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Abstract: To address the issues of redundancy, low integrity, and insufficient precision in 3D line segment extraction
from building indoor point clouds, a 3D line segment extraction and optimization algorithm incorporating building
geometric regularization constraints is proposed. Initially, a region growing and merging algorithm is applied to seg-
ment point clouds into surface patches upon which 2D profile lines are extracted through plane projection, followed
by the 3D-2D back-projection to obtain the initial set of building profile line segments. Next, leveraging architectural
geometric regularization features, a multi-constraint model was designed that integrates the building’s principal direc-
tion, intersection lines of adjacent facets, collinearity of building contours, and orthogonality of architectural structures.
Through this segment optimization model, high-precision extraction of building structure contour lines was achieved,
significantly enhancing their overall accuracy and completeness. The optimization process first analyzes the spatial
adjacency relationships between patches and corrects the orientation of line segments that are collinear with intersect-
ing lines of patches. It then analyzes the alignment between the building's principal directions and the extracted contour
line segments to effectively filter out redundant non-structural segments, while subsequently evaluating the spatial
topological relationships between line segments to mitigate the discontinuity and angular deviation, thereby providing
detailed geometric features for the indoor 3D reconstruction of existing buildings. Quantitative analysis conducted on
two indoor scenes demonstrates a 6.61% improvement in average completeness and an 11.72% reduction in average
redundancy compared to traditional methods. Complementary qualitative analysis of two additional indoor scenes
further validates its effectiveness in addressing complex building structures, highlighting its robust adaptability and
reliability across diverse interior architectural contexts.

Key words: three-dimensional point cloud; geometry feature extraction; plane segmentation; line segment extraction;
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Fig.1 Flow of 3D line segment extraction based on geometric regularization constraints

2 RaFEDE S ELIER

21 ETXBEKSEHNSZHATE

Mz I K S A HBVRE S A T AR AT 2 2 (R R ) AR A AT r = RIFE B, AR s iR
)3k A B AR MRS A FEP I S =, &R S BER S L G . N T oS
SR, 7 KD BRIk ER 51 1 LAtk R F 32 55 e ik (Principal Component Analysis, PCA)
DA ABI 7 22 5 B B SR Jm i i 28 C, FVE M & n,

(D

n, =u, (2)

XF: e eqs e, e flle, NI ZRBEMIFFIEE (e >e,>6,), U~ U, Uy Al ug JXF B HREAE ] &

SET UL AR, SR A 5 X SR X 0 2 S SR 40 fE XA K e, S K
JUTRHER R 5 2, AR E A BB 1D B PRSI AR HUR T HERe, HL 90% &
FHR B ITIF Py MR T 2. B KA A, AR R T PR 6, « k10 T 2B
B oo ASIHER Py s BUHIBEARER S PY R AR (3) B (5) EREM. B, ML
DN R B XIRAIE R« 2) BRKBEAER: MEEIPH T AR E KR, BEE
VAR B R A LRAR: 3) FRBRKEANT: R M AK>30, WINAEREES R &I, &
ARG S EAIF, BEBE D % 3) 15 Py Pyhl A s



cos™*(n-n!)<@ (3)

n

n PP <d (4)

ortho

P'P'l<d (5

proj

K LRI N 3 BIFIR P T SRS S AR s g 2 53 PRl RS0 i B 0 B A0 480 T T
(IR ELRE RS, Oy AT A5 R 458 50 0 1) 1 325 52 80 R £

N T B TRIER, X U R PER AR L SRR AT B 1) RIGE LR bt 5. 1
AN RAHE R Ml Cg L SRR Ny AP RIESH DL« 2) RABFEIMAIM AR 8 R,
A ARSI B A R oI 3, MRS BB RIS BAIRIT 1T, 5 3) REEEIF: WHIL, &
Op o 1 O orno 3 /2 A 20 (6) R (7D B 356 HLA I SOHOK T 100, WTR ISR ) 2 2 AR I NN T H 4 45

cos™ (ng Ny ) <6k, (6)

|an \ ﬁ| < dR_ortho D

2.2 HRERZIRE

XFF EIRIRAF RO R4, AR 2R A B M it PR R AR, B =4 ) SR A
(7] >V [ 0 R T AR ST BT o BRI, S SREBTD (RO FE B2k, W] DASRAS I S R I AR R I3 o KT
MR SR RE S b, S S P R ] R

X=X _ Y=Y _2-% (%)
n n n

X y z

m

2P, (%0 Vs V)

At B (40 Yor2) =S ———FIn(n,,n,,n, ) 5P AT AL

ST AR P, Pk B n SRR A P . R PI L, HECR P, Pk x
B U, =U, <Ny SEESTT SRR . Bh o, BRI, 10 MR AR T R

F)cJF)i"ux_Xmin
S
s 9
Vv = Popl 'uy = Yoin
' d

R EGY, BES S aMGEKEERAN 255, HEXBIMEEKEEBRN 0. WE 2 Fix,
X TS — ST A T BUR B SR USRI 25 52 (B IR0 8 b A Sk JECRINAH /) 23 V] H~F g e R
W% . X5, KF Canny HFBUREUAZE R &S, 454 CannyLines 2k Bl & SykBYHR L — 2 2% B



mho BRE, R R T YR B R T YR 2 0 SRR BRI R B AR

(a) B R sEE (b) KB EAR

(c) Canny iU ZHEEL (d) CannyLines £Z B &
Bl 2 FeERLR B iR Un R

Fig.2 Flow of profile line segment extraction

2.3 REEAS%EMNZIRR

AR A BT LAT R RF A X T e Y AR R B B IR A PEREAT I SE , JRA BR AN & IE RS RS PR 1) 5
W . 5, X AASFEDT TR BT RS, AP BCZ AR A 2 30° 1, 8
. e, WD RRBENNLRBAZ SR EREFHS, IERGTPR% C, A1 C, I IS PRI . sk
X PRI LR BB BE Z AN T 1 P R B BE R 30%,  URZID Fr 5 A0 9 57 T A I 290 o -

T

i=0,ieC; j=0,jeC, m=0,meP
X OR B BT, BE D BB S T T ) SR B, BLCy N C, ARV SR DT R, O
W 527 R ZE /AN T 10° BIZREBG, JRARHE X Le 2k By o5 T A SR LR & 1 3 I e B 2 ) 41«
10D, 75% <

Apnom =9 20Dgs, 50% < £ < 75% (1)
40D, 0<e <50%

RS?

B BE B AR Z BB VAN, WORBHZZBG BN, RN 3 1 BT A R -



3 FHRJLATMN L REVE BRI

3.1 PEE A ARLERML

5 YL BU A IR ZE R, MANIR] T e B2 R BRI (R 2R B A E =4 A o ] e A AE AN S
Ko FLT Lin S5BVE S LSHP - FTHIAHAC A M), A SCER T JE T 4BHETH v (RAH A LR L oA
L M AL B S T R R BT [ SRR P, ek A2 SRk 26 AR A T Py ER BROREAT 7 1) 1) B LE

1) EFARIIE A5 2 PRI A IR B, R R HELERIBIX I 5 oAb A AR 28 (0 58 B L
FEA X L AR AT AL BN B AIR T, the @O HIZHMERE M, e RYC, Sl BT I 1 IF

intersect
THE AR RS AR AR R T RS . A2 A RIS BOE AR S A B Cagi I 7E Mierset
IS A RO AT

2DOMEAZE LG : G 3 P, AEE ELA 7 17 170 B Fh DA &I T (072 i 2 9 3 L 1
MAHAE B B — SO P ST B O BGE A i BT, S E R, AR N

| :X—X,:Y—Y,:Z—Z, (12
I nlx nly nlz
n =n,xn,
o (13)
P =|P-n,P, -n..n| :|P-n,P,-n.P-n|

A n, Mo, SVHRSRI ke, P, A1 R, JVARARI L, Ny A Py AR RS R K T [ A

3) MZE LRI BN : I T M A S LR M, IR AR AR T A b K2k Br S S
FLERHEAT RRALE U7 o SR BBt 2 AT 1 B2 IR ME 6, FNARIEER B UM d | VA HSRAT, NGB 2

MAZHZ E, TR0 AT M m A A AL B, A R A B 5 A A8 L2 28 4 FR HEAf 0 5

cos™ (v, v, ) <4 (14)
PR |y, PR |, <d,
. . (15)
PR BR |y, <d

At B A1R, AR RLRBU, BIMG Al R OVHIZZELSH E— i, v AV, VBT,



P 3 ML LSS H R R 1]
Fig.3 Diagram of intersecting linear structure

3.2 BRESWLRIVZEERMIL

FEOS B A SRR =40y 2B, SR T AT LT A AT AL AR B, B T AT A5
W2 BO R FE T SRR R AL 2 e A S A IE VR B0 S A R IE 484
3.2.1 FETEEHEH T T7 1A 2B B

X T A W45 R 07 M S R, wIEIE PCA BOETHE B SR R R &, B AR A
M= e o ey Me, o RGBS FI7 IS A A ERZ, XHEBCRIE T it
I

glmm = mln {Cosfl(ex 4 vl ),COSfl (ey . VI )ycosfl (ez 'Vl )} ( 16)
0, < Opn JB TR EL Y .
elmin 2 Hprin ’$E?@ﬁié§$@

6, FERBSE AN, 24 6, VEAEBBG 77 f0 LRI ), SEENET, RN

R IR AEFAE LB BN, R HAO AR AL BOF T Lol i, Mt & Boa e I 1.
THREG MR .
3.2.2 BHRRERILLNE I =4EL B L

NSRRI —RE RN I 2 BR AN SE . IR, SR T T ARG B SR 2 MR ) = 4R BLAR
WSk, RPN

D SIFFTA TR LB IR RERBIR MWK EVNERT, B EELBEE S Lainea -

2) WP L e » AR — 2R E), NG, HRASHERERITRERA. R MANT I

Yy IS &, <[ 07,10 ]+ WS R BUMASC AR BRI TR L = (10,1, 1) -

collinear

3) 3 Lo ser ki h s B s P sl b, mEime PR P, 3R
ﬁ&%ﬁ%¢%ﬂﬁom%¢%wﬁwm%ﬁﬁﬁ%@ﬁ¢mW,wmﬁushﬁ%ﬁ~%@&;

) HR U R 5 b s S B R, Yo A IR R B R E . 2 T A
B R



@ WA e L i, AR AR, E 4 (@) FiR.

@ e AT b E Mg K2 L Wﬁ&%ﬁ%¢?%ﬁﬁﬁﬁ%@ﬁ%m“m%mﬂ
IRV AN I i P R K B R E NS I R A B i AL, B 4 (b)Y R

@ — AT b IEK b, M e L, AR R DUE K B AR A
w4 (c) FizR.

(@) WA BRI AISEE || P () A BEARATE | W () BRI AALE | W
B4 el e o i B s E

Fig.4 Diagram of relative position of spatial collinearity.
323 BYLAEHITE I 4k B AL

B, ZREIE RS AL LUK FE 5 O B & N IR LR BSIR L, RRBK
ST SRR E . B, 7EN R IE A4 P IR B Fit, DA (B BR IOR BON AL, 95— 4R 2%
BGIAT AL, LA T

D) EH SRR M B A BT, Ik BEHEY 2 O 2B % L L o DI
FP I — B, B, RS S BT R Ay e A N T IE A e S B

Gono €[ Foror 90 |9 € [757,907 . W K % £k Bom N 3K 2 £k Bk % 51 Ly = {91, 11)
Lo={I7. 10

2) 3L WERBIRIIEAZ S . LA S AR ZEBARXT L E N, B a A o] 2000 dS oA o s 2
2Bl 1, RGBS T ELE

B | Sl [ AR R
Fig.5 Diagram of orthogonal distance of line segments | and |
£ o dYil R IR B BB AR AF R, A7AE =R LB G R
O #Hdi<d,_, Hdi<d,_,, WIGEEZLGEL W EE6 () Fiad. LI o ESHL,
BES 1, SOl S A A R 2B L s TR, Rk B BT IR R EAE 1 AN T 1 R TR BT
T N BEAT e, ARARAE 1, A IESS, DGR BT IR AT 2R



LN T T
Vo (Vv v, ) =V Vg, V=, xV, (18)

L

Pl/(xh'vY.l"Z.l'): R _P1'\70

il R g L LRI ETR TR, 0 IR BT A R, P (X, Y, Zy) B BB
R BER R ERARER ) 10— )1 LR B

@ #d<d,_,, Hd<d,, » ULBEZEE LIERE L, RAELBEIEG6 (b) Pk,
® #di<d,,, Hd>d_, »~ UEEEERLEL &N, ELBE 6 (o) Fix.
i
1 A
f v}
*—o— g - ° >
pi Pi l, pi pPi pi L i
.
1t i
I5
@
lLi pf
(b s L m, mRm | s
(a) #wsisde | mHRI | sk (o) #egpsmare L w, AR s

I

1
B 6 320 < dy_ypuo G Osomno 158 2550 4 4 1122 B fr B 7 2.

1
Fig.6 Diagram of position of line segments satisfying the orthogonal constraints of di <ds«onho

4 SLWERS T

41 XEBEBESHME
DGR T Rz O R A A A BRI, A Sk T UM I E N 5, 23 0 UE H MiMap.
ISPRS-Indoor Modelling. S3DIS #1 ETH-UZH ¥4 4E, &5V EAHEA WK 1.
x1 ZEASCHIEL

Table 1 Indoor point cloud data information

SEGRI HH SRR WOtk Vs 4 K S HEA
SE BT MiMap Riegl VZ100 scenel 2098121

10



Indoor Modelling ~ Viametris iMS3D TUBI1 34269468

S3DIS Matterport Area5_hallways 21672856

SE LA T
ETH-UZH Faro Focus 3D synthl 2124394

AERRPEVERE 7T 05 R FMET R 4 1K S MBI B B R OO0, AT, 35

TERRASREHER S MRS B K B . 9 B B AN SR B R BUNIRG S5, AR SRR J SR 2R BU S R IUZR B
Z IRV A B A 2 BUR BURUR - B 7 R T SR B o SHRIVRE |y AR E A E R AR

B 7 Bk BB I A B AR 0 e &R

Fig.7 Relative position between the real line segment and extracted line segment

Horh, p, R |, Bk B, 0EEIE S PR, o, NERBIEE B, 2 p<p, I,
Loverep = lor O lor 75 1, BELRBLL 51, B ALEKTE, Lo = lor~(lor N lor) W 1, BB L 5
|, AR E S LRBAK T, X H, |, FORESRE, |, ORIk B AE X N B S 2 B .
T LB S, AT T e MR TT A R Sy 1

n( -
oz
Pt s i (19)
2lor
n( t . to
i—O[ E}IST - [IIGT M E}IST )]
TURIE = — (20)
Zler

TEFRHUER B, B B 26 B A il B SEBR 2R B, SBUCREA R 1. @, $2H
A R BB K FEBOR, BRI B R R, TUREREI SN, TURFE K.
T AT ERSNT, ASCEA T MiMap #1 Indoor Modelling 35t R HERLR (] 8 Fim) 1ENE
SLLBEMNSRES, DIHE S BRI SCE RO . S, £0%) S3DIS #1 ETH-UZH 35, 8 Revit &
PR B L BIM AR 3 2R AR, DUt — P ISR SRE R Y CanlEl 9 B ).

—3 ' I
By ). =
Oy [ S5 = s = e f—m— h
—a- ¥t i N S — v
41 1T
- ] i —i

(a) MiMap (b) Indoor Modelling

8 MiMap A1 Indoor Modelling 15 [ & 2= 5 £R HEAR
Fig.8 Point cloud and line frame model in MiMap / Indoor Modelling scenes

11



S3DIS

ETH-UZH

(a) H= (b) BIM #4784 (c) LRAEAERY

P 9 S3DIS Fl ETH-UZH 3§t () 5 5« BIM RS 5 28 HERE Y
Fig.9 Point cloud of scenes of S3DIS/ ETH-UZH scenes

42 ZHEEREESH

PR 3RBGE R, &R S 5 2, BB B (doomo » Oprg A1 g oo ) FT LURHE A5
ML G ROEE . 7R KD WA R, DUSET S AR 3 AN Ralm A0 A I P SR s B
REE. MRaWmeh, sEEERERKMNSER S H, EREWRIEER:; RZ, RAWER, &
PRE REERUN, R Rad 73], MR R B2k B, HeT 00, XA KRR R E LR M B

j
%Qmm=Q,dm=H¥,ﬁZﬁéﬁﬁ%@ﬁM%%%%W%%ﬁﬁﬁ%ﬁﬁD%=E¥Eﬁﬁﬁ
1, U g oo =50Dks o % 2 JER T IXIE KA 9 A 5° B130° YR MBI, HAMER
PRSI EER . GURRY], g BUNY, B0 s m BN R A S A T E . 2 i
KIF, BRI ERBEAL, AR FEOREM AT RS PR w8 AT i A Ja]
W&, JEREREAMLR. BE, 20,=0, ,=15° ENXKBEKSEIFMERE, RIS R
Kl 10 Frows
R 20 BRAE LR T P 3RO R

Table 2 Amount of extracted patch under angular threshold constraints
T O s° J10° [1s° [200 [ 25 | 30
ERE (%) |13.61] 920 | 7.72 | 7.06 6.58 6.22
BEMEAN) | 6707 | 6136 | 6138 | 6066 | 6035 | 6129
Indoor ERE (%) |56.02]34.59|24.83|19.77 | 16.72 | 14.72
Modelling | Z35HE(A) | 8410 | 9266 | 10062 | 10563 | 10943 | 11187

MiMap

MiMap Indoor Modelling

(a) 6,=5°
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b) 6,=15°

(c) 6,=30°
P 10 T FREUECR A LA SR

Fig.10 Comparative results of representations of extracted patches
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Fig.11 Comparative results of extracted line segments
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egtinear otond = 0.25 M5 e =0° 5 Aeginer =0.001m, 3100 =90° , oo =0.001 m. H1E 3 AT, Bl
F XD B H Oy IR, SEREPERTUAR BEBNZHIARTE o 21 O BN, WU PR 1 22 07 1) 1 2% B
TRER, O B L A SR B AR IN B s 7124 O 89K, 3207 FIARAG I VE F AT, (R PE 2k B
HeEHN, SPIEMXHESA . KZ4E MiMap 1 Indoor Modelling 3751, 24 6,5, =15° I EUE H 2%
R DA AL A 2 05 T 2 R A% A BEAT 5 £ IR 3L R AT RS Ui

B3 XI5 VLIRSV E T

Table 3 Accuracy assessment metrics for principal direction constraints

MiMap Indoor Modelling
ET7IR A BB/ C°)

SEREE /(%) TUR /(%) SERLEE /(%) TUR /(%)

5 7191 62.81 63.83 48.04
10 71.95 89.72 65.49 55.64
15 72.53 96.83 65.89 58.32
20 72.47 98.39 65.90 58.85

B 12 (a) Al (b) A BIER T EIRLLARSBE I, e T Qegpinear 1® I TEBEFERTUREAR A M ZR . 1
MiMap 75t SEREBELE dgyinee =0.3m INE BB K, MITURFEFEE dygnea TG RBHTIHD o 2 dgpinear =
0.3m, Gpinear =40° I, LREBARAMHUIRE S . XFF Indoor Modelling 375, 1T B84 44 1) 35 J7 [ RRAE
BONWISE, SBHTH Fr BAHAZ 2 AR D iR 1 IR R — BUE MRS, BRI 9, inear P Dogpinear HIZEAL
SHRBUSCR I EGE AR . 2 d e >0.2m B, SEREEZME T, MIUREWMHZ TR, N TIEZ
B P ORFE e B R, DRI S 3R R A R, 2 e = 0-1m S inear = 40°

K12 (o) M (d) NIk T IERR RSB Hd, . 1S, FHITERERTLARE A M2 . 7E K
HAFERZ K MiMap #5041, IERLBANZE XA BB H, T8 EAE d g = 0.35m 15 ]
B, AHTCAREMEEZ . X2 H T AN THRBEE LB (nE 8 Frs) INEFERIENR . HfR. 5
L TR P IIZRBL, TS Bria i st b al BeARAE /b 1] (0 T TRE BTG VR SO O D T s . 3
B IR AT X 3R 2 B E I KA A & b B S , BRI TUREESG I . 2T 9, 1AL, #
AN SR RS B R AR AR A AN I, (HTE &, =80° o J13R Bt A X 265 e 1) 6 2 P R (R T A% B o AL,
XFF MiMap 5%, wHEd, ., =0.35m, 9,,=80° , MifE Indoor Modelling %5/, WE d,,,, =0.2m,
9, 0=80° &

ortho

(2) MiMap 3t 293R (b) MiMap IEZZYR
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(c) Indoor Modelling JL£& £ 7 (d) Indoor Modelling 1IEAZZIH

Bl 12 FELR AT IR 56 BE B/ TU AR BEE b i 2k 4]

Fig.12 Completeness/Redundancy curves of collinear constraints
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AR TC R AT B, FRMR U 7 IR G5 M IE 2 XS A P & 1 . KT 14 () AT (b) F1rfLLE
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(a) MiMap ¥ 5% (b) Indoor Modelling 3% 5%
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Fig.13 Completeness/Redundancy curves of our method and F3D method!*"!
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(a) A3CTH7E-MiMap %5 (b) F3D J5i%:B-MiMap 3% 5%
(¢) A3 T7i%-Indoor Modelling 37 5 (d) F3D J51£P% Indoor Modelling 3% 5%

& 14 MiMap £l Indoor Modelling 375 ) = 4 4L B3R B 45 R
Fig.14 3D line segment extraction results of MiMap and Indoor Modelling

F 4 KRILTTIEF F3D J7EBOLE MiMap A1 Indoor Modelling 3 5 FITFAN #5457

Table 4 Evaluation metrics of our method and F3D method™% in MiMap and Indoor Modelling

HSRBE R PRI B S SRR CPRIURE
715 Hik

BEA | BKE/m | BEA  BKE/Mm (%) (%)
ARLTTIE 481 1196.60 56.70 62.96

MiMap 265 982.82
F3D J5i% 621 1249.20 50.09 74.68
ALTTIE 527 1028.98 55.53 61.64

Indoor Modelling 550 794.47
F3D J5i% 564 947.39 50.49 60.41

43 ZHLERMEMSH
£ S3DIS M ETH-UZH 5t . AWFFER M BIM KR G R 2GRy FOSRER BUAR 15, XTBBEE
2T, F3D IR, KA SR BT e MEXTEL 3T R B I T VA O v 5 (8] A B A
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JAR R, TTHERA —E R, B degine =0.1m AR SR LR AR o Ak, BT s/ 1
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FEHAELEBAR AT X3 (Z0AE) SEEL R RRER M P& AU S mFE AL IE, MR F T 5684 . F3D J5i4B0
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PRI RRIARELE B, b TIRIEB P R TURYE. BEUGTTEAEM G T X GERE) K
REIREUA AT S, X ATRER T T SERI K S o Bh R 22 R AN B 8. sk, MRS
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() A3CT7:

15 S3DIS Fil ETH-UZH 335 ) = 4E 2k B SR s 2R
Fig.15 3D line segment extraction results of MiMap and Indoor Modelling

5 BREEIAZTTIER) F3D JEROMIA LTI VASE S3DIS Ml ETH-UZH 37 5tHITFA F8 5
Table 5 Evaluation metrics of gradient edge method**), F3D method!*”! and our method in S3DIS and ETH-UZH

L | e | e o0 TARRE (%)
SR " g R U, G .
S3DIS 764 768 82.87 80.97 43.44 43.85

ETH-UZH 499 516 82.46 75.80 80.46 103.80

5 £EiE

ASCER T — R T R HU LT IE WL R i = 2R IE SR IR, B ey = 2 S SR LA BORS 1
SR A BN RARAL . VAN E AR T 7 SCIRIIE, 45 RERW]: B BERI A A AL,
AR T IESZ R B AR R 2 R TS MARAE — EREE Lslb T IURE B SRR B
WEIERII G T ZHTCREE B R T BER IR . sbhh, BB LTI NAL P IR A AT
B ISR O L B AT T A B S IF, S TERBULMIN e B, BGE T A ER L AR
MR -

SR, ASSCITVEE R A KIS R BAR DR A IR, Mt — ek, [R50 L ke
LIRS B G RO BRI RCE A2k HAR @ ROk 58, DR M SRR A A3 5t v 3 R kA
FRL o
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