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H paroÔsa diplwmatik  diatrib , h opo—a ekpon jhke sta pla—sia tou metaptuqiakoÔ

mŁsw Łreunac �Eufu  Sust mata Plhroforik c�, kai ta loip� apotelŁsmata thc

ant—stoiqhc Ptuqiak c Ergas—ac (PE) apoteloÔn sunidiokths—a tou Panepisthm—ou

Aiga—ou kai tou foitht , o kajŁnac apì touc opo—ouc Łqei to dika—wma anex�rththc

qr shc kai anaparagwg c touc (sto sÔnolo   tmhmatik�) gia didaktikoÔc kai ereun-

htikoÔc skopoÔc, se k�je per—ptwsh anafŁrontac ton t—tlo kai to suggrafŁa kai to

tou Panepisthm—ou Aiga—ou ìpou ekpon jhke h DD kaj‚c kai ton epiblŁponta kai thn

epitrop  kr—shc.
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Abstract

In this work, we start by brie
y discussing the 3D point clouds registration

problem and their approximate algorithmic solutions. We discuss the problem

of biased evaluation and the successful selection of registration algorithms that

arises from the abundance of 3D point clouds registration algorithms. Then, we

propose a protocol for the unbiased selection of the 3D point clouds registration

algorithms, which is based on creating a universal benchmark comprised of

datasets from a diverse set of 3D point cloud recordings. Additionally, we

evaluate registration algorithms with this benchmark-based evaluation protocol

in global and local registration problems, discussing the results. Finally, we

propose directions for further development of this protocol, mainly in terms of

expandability and automation.
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Per—lhyh

Στην παρούσα εργασία συζητείται η επίλυση του προβλήματος ταυτοποίησης

3Δ νεφών σημείων μέσω διαφόρων αλγορίθμων, και αναδεικνύεται το πρόβλημα της

αμερόληπτης επιλογής αλγορίθμων ταυτοποίησης για την επιτυχή ταυτοποίηση 3Δ

νεφών σημείων. Προτείνεται ένα πρωτόκολλο επιλογής αλγορίθμων με βάση την

εξαντλητική αξιολόγησή των αλγορίθμων ταυτοποίησης μέσα από ένα σύνολο 3Δ

νεφών σημείων που προέρχεται από την σύνθεση 3Δ καταγραφών από μια μεγάλη

ποικιλία διαφορετικών σκηνών. Περιγράφονται οι μετρικές αξιολόγησης των αλγο-

ρίθμων και εφαρμόζεται το πρωτόκολλο επιλογής τόσο για την αξιολόγηση αλγο-

ρίθμων αδρής ταυτοποίησης όσο και για την αξιολόγηση αλγορίθμων ακριβούς ταυ-

τοποίησης και συζητούνται τα αποτελέσματα του πρωτοκόλλου επιλογής. Τέλος,

προτείνονται τρόποι επέκτασης και αυτοματοποίησης του πρωτοκόλλου επιλογής

αλγορίθμων ταυτοποίησης 3Δ νεφών σημείων.
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[table]labelfont=bf, labelsep=period

1 Eisagwg 

H tautopo—hsh trisdi�statwn (3D) nef‚n shme—wn e—nai Łna jemeli‚dec prìblhma pou

br—skei efarmogŁc se di�forouc tome—c thc epist mhc, thc mhqanik c ìrashc kai thc

teqnolog—ac trisdi�stathc apeikìnishc ìpwc gia par�deigma sthn periballontik  tris-

di�stath apeikìnish, se biomhqanikŁc efarmogŁc, sthn trisdi�stath iatrik  apeikìnish,

sthn katagraf  thc politistik c klhronomi�c kai �llou. Ep—shc, Łqei jemeli‚dh sune-

isfor� sthn qronik� exart‚menh qwrik  anasÔnjesh pou e—nai apara—thth se dunamik�

metaballìmena perib�llonta, ìpwc sumba—nei sthn autìnomh od ghsh all� kai stic

dunamik� trisdi�statec apeikon—seic antikeimŁnwn apì di�forec optikŁc gwn—ec [1, 2].

Oi prìsfatec kainotom—ec sthn sullog  3D nef‚n shme—wn apì aisjht rec qamhloÔ

kìstouc, ìpwc to Microsoft Kinect   akìma kai apì kinht� thlŁfwna, ìpwc to i-phone

X, aux�noun taqÔtata thn sullog  3D nef‚n shme—wn. Par�llhla, h qr sh montŁlwn

3D apeikon—sewn apì kainotìmec 3D polumesikŁc platfìrmec ìpwc to oculus rift, vive

kai �llec, Łqoun san apotŁlesma thn aÔxhsh thc prosbasimìthtac kai kat’ epŁktash

thn dhmiourg—a oloŁna kai megalÔterhc b�shc qrhst‚n aut‚n twn teqnologi‚n me

apotŁlesma na kaj—statai anagka—a kai h an�ptuxh apotelesmatik‚n mejìdwn tau-

topo—hshc aut‚n paragìmenwn 3D nef‚n shme—wn. H episthmonik  Łreuna gia thn

an�ptuxh gr gorwn kai stibar‚n mejìdwn tautopo—hshc 3D nef‚n shme—wn g—netai pio

kr—simh apì potŁ. Ta teleuta—a qrìnia h an�ptuxh tŁtoiwn mejìdwn tautopo—hshc e—nai

ragda—a eidik� me thn an�ptuxh ulismikoÔ pou epitrŁpei thn thn dhmiourg—a polÔplokwn

montŁlwn beltistopo—hshc kai mhqanik c m�jhshc [3].

Me thn an�ptuxh plhj‚rac mejìdwn tautopo—hshc 3D nef‚n shme—wn se tìso mikro

qronikì di�sthma anakÔptei Łna polÔ shmantikì kai kr—simo prìblhma, autì thc an-
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tikeimenik c kai amerìlhpthc axiolìghshc twn nŁwn mejìdwn tautopo—hshc. Oi peris-

sìterec mŁjodoi pou prote—nontai sth bibliograf—a sun jwc dokim�zontai wc proc

thn taqÔthta exeÔreshc lÔshc kai wc proc thn akr—beia thc prokÔptousac lÔshc se

sqŁsh me mia proôp�rqousa mŁjodo pou jewre—tai wc mŁjodoc anafor�c kai Łqei  dh

apode—xei thn apotelesmatikìthta thc ìtan qrhsimopoie—tai eurŁwc apì thn koinìthta

twn qrhst‚n [4].

Skopìc thc paroÔsac Metaptuqiak c Diatrib c, pŁran apì thn an�deixh tou prob-

l matoc, e—nai na parousi�sei mejìdouc gia thn amerìlhpth axiolìghsh kai epilog  al-

gor—jmwn tautopo—hshc 3D nef‚n shme—wn mŁsa apì apt� parade—gmata amerìlhptwn

sugkr—sewn touc basismŁna se plhj‚ra 3D dedomŁnwn. DedomŁna pou Łqoun proskth-

je— me diaforetikŁc teqnolog—ec, teqnikŁc, epoqikŁc periìdouc kai perib�llonta, ‚ste

na dhmiourg soun Łna eurÔ sÔnolo dokim‚n ikanì na d‚sei amerìlhpta apotelŁs-

mata. Ep—shc, parousi�zei thn statistik  an�lush twn proseggistik‚n lÔsewn pou

prokÔptoun mŁsw twn diaforetik‚n algor—jmwn tautopo—hshc, d—nontac Łtsi stibar 

aitiolìghsh gia thn kat� per—ptwsh epilog  tou k�je algor—jmou, an�log� me thn

efarmog    me to e—doc twn dedomŁnwn pou qrhsimopoioÔntai.

H dom  aut c thc ergas—ac epekte—netai wc ex c: stic epìmenec upoparagr�fouc

thc eisagwg c g—netai mia genik  perigraf  twn 3D nef‚n shme—wn , twn sugqrìnwn

teqnologi‚n prìskthshc/katagraf c 3D nef‚n shme—wn kai tŁloc d—netai mia ekten c

perigraf  twn efarmog‚n touc. Sto epìmeno kef�laio (2o) g—netai Łnac ekten c

orismìc tou probl matoc tautopo—hshc twn trisdi�statwn nef‚n shme—wn, twn di�-

forwn upì-mejìdwn pou qrhsimopoioÔntai ‚ste na domhjoÔn proseggistikŁc lÔseic,

en‚ aitiologe—tai o diaqwrismìc twn mejìdwn se duo meg�lec kl�seic algor—jmwn tau-

topo—hshc pou aforoÔn ta araiŁc kai tic puknŁc (akribe—c) taktopoi seic 3D nef‚n

shme—wn. Sto tr—to kef�laio, suzhte—tai to prìblhma kai h shmas—a thc amerìlhpthc

epilog c algor—jmwn tautopo—hshc kai prote—netai o trìpoc uperkŁrashc tou prob-

l matoc. Stic epìmenec upì-enìthtec parousi�zontai analutik� ta dedomŁna nef‚n

shme—wn pou qrhsimopoioÔntai sthn mŁjodo amerìlhpthc epilog c, ìpwc ep—shc suzh-
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toÔntai kai oi metrikŁc axiolìghshc twn lÔsewn tautopo—hshc pou ja qrhsimopoihjoÔn

gia thn amerìlhpth epilog . Sto pŁmpto kef�laio d—netai Łna par�deigma efarmog c

thc mejìdou, parousi�zetai h statistik  an�lus  thc kai suzhtoÔntai ta apotelŁs-

mata. Sto Łkto kef�laio parat—jentai mellontikŁc proekt�seic pou ja mporoÔsan na

prostejoÔn sthn paroÔsa ergas—a. TŁloc, sto Łbdomo kef�laio d—netai to telikì

sumpŁrasma pou prokÔptei apì thn paroÔsa ergas—a.

1.1 Trisdi�stata NŁfh Shme—wn

’Ena 3D nŁfoc shme—wn or—zetai wc to sÔnolo twn dedomŁnwn shme—wn tou trisdi�sta-

tou q‚rou pou prosdior—zetai apì Łna koinì sÔsthma suntetagmŁnwn. Se Łna trisdi�s-

tato sÔsthm� suntetagmŁnwn Łna nŁfoc shme—wn mpore— na anaparist� Łna dedomŁno

sq ma (morf ) tou pragmatikoÔ q‚rou   na qrhsimopoie—tai gia na d‚sei mia teqn-

ht  anapar�stas  proerqomŁnh apì k�poio fusikì sÔsthma (p.q. hlektronikìc up-

ologist c). Genik�, ta 3D nŁfh shme—wn par�gontai apì 3D qwrikoÔc katagrafe—c

(3D scanners) all� den apokle—etai na paraqjoÔn apì progr�mmata H/U wc ana-

parast�seic/lÔseic majhmatik‚n problhm�twn me thn morf  sunjetik‚n dedomŁnwn.

Ta proanaferjŁnta mhqan mata Łqoun thn dunatìthta katagraf c twn exwterik‚n

epifanei‚n  /kai twn eswterik‚n tom‚n di�forwn trisdi�statwn antikeimŁnwn, kata-

gr�fontac mia plhj‚ra qwrik‚n shme—wn tou ek�stote antikeimŁnou, pou Łqei wc

apotŁlesm� thn dhmiourg—a enìc yhfiakoÔ -wc proc ton q‚ro pou katalamb�nei - an-

t—grafou tou antikeimŁnou, kai thn anapar�stas  tou mŁsw H/U.

Ta sÔnola 3D nef‚n shme—wn mporoÔn sunoptik� na qarakthristoÔn wc h aploÔsterh

anapar�stash enìc 3D montŁlou. Ektìc apì kwdikopo—hsh qwrik c (3D) plhrofor—ac

sta nŁfh shme—wn mporoÔn na kwdikopoihjoÔn epiprìsjetec plhrofor—ec, ìpwc gia

par�deigma to qr‚ma (RGB) kai h lamprìthta (luminance). Apì ta nŁfh aut�, kai me

kat�llhlh epexergas—a, mporoÔn na prokÔyoun pio sÔnjetec morfŁc anapar�stashc

thc 3D plhrofor—ac ìpwc e—nai ta trigwnik� plŁgmata epifanei‚n (triangular meshes)
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Eikìna 1: Arister�: Sunjetik� dedomŁna apì 3D nŁfoc shme—wn Łqei paraqje— se

H/U mŁsw upologistik c ep—lushc twn parametrik‚n exis‚sewn enìc Tìrou. Dexi�:

Apeikìnish tou Poluteqne—ou tou Mon�qou mŁsw 3D nŁfouc shme—wn pou proŁrqetai

apì katagraf  me 3D scanner.

 /kai ta polugwnik� plŁgmata (polygonal meshes) epifanei‚n. H aplìthta anapar�s-

tashc mia 3D dom c mŁsa apì Łna sÔnolo mh sqetizomŁnwn trisdi�statwn shme—wn e—nai

autì pou k�nei ta 3D nŁfh pragmatik� qr sima kai dhmofil , afoÔ e—nai sqetik� eÔkolo

na epexergastoÔn, na anaparastajoÔn kai na qrhsimopoihjoÔn gia thn sÔnjesh pio

polÔplokwn 3D montŁlwn. Sun jwc, se autŁc tic diadikas—ec den apaite—tai apì to

sÔsthma epexergas—ac (  to qr sth) na Łqei prìterh gn‚sh gia �llec paramŁtrouc

tou sust matoc suntetagmŁnwn, ìpwc thn kl—maka tou   peristrof  tou. Arke— mìno

to gegonìc ìti ìla ta shme—a na Łqoun koinì sÔsthm� suntetagmŁnwn, kai Łtsi, me mia

l—sta apì tri�dec pou antiproswpeÔoun shme—a tou q‚rou, na mporoÔn na apojhkeu-

toÔn/kwdikopoihjoÔn ter�stiec posìthtec plhrofor—ac [5].

’Opwc ja suzhthje— ektenŁstera kai me parade—gmata sta epìmena kef�laia thc er-

gas—ac, autìc o trìpoc anapar�stashc antikeimŁnwn/dom‚n e—nai exairetik� dhmofil c

se polloÔc tome—c thc epist mhc thc, teqnolog—ac apì thn Upologistik  Reustomhqanik ,
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thn Astrofusik /Kosmolog—a, thn Iatrik , thn Arqitektonik , Mhqanik , thn Gew-

graf—a, thn diat rhsh thc Politistik c Klhronomi�c, wc thn Eikonik  Pragmatikìthta,

thn Mhqanik  M�jhsh, thn ’Orash Upologist , thn autìmath od ghsh kai thn Rompotik 

[5].

1.2 Teqnolog—ec katagraf c

’Ena nŁfoc shme—wn e—nai qr simo ìqi mìno gia thn anapar�stash enìc antikeimŁnou

tou fusikoÔ kìsmou, �lla kai gia thn optikopo—hsh afairetik‚n ennoi‚n eidik� stouc

tome—c twn Majhmatik‚n   thc Fusik c. Wc aplì par�deigma parat—jetai optik  ana-

par�stash enìc qaotikoÔ elkust  Bouali tÔpou III [6] pou or—zetai apì tic exis‚seic:

dx

dt
= �x(1� y)� �z

dy

dt
= �
y(1� x2)

dz

dt
= �x

To parap�nw mh grammikì sÔsthma exis‚sewn mpore— na luje— upologistik� e—te me mia

apl  epanalhptik  mŁjodo olokl rwshc (pq Newton, RK4 klp) kai se k�je b ma dt na

apojhkeÔetai se Łna di�nusma Łna 3D shme—o tou q‚rou. Met� apì k�poiec qili�dec

epanal yeic ta shme—a pou Łqoun apojhkeuje— wc lÔseic touc sust matoc twn ex-

is‚sewn ja br—skontai p�nw ston qaotikì elkust . H lÔsh tou qaotikoÔ sust matoc

d—netai apì thn parak�tw upologistik  mŁjodo, grammŁnh se gl‚ssa programmatismoÔ

Python:

1 import numpy as np

2 import matplotlib.pyplot as plt

3

4

5 def bouali(x, y, z):

6 """

7 bouali attractor equations for a = -3, gamma=1 and mu =-0.001

Panepist mio Aiga—ou: Diplwmatik  diatrib 

13



1.2 Teqnolog—ec katagraf c

Mejodolog—ec Amerìlhpthc Epilog c Algor—jmwn Tautopo—hshc

Nef‚n Shme—wn

Ge‚rgioc KorrŁc

8 """

9 x_dot = 3*x*(1-y)-2.2*z

10 y_dot = -y*(1-x*x)

11 z_dot = 0.001*x

12 return x_dot, y_dot, z_dot

13

14

15 dt = 0.005

16 num_steps = 150000

17

18 # Need one more for the initial values

19 xs = np.empty(num_steps + 1)

20 ys = np.empty(num_steps + 1)

21 zs = np.empty(num_steps + 1)

22

23 # Set initial values

24 xs[0], ys[0], zs[0] = (1., 1., 0.)

25

26 # Step through "time", calculating the partial derivatives at the

current point

27 # and using them to estimate the next point

28 for i in range(num_steps):

29 x_dot, y_dot, z_dot = bouali(xs[i], ys[i], zs[i])

30 xs[i + 1] = xs[i] + (x_dot * dt)

31 ys[i + 1] = ys[i] + (y_dot * dt)

32 zs[i + 1] = zs[i] + (z_dot * dt)

33

34 # Plot

35 fig = plt.figure()

36 ax = plt.figure().add_subplot(projection=’3d’)

37 ax.set_facecolor(’xkcd:black’)

38 #ax.set_facecolor((.0, 0.0, 0.0))

39 #ax.w_xaxis.set_pane_color((.0, .0, .0, .0))
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40 ax.plot(xs, ys, zs, lw=0.5, color = "white")

41 # ax.set_title("Bouali Attractor")

42 # Hide grid lines

43 ax.grid(False)

44 ax.xaxis.pane.fill = False

45 ax.yaxis.pane.fill = False

46 ax.zaxis.pane.fill = False

47

48 # Now set color to white (or whatever is "invisible")

49 ax.xaxis.pane.set_edgecolor(’k’)

50 ax.yaxis.pane.set_edgecolor(’k’)

51 ax.zaxis.pane.set_edgecolor(’k’)

52

53 # Hide axes ticks

54 ax.set_xticks([])

55 ax.set_yticks([])

56 ax.set_zticks([])

57 plt.savefig(’filename.png’, dpi=300)

58 plt.show()

Prìgramma 1: Par�deigma paragwghc enìc 3D nŁfouc shme—wn apì thn arijmhtik 

ep—lush sust matoc sun jwn diaforik‚n mh grammik‚n exis‚sewn

To di�nusma pou prokÔptei, apotele—tai apì shme—a tou q‚rou pou antiproswpeÔoun

thn lÔsh tou mh grammikoÔ sust matoc kai mpore— na anaparastaje— wc Łna 3D nŁfoc.

Sthn parak�tw eikìna anapar—statai h lÔsh wc 3D nŁfoc shme—wn. E—nai profanŁc

ìti h optik  anapar�stash thc lÔshc mpore— na d‚sei mia diaisjhtik  ant—lhyh gia

to sÔsthma mh grammik‚n exis‚sewn (p.q. h summetr—a pou diŁpei ton elkust ) pou

e—nai fainomenik� adÔnato na exaqje— empeirik� apeuje—ac apì tic exis‚seic, qwr—c thn

qr sh ergale—wn kai mejìdwn an�lushc sust matoc mh grammik‚n exis‚sewn. To

apotŁlesma tou progr�mmatoc arijmhtik c ep—lushc tou sust matoc, anapar—statai

sthn Eikìna 2, de—qnei thn morf  tou elkust  me paramŁtrouc (a, g, m)=(-3, 1, -
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0.001), met� apì 15000 epanal yeic. Parathre—tai ìti prìkeitai gia par�xeno elkust 

me mia emfan  summetr—a tou sto ep—pedo yz.

Eikìna 2: Sunjetikì nŁfoc 3D shme—wn pou anaparist� thn lÔsh enìc dunamikoÔ

sust matoc tri‚n sun jwn mh grammik‚n diaforik‚n exis‚sewn.

’Ektoc apì thn anapar�stas  lÔsewn mŁsw upologistik‚n mejìdwn H/U oi prag-

matikŁc dunatìthtec twn 3D nef‚n shme—wn fa—nontai sthn katagraf  dedomŁnwn apì

ton pragmatikì kìsmo. Up�rqoun di�forec teqnolog—ec katagraf c antike—menwn me

thn qr sh 3D nef‚n shme—wn kai h k�je teqnolog—a sun jwc qrhsimopoie—tai gia

thn katagraf  antike—menwn diaforetik c kl—makac. ’Etsi, gia par�deigm�, en‚ h 3D

apotÔpwsh enìc autokin tou mpore— na g—nei me Łna forhtì 3D scanner, gia thn 3D

apotÔpwsh miac meg�lhc edafik c Łktashc (p.q. enìc bounoÔ) apaitoÔntai teqnolog—ec

doruforik c 3D katagraf c.

Oi basikŁc par�metroi kathgoriopo—hshc twn teqnologi‚n 3D katagraf c mpore— na

sumpiestoÔn se dÔo mìno kÔriec paramŁtrouc mporoÔn na tic qarakthr—soun epark‚c.
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H pr‚th par�metroc e—nai o sunolikìc arijmìc shme—wn an� antike—meno kai mpore—

na qarakthr—sei thn poluplokìthta tou antikeimŁnou. H deÔterh par�metroc e—nai to

fusikì mŁgejoc tou antikeimŁnou pou proor—zetai gia na katagrafe—. Oi duo autŁc

par�metroi e—nai arketŁc gia na prosdior—soun ìlo to eÔroc twn teqnologi‚n pou

qrhsimopoioÔntai gia thn 3D katagraf  antike—menwn opoiasd pote kl—makac kai polu-

plokìthtac. Sthn Eikìna 9 fa—nontai ìlec oi teqnolog—ec 3D katagraf c an�loga me

thn kl—maka kai ton arijmì twn shme—wn pou katagr�foun.

Eikìna 3: Kathgoriopo—hsh teqnologi‚n katagraf c 3D nef‚n shme—wn. O orizìn-

tioc �xonac anaparist� to mŁgejoc thc skhn c, en‚ o k�jetoc �xonac anaparist� to

mŁgejoc thc katagraf c 3D shme—wn.

Xekin‚ntac apì tic mikrŁc kl—makec kai mikro arijmì 3D shme—wn (qamhl c an�lushc

katagrafŁc apì 1 wc 100 shme—a) br—skontai oi teqnolog—ec 3D katagraf c mŁsw

epaf c (tactile), h pio koin  teqnolog—a onom�zetai tactile-CMM (coordinate mea-

surement machine) kai apart—zetai gia Łna mhq�nhma me mia kinoÔmenh mikrometrik 

kartesian  b�sh kai Łna k�jeta kinoÔmeno aisjht rio af c. To aisjht rio dÔnatai

na kine—tai egk�rsia metr‚ntac thn metatìpish tou se k�je b ma k�tw me stìqo na
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diathr sei mia stajer  dÔnamh epaf c sto antike—meno pou katagr�fei. H kartesian 

b�sh kine—tai sto ep—pedo xy kalÔptontac ìlh thn epif�neia b ma-b ma. ’Etsi, se k�je

b ma mia Tri�da shme—wn tou q‚rou katagr�fetai. H mŁjodoc aut  parŁqei exairetik 

akr—beia qwr—c jìrubo sta dedomŁna kai epilŁximh an�lush. Par’ ìl’ aut�, h uyhl 

akr—bei� kai an�lush me autoÔ tou tÔpou thn 3D katagraf  Łrqetai me to kìstoc

thc epanalhyimìthtac, afoÔ ta shme—a tou ìgkou tou antikeimŁnou katagr�fontai Łna

proc Łna.Gia to lìgo autì autŁc oi mŁjodoi qrhsimopoioÔntai se antike—mena mikr c

kl—makac (0.1mm - 1m), lìgw tou periorismŁnou megŁjouc twn suskeu‚n aut‚n, ìpou

apaitoÔntai epanalhptik� epibebaiwmŁnec metr seic uyhl c akribe—ac.

Suneq—zontac me thn 3D katagraf  antike—menwn uyhlìterec kl—makec (qamhl c

an�lushc) br—skontai oi qeirwnaktikŁc katagrafŁc ( 10mm - 10 m), ìpou oi metr -

seic sullŁgontai qeirok—nhta kai me th qr sh apl‚n metrhtik‚n ergale—wn (q�rakec,

berniŁrouc, mezoÔrec, apostasiìmetra klp). Se akìmh megalÔterec kl—makec kata-

graf c (10m - 5km) qamhl c an�lushc br—sketai h topograf—a ìpou oi metr seic

kai oi apost�seic upolog—zontai gwniometrik� me eidikì exoplismì (skopeutik� tÔpou

theodolite). TŁloc, se akìmh megalÔterec kl—makec, h qamhl c an�lushc katagraf 

g—netai mŁsw doruforik c teqnolog—ac prosdiorismoÔ jŁshc, ìpwc gia par�deigm� to

Global Navigation Satellite System (GNSS). Se ìlec tic parap�nw peript‚seic an kai

to sÔnolo twn shme—wn pou katagr�fontai e—nai mikrì, ta shme—a katagraf c qarak-

thr—zontai apì egguhmŁna uyhl  akr—beia.

Oi teqnolog—ec katagraf c 3D shme—wn qamhl c an�lushc e—nai exairetik� qr simec

eidik� ìtan h poluplokìthta tou proc katagraf  antikeimŁnou e—nai sqetik� mikr . Stic

perissìterec peript‚seic ìmwc, to endiafŁron 3D katagraf c gŁrnei se proc antike—-

mena uyhl c poluplokìthtac ìpwc ta perissìtera antike—mena thc kajhmerin c zw c

pou apaitoÔn puknìterec katagrafŁc nef‚n shme—wn (apì 100 Łwc 100.000.000 shme—a).

Anex�rthta me thn kl—mata tou antikeimŁnou proc katagraf  oi teqnolog—ec uyhl c

an�lushc qwr—zontai se dÔo kÔriec kathgor—ec. Tic fwtogrammetrikŁc teqnolog—ec kai

tic apostasiometrikŁc teqnolog—ec (range finder, LiDAR ). Kai oi duo kÔriec teqnikŁc
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