>.l 11 accidcnts" of the t;ro'lL.d ( p G ... ks, ridges, brea~:s, steep 

bank:s, r::.vines, debouchments, ~:u,;u-:l elons, \ pressions, : . olcs 

etc. ) ; ~:.rtificial " ncci C:.ents" ( b •tt rs, embi:L."lkments, other 

c o.1 2tructions a. s. o. ) 

" he forr.1s of t ~rr2in :~' 9·- cified :-:_t 11 a", 11 bn, nd "c" lend them

~, el vcs c ~ L .. ily ( vvhil e t!:losc i:lClic:d; ..: d uml cr 11 d" l end t:1em -

sel ves l e s . e <::L .ily ) to t 11. ir bei~JG co vert cd L to a mo1 cl. Dut 

the definition Of ·;J tLC forms Of terr·• in Or or· t he ir C.l terations 

8.8 ....,_ con eqnc~ce of the 11 '~ccidcnt ~-o: " -:-.entivned un. e r non . ·nd 

t1 f! l i c ·_l vm.::rs (~ i fficul c roncl leads tc t~-i e T) rtm.cul .:.ri' s , .tion of 

e ch Lli:· ~it- l mcl.21. 

'.i herefor::: ,·.·h e r; ·::c clro: .. ' u p.Jc ,:rin t c ~:aiY u a di ~;i t o.l mod e l of 

the terra in ·:;e have to ; roceed as in the scheme . . ~wwn in fie. 

2, that is to say v·;e must st ~ .rt with the delimitation of the 

forms and naccidents" (a~. in the exc:mple s10wn in fig.3) and 

·:·i th the selection of the types of di t:;i t~ll ,_ oo. el ( ,~ cfined as 

in fie;.l ) fo" ec.ch d Blimi ted are:t ( t c ·ule 1 ) • 

Therefore the terr ::-..in dig i t r:.l 1 ~wdel ::::hould be built up v.'i th 

the help of , Sf:'t[.'.ll~r or · ..::rc ·1tcr uu:.";.ber of v~rious t,,r p e :::: of 

die-ital .odels , 0.cpe. dine on the exicte .1ce or bsence of the 

nc.turul or -~rtificial 11 ac :_· i d c. Lt s" of tLe crou,.td. 

T:1e v Tious s impli f ic - tions 'lhich could be co .. siJered ·;,:hen ·.:e 

c1r::JYi up th· g en eral model of the terr:::tin st :~rtin~: from the 

pc;culi [·tri ties of the pl.:: .. P .. :rlec1 lc:~nd r ..: c :tla::- .tion wor1cs (levelling 

w: ·.t er d ~,; li very, m~~in c .. n~·.l, c:.:_ ains, ,.,odelling, fill inc up of 

r~,vine ~.:, dn:ina~e on ....;lc- TJin ·o; l .. l t"H3.G, con:::;olicL.tio i of a land 

;::;liding etc. ) .__;hould be ··)erforr. ed only if they ,lre in accorcl

:::-.nce -.:i th the ... ccurate de f L.1i tion of the terr ::-- in <:'.nd do not 

leD .. d to ·n un:uer .ii tte .. ::eneraliz..:..tion dur inc; the further 

ut - c es of designing. 



The ~ el ::: ction of ch··tr .cteristic lJ oint~ of the nutur.:::1.l a or ::-.r

tifi cL:~l 11 ccid onts 11 of t he ;:.:rotm d. 

_ i L;1..1.re 4 l1 .c ' leen for:ned s·~artinc.; from tlw ""everal typ es of 

relief enn tc r :-c:ted a t n1 11
, ·:.'here v:e :1.av :: merd;ioned the c '.w.rac

teristic llOin.tc .. 'hich s 1 ,oull~ l:Je ~; elected for the , ccur .J.te 

plottin G of the respective for .. , of :;round. Ta bl e 2 h a ;::; ;oen 

c1r -.··m up on the h:~sis of these p oints • It ;.;hows the L: •.. nsi ty 

of i. toi :_;'1t :voin ts nece. ~ .cry to - ~ccur: ttely define tho si tw tions 

-.·,·ith ·.:hich ·::e r:.et. 

l 1e · .. ' ~ ·.:y to ;.; el c: ct ( in t . e terrain, on t '1e orthophoto _,:l c~.n cr 

in t :-1 :::;tereo plottL·tr; d evices ) the ·'Joints cle f inin.:-s the f or-rrs 

of ~-elief or the na ccillen ts 11 .,i .t with ;1,re of utter imt~ort&J.ce 

at t:1i s st ;:. ~;e. 

For L1st <..ncc, let uc t..1l:c the c i ~uc:tion r;ho·:::t'J in fi (j .5, ·.;hich 

h .. ;: ~Jccn dcfL1ed •a i th t: 1e help of o. stereo nlotting inc tnx:,.e:-t;. 

In s imil ~r C LGcs it is ncce~~a~y to ~roceed ~~ follo~::..: 

o.) fir :.s t · .. :e .:. hov.ld s r lect :.....1d record coL.mul~:.ory oin t::.. for the 

definition of the 11 :J.cci J.ents" of the ; ;rou.1cl ; b) the!'l '.le :..;hcul 

should select 2.11.d record the points de i' iD.i l l{; the connection of 

the n:::..ccidcnts" •;,ith these for:'Ds of reli e f ·::hich ca ... '1.not be 

c:>.s ily cl :::.csi1 isc1 ; c) fina l1y,r:e ::: r10uld Dclect ;:md rcccrd the 

;Cints 'Nhic ... l ~J .. ro li nJ~ed v:i th the c01.1 Jlotion cf t'J.e relief . Cf 

c ou.rs e, · .. c }l. we t c re c orcl elL tinctl~r ( o e:_;ar2.t ely, if -:J os::.: i bl e 

- ~h ·. nece8sary ;oint :.; for t :~e fur t : ter 1)10 ~tinG to :J. cert _.in 

;; c cLlc of the field ;..;itu::..tion ·::Lic.l is di t., i tted ( C::.e "endinG on 

the pl otti 1,: :!Gssi bili ties ) • 

Nn.tur::-dly, if vzc ,,. ·ere to p l ,,t ~ he s ·• .. me oi tua tion by me. ms of 

con v cntionc:.l ;, tso.;:_; ue·l.ients ( i n cludinc; thc ec:uip: t _nt for dis

t:..'..nce ,.:o cv . ..>urements t h roug:1 ·:,•aveo ) it '::ould lJc very dif .ficv.l t 

to fellow· the scheiDe g iven .bove, lJec ."J.use then the cper:;.tor 

.lectinb t:~e ·;oints c;llould be not only a ~imnle doer, but 

he :::..h ould be ::1loo well a c c u :::inted . ·:d th t :1e tcrrc.in _ nd the 
.C" • .1. 

O.L lvG : cner :1.li :;;:;a.ti on • 

·..ra;/ s of ·ac .~. ·~ ~il1 '3 v:.:i th v ri ous t y pes o ' ci. i s i t ~1l t erro.in mod els. 

:r.~~·w ~i tu .. tions c n be d i;..:tinf:uisi:wd : , ) t ~1e f :; rst is lini:cd 

·;,1 i th t h e utL.i "'at ion of these mo l els fer the dcsicning calcu-



lation p er ..C'or.r,ed _-:.ir c ctly on the computer ._nc1. in t:i:1is case the 

order of t' e autom'"ted processinG of the v0rious forms of the 

terrain is indi f' f erent ? b) t !le ..., econd is COllllected r:i th the 

plo t tinc of the. terrain und in thi;;; c 2.se it iB n c eG cary to 

begin the Jlrocessing r:i th t h e most comyJl ex forms ( those ~lav

ing clements of the typ e indicated under ueu ··mel nf" ) and to 

end with the simplest ones ( s ee t:10s c indic.__tecl at "a" ) • './e 

h.?Ve to t ake thiS courc·e bee lU::J e t he C01~pleX f orwS re quire iJ. 

very {'Teat number of r e cords or of pL ::nin:etric d r ox:ing , vtli.c.h~ 

can be cr "';qniz ed only v·i th difficulty on t Le respective ra:1p or 

a·G ::.1ny rate conditions the sc :J.le of plotting. 

At the s · ·.rnc time n e vnmt to 1ention the f:.:1ct th:-o.t v1e can talk 

::.bout t h e d i t.:i tizing of t h e terro.i n b '.r us inc only one h l.ov:n 

m, tL. e1:~ 8.tic :: 1 method, \"then r:e t . · ~~ c the l a nd L"l 1 -,rt; e , hence 

\.'hen · . .; e need i ther a ,::;enerf' l imac e or ,..c very det _ .iled one 

( but covering a s mall ..,urfa cc ) ~-nc1 thi u d epending on the 

scale of the modelled im~~c , on t~e t eculi arities of t h e ter

r in and on ~nhat v:e ex-:;ect f ro:n t l1e dic·i t a l rnud el . 1.1ere are 

t wo illustr ti ve e:c21. nles : a) "1" is a di[,' i t ._ tl model for the 

eleva tions of the r.::tibvay stations or of the :u-al th resorts 

"2 " is a dic i tal 11odel fer a ptun:-1inc; sta tion si tu::., ted on a 

fl c1t {'T ound which is to be levelled. 

C o n c 1 u s i o n s 

Th anal~ysis re ,___. rdintZ the use of the s .__,me ty:9 e of di ~~;i tal mod

el for a ~tre tch of terr-:.in includinG the n ,.;.tural . .nd · ~rtifi

cL~tl " ~ ·.ccid t nt s " of the ·:;round shows tho.t t h e results v;c. ob

tain ( e ::: p ecL lly re c o.rding the volumes of e c.rth·,:orks ) ...:.re not 

in l::c e p ing with t. e reality . There fore it is neces sar~v to di

vide ~.he :-•rea under considerettion into homoGen eous ~~arts and 

to adopt for each of them a dicital sub-mod el of the most ade

quate terrain. 

r.rh l. diui tal .nodel of ·:tn a rea where l and recl :;, .. ,ation ·:ror::s are 

)l~'nned, should be .'; or' ~ ed out of ::1 number of cpccific di t:>; i t a l 

sub-models . 

'.!!he qu o.li ty O ..p • • 
.L '~ ,;en ral di t"~i t :--;.1 model of the ter~:nin is se -

qured only if we correctly s e l · ct t ~e char2cteristic heic ht 

~·oints v:hen we draw up the v ' rious diGi t ::- 1 sub-mod-:ls , ;;hich 

sso. 



d ·"' ) ·-::nels on the c;uali ty 'of the O ~)erator wor~:in;"': in the field or 

of the ste-reo ulottinr; L ... trument anr on their capacity to c en

erulize the v~rious usu2l field situ~tions. 
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TYPE 

1 

The polnL. are 
pl~ced .t constanl. 
<.>r vanahla 
intervals on 
.. haight lines 
perpend1culu 
to a ~tra1ght-z.me 
or curve axls 

2 

The poinh 
are placed at 
the inf.enecbon 
of 'lame 
hori2ontal 
and verl.icd 
'lhaighl lines 

-Mach create 
a parhcult! 
of poinh 

3 
The points are 
placed \n an 
ubitr.uil'\j 
ifiv"n space 

SUB- TYPE 

A a)The d,~~nces bat'MOen 
DXM:C DTM~ The dahmceiO he pomh placed on the 

belw ... n '•he ah.•tghl hne .. are constant 
10traight hne ~ b)The distances be[w.,en 
pHp,.nd,cu1ar to the pomh plac<>d on the 
Ua ;ox1s are con~!ant ~fr .. i.ght line5 are vanable 

.B a)The dl5tmces between 
Th., dis.l:..nces the points pkced on \.he DXM;c UTM~c 
between t.ha ~t.-aighl: line& are con~ian\ 
~h~ighl: hn•s 
perp•md1cular l:o 
the -..is o1re vuiable 

A 
The distance,. 
beiwaen lhe 
hor12ontal 
shaigh~ lines 
are c:on&tant 

--
b)The d,s-Lmces between 
the pomh. placed un the DX~v DT~v 
&traight lme• ora vu1able 

a)The di~!ance& between 
the ver-bul stmght lines DXM 2 DTM 2 
are conr,\ar.t and equal tD c•c c•c 
thos• between !he hon-
7.or.l.al -<tr~ ight l\ ne" 
~~----~~-:~~~~r---1---~ 
b)The ,h,lances nelween 
lhe verhcal olraight lmes 

2 2 
u-e con,.t•nt ~nd dtffenmt DXM DTM 

(J<. C.lli:C 
from. tho,;• be\we._.n t h. 

1 
1-----------+-h"'o-"-J'-'·i-"7.-on--'t-al __ s t_r_o-'lg,._t"-lt_u_ tl__e_s_ _ t--- _ -i- ____ _ 

c)The dlstances between 
1 B 

EXEPLI FICATION 

The d,~\.anceE. 
between the 
horh.ontal 
straight lmes 
are variable 

the verbcal straight lines DXMcv DTM.; 
are varL1ble 
~~~~~---------+-· -~----;-----------------------------; 
a)The d1stance& between 
the vertical stra1ghl hnes DXM~c DTM~c 
dTe vaT_la_b_~-------~r----r--__, 

b)The d1sunce& b<>lween 
the verbca.l ~lra~Shl lines DXM~v DTM..:V 
are vanable 

DXM
3 

DTM 3 

ii_£1 
"'!l.U. u.. d_l 

.ti 

.x" It 1s replaced b!J the l<>H:er defJ:nmg -l.he na~ure of the d1g1!al model ( 1 e - T -lerram , P- project so 

Fig. 1. 1:'\jpes and ~ub-t\jpes of d!g1\al m odels 

The anal !>iS of the records or mea~ul"en1ents 

photogrammet.ric 
l.opogr<iphic 

Terrain configu ra-bon• or "accident~" 
to b.~ -l.aken into considerabon 

R.e'l.uirern.enls of various 
pro.)ed:s or stages of 

desl8'n1n 

'The s.eledion of the typeli of terrain digital models indicated for 
each of tbe lerrain "accidu~4" ( na.tura1 or artificial) or c:onfl8"uraho 

Fig. 2 

Measurem~nt and record. 
rnodahl:ies ok date>~ 

The -l:errai.n tS"neral digital model 

Tlw drawing up diag>·atn of a terrain g .. n..ral digita1 model -

552. 
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Fig 3 Dehmitatwn .,[ the terra1n conf1gurai w n s 0r acc1denh (area in the soulli -w-e~t of Dobrudja, 
on -\.he righ-t bank of l.he Danub e R1 v er) 

A- hori:z.on tal zones ; B - sloping flat areas ; C- g-ent ly rolled a ross ; D- powerfully rolled areas ; 
E - nat.ut'al terrain "acc,dentll " ; F- arhfic ial t errain "ac.c1dents " 

TERRAIN FORM OR ACCIDENT THE TYPE OF THE DIGITAL MODEL 
(corresponding to the notations ln fig. 1) 

Al A2. 
~ 

' DTMcc 

B1 B 25 
2 2 :1. :1. 

, DTM \rv - D™c=c' DTMc,o'c , DTMcv , DTMvc 

c1 Ca DTM 
3 2 -

' DTMvv 

D1 - Ds DTM ~ 

E1 - E13 DTM 3 

F1 
l 

DTMvv 

1 1 1 l 
F2 DTM cc ' DTM cv ' DTM vc ' DTM vv 

F3 
1 

DTMcc 

TABLE 1 . The selechon of the types of digital xnodel for the delimitated terrain 
f orms or 11 e.cc i dents 11 

• 
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Table 2. Oens1ly of the hP1ght points wh1ch arf' neCP.6Sary to th~ 
d efi nd10n of some Jerram conf1gurations or,acc1denls" • J 

• 

• • 

• • 

• • • 

• • • 
• • 

Fig. 4. The forms of relief and the necessary 
characteristic points for fhein plotting 
in a digital model . 

• 

Number of necessary 
height pomts 

32 

274 

b . 

280 

231 

*) The performed analysis is based 
on the resulfs obtained by 
Prof. Dr. Enginner N. Oprescu (2 J 
referring to the density of the 
height ~oinfs which are necessary 
m plothng the relief by mP.ans 
oF the facet method . . 



Fig.5 The selection of charucteristic points defining the forms of relief and the natural orar1ificial 
.. accidents" 

a ravine within the hydrographic basin of the Buzau River (terrestrial photogram);b -area with 
hollows situated north of Bucharest (aerial photogram ); c.- portion ot the zone of the Siriu 
dam during the excavations (terrestrial photog ram) ; d- portion of the headwater channel for 
the .,Carasu· irrigation system . 

• compulsory points; + supplementary points. 

sss. 


