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Abstract: Objectives: Airborne point cloud serves as a crucial data source for the extraction of building
roof edge points. However, current extraction methods generally suffer from low automation levels and in-
sufficient accuracy. Methods: To address these issues, we innovatively propose a machine-learning—based
extraction strategy for building roof edge points from airborne point clouds. The proposed method efficiently
integrates the advantages of various point-cloud—based edge—point detection features, enabling the adaptive
extraction of building roof edge points in complex scenarios. First, the proposed method performs dimen-

sionality reduction on the point cloud of the building roof, generating multi-level features and determining
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scale—invariant features. Subsequently, multiple point—cloud feature-detection algorithms are utilized to cal-
culate highly discriminative features of building roof edges at multiple scales. These features form a feature
matrix, which is then input into the categorical boosting machine—learning algorithm for training and predic-
tion, ultimately achieving the accurate extraction of building roof edge points. Results: To verify the pro-
posed method, the airborne point-cloud dataset of Trondheim, Norway is selected for testing. The extrac-
tion accuracy of building roof edge points can reach 91.16% , and the time—consuming performance is good
and stable. Conclusions: Experimental results demonstrate that the proposed method can converge effec-
tively with only a small amount of labeled data, providing an efficient, accurate, and highly generalizable
solution for the extraction of building roof edge points.

Key words: wide—area feature optimization; airborne point clouds; building roof edge points; machine

learning ; multi—scale

A 2 T 5 A Ry AT A AR = A Y
O BB G BE Al o] HE B L E AL T LA A =
HE S A SRR T2 A R AE I SR R, — B E Y
PR M R YT Y B R AR IR
XF G 4t B AT R BRI 43 R 328, 4 U B T R
W TR AR T IRER N T

AR AR B A TU A R AR S FL AR B R
ik 3 B A3 43 B O SRR A U U 25 S B Y R
IEAELFIVREAE 1) £, W] DL SR o 2 B9 19 45 4
TEBEIC . SCHR [ 1 KRR AE (A 1E by 208 385 1] w14 321 43
T A% 1A 2o A R /N A A S B X
R B S5 AR RS MERR B . SCER[ 2] T A
MFRIE M 5] AR A S  JFH Tais 28,
R 5 125 T W v i 238 S0 BE 43 2 R i 4 a8, T
LX) He 55 ) 1 2 30 M A 1 AR A 1

Sz B SR R R B R I 2 B AR B
A EEURE Bk B AR B S EAE R A
L6 T DA s Bl o £ A A8 RR AR B TP T 45
PEWCHE 5 F s, ST W TAE R &
T A 5 T T ) o AR AR I =
Do 5 A4 e R R B2 £ B A 2= BB AR 1 T ART R AR [
I 86 AT 45 48] B 0P B2 o Sk [ 4 x4 21 iy R
ST B A = AR AR AT KA A3 E LR Y
FEAE GG H O = B A % 07 1k BRI AR AR
P ICAE AR B i = IR A f i A o i, HL
Xf MR U . BEE U TR R R TR )
/N 3% (moving least square, MLS) A iy i
AR AP . SRS R MLS $K
DL R W X - i 5 ot O o 1R 2 A4
ity 1A A8 AT AR AR A I 5 SR 6 )i — P4 i Or
5, 38 3 P2 B MILS 26 100 Y R AE 1 2, 45 w5 1k I
7 RO B 09 & M e s SR 7 142 S &R UL AT T
PE 2> BT 5k, ) BE AL 40 A — 2Pk (random sam-
ple consensus, RANSAC) 5357 B4~ 55 19 £ 3T 268

V) FL A5 J50 38 502 S 1 3 3k A A I R B R )
) o R Ff B 25 BEOR R DN 30 % o SR, 28 T VA K
T e WA e, Lok A sh ik FEES
PRI AEBIE . SCHRL 8 A RANSAC vk 1134k
=457 107 [B) 11 58 SR, 7 T 58 R A8 A5 b B 2 15 &
T A8 R AL 0 2k A AR 7 T A [R) 25 b B
ZAN V-1 1) 85 2 B i A7 AR SR B

MY B R R AE R s B I d Ak B T
Sk S B A SR R 0045 K R A B2 I AH DG AF 9E B
B B O (D) S B B IR R R
AE 1% 43 R A7 Th 50 4 A PR 2 5 (2) IR & Y = 4k ST
TR 25 B A T4l 42 = 48 2 18] 19 25 Mg 15 8., T J
h Ak AR AR AR = Y 2 8] g R R R R
SCHRL 12 DB 250 ik i iz BN TR RS =, U
R B R B BURF I 2 % ik = 42
(i) 371 25 K I 55— A A% A AS0Re0 32  — 30, T A
“h Harris £ SRS 7 W6 047 e N F o 4R HGF B
BT 8 Bl I R S By A3 B 0 5 vk T A
G KGR M O A — R HH A2
I AT A T A R i B R 1 T B B E R E
BRI 1 ik i

25 DT IR BT LR S = i SR T 2
PR — A0 2% H 22 48 5 11 [0 81, 38 AT R JE
G — Moy B RFEFRR MR A
e = HRE ZEH T2 R 2 R ERNRET
F18) R ARG 5 9

1 JTEHBEAHLNRFARTSZ S
REUTT &

AR S Y — AR T AL w9 SRR T
G HLAR o7 o B UK A 455 T4k B R AT 32 B
7 HE 73 A ARF TR 58 4 R0 A BR

TE AL BEEY B, i 2 Bodls A4 J) A b 2 5%



1218 BOBR 2 4 (fF B A D

2026 46 H

e % Jay B AL BR R S B 2 b L DA A AR )R
T4 22 4019 J2 SR OF S OR B AN S AR AE 4
R AERS LA Al i B 48 R KR L TR AR e R B,
T bR TEFEAS B, 8 55 el 5T USRS 22 e b 3
i SRR T3 2% A B AR DR AR B 2 4E
G IR AVE S RS L o o N I T VAR (RS S
2 45 52 R L FH AR B8 1 R IE 3R T TR AT R
W AEFRAE 53 BT B B, 7853 25 JE R SR T 4% 11
JUART TE AR 4B J8 3G 2 45 AR P ok Ay R ik R B, 7
2 RURE LR X A T 26 0 1 o 350 )8 T30 % el i
A7 38 ME DX E] 23T o RRAE S 53 [ BE, CatBoost (cate-
gorical boosting) 73 & A5 B K i 6 2 42 TH AL
55 B Ab 3SR W, O Ak T B A SRR AR A I T i

PR SN

L

ikt 3 > 3
G4 )

St A AR T 2 ok Y i SRR T £ KR AR
PN BIROR , e A S B G i TR SR L. 3R
JE A G R AR BOT L AR N 1, b, Ttk
R H N W 23 5 3R 2 8O A R 3R A el
Jry #8 23 H) 3 3k v iy = 2 s ) RUEE B B O )
Az R el A R T RS T I e, X
M B AR AT LS ) — A Ak B M 2 AR AR
PEIUT5 vk A N 2 PR AE L S F TR AN ) RUBE (14 ¢ A1
HBl, T 2 ROE R R R 455 T35 A
B bR 1 R A 4R O K XN YRR AEHE B, K &
AR BCRE N 2R H SRR T = O s A,
it CatBoost It fb AT, 52 B4 Ak 4 56, fie ¢ fir
SRR T 2 k0 03 26 45

 —> : CatBoost —»

Sy Wi
WK HZ

B A SR T 4R Uy R
Fig. 1 Flowchart of Edge Points Extraction Method for Building Roofs
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Table 1 Comparison of Mainstream Extraction Methods for Building Roof Features
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Table 3 Airborne Point Cloud Data
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AR R 48.91 47.58 51.39 50.51 49.69 50.99 46.62 45.91 51.38 48.95
JE] Ak 2% 58.97 61.79 60.75 57.93 56.43 55.50 53.31 51.84 62.01 57.07
DIk S 50.70 53.10 52.80 52.38 52.20
l TP T B 53.93 57.67 60.50 63.39 65.33 66.77 67.86 68.33 64.33 62.97
e 3T 408 F I S 51.24 51.81 52.02 52.08 52.17 52.27 52.31 52.36 52.21 52.03
Ao 50.96 59.24 55.50 53.91 51.45 50.79 50.58 50.09 51.88 52.82
A 50.96 58.88 61.72 60.72 60.08 59.35 59.09 58.57 57.49 58.67
A 50.96 50.43 50.94 51.51 51.81 52.04 52.03 51.69 50.96 51.43
FHIEAE Z 1 50.96 53.48 54.70 54.44 54.52 54.42 54.43 54.50 50.96 53.93
7% 50.96 54.38 53.48 51.42 51.45 51.12 50.97 50.75 51.07 51.82
A 50.00 53.61 54.96 54.85 54.53 54.47 54.45 54.58 54.18 53.93
2% 1) 5 M 50.96 59.77 55.70 53.50 52.00 51.30 50.00 50.07 53.78 52.91
LR 50.96 61.34 65.21 62.56 61.01 59.75 59.20 58.54 62.03 59.82
- 181 50.00 63.71 67.54 65.54 63.59 60.71 60.05 59.30 65.21 61.31
Bz 50.96 59.77 55.70 53.50 52.00 51.30 49.99 50.07 53.78 52.91

F AL 50.96 61.55 56.03 54.01

52.48 51.96 51.40 50.75 54.28 53.64




1224 BOBR 2 4 (fF B A D

2026 46 H

H 2 4 R, T IRAR 2 AN AR 3 A 2 B
T A A S G Ak R R A i R L A 2 A T i
U, U AR /N ROE I R 3 2 i s R R WIR R
FRIE T 4R BUR DA 05 8 . V1 EE7E e R
VI R PR 2 5 R 00 1 i A A, /2 300 408 o0 B 85 7 e K
RUEETR ToU ik 20 AE , H I 84S RUE ) ToU 34 {H
WA R AE R B . PR 4 T ST AR Tk
A U 22 A IR AR AR IEAE R E 1R Y
ToU £ 4 W 78 50% 724 , Ui W AR Sy B — HR F 7
T /N RUBE S8 38 P XoF 120 % o515 B 10 % sk A Ak ST IX 4y

RE I A R X GO B A RStk 2. th T2
HURRAE T 1 S 36 IC BT AT 26 A 1 SR T kA
T, A0 AR ZR LA R A 0 4 i 2 e
st Wik, %5 ABMERSE IR IT RER G PP . &
HER AT 5 ToU P45 — 2, H s E 702K M
(R PR UE LS % 0 HEANMIE T 1000, DLk
— JUE N PPN R 22 . 22 U TT A5 ik Y £ v
FIF RS RANR 5 PR |, AR (EBOR , AURFRIE
YU D 10 G i BOAREZAS v ELSE 3  n Y LL BB
BRIV REAE o 722 S0 J28 T 0 5% e ) 310 8 i

K5 SRETEREMNEERE

Table 5 Precision Values of Each Feature at Multi—scales

FRAE 2 R 1 R 2 R 3 JUE 4 REES R 6 U7 RES  dlal Pl
z 63.09 63.09
TR E 52.54 55.88 55.08 54.61 57.33 57.00 56.75 55.67 57.20 55.61
AR 51.53 50.30 52.41 51.83 52.75 51.55 51.99 51.11 52.59 51.68

JH Pl 22 61.09 63.61 64.82 64.00 64.12 63.17 63.87 61.80 65.64 63.31
DGR 61.56 64.36 63.93 68.70 63.28

e 3T 408 I 0 S 67.04 74.72 79.88 81.76 82.92 84.58 85.68 86.99 85.18 80.45
SRS 5PN 63.91 68.57 70.06 70.90 71.91 72.75 72.81 72.94 72.39 70.48
Ao 51.47 96.94 99.20 76.44 70.63 74.80 65.02 55.46 59.64 73.75

X 51.47 64.59 77.36 80.42 82.05 79.61 79.35 79.69 70.15 74.32

25 51.62 53.44 53.86 52.31 52.56 53.84 54.81 55.54 52.14 53.50

R E A 22 il 51.47 56.21 71.27 70.00 75.82 76.65 74.58 73.20 64.10 68.65
ESYIE S 51.47 65.23 62.76 63.25 61.14 58.26 53.92 52.59 57.37 58.58
AL S5 52.31 55.32 67.74 67.88 74.10 74.89 73.40 72.45 74.06 67.26

2 I Sk 52.73 92.83 95.33 89.29 71.12 71.32 65.39 55.62 66.60 74.20
LRk 51.47 77.01 83.95 83.99 86.11 77.38 74.10 71.33 75.58 75.67

- B 59.46 88.17 90.81 89.05 91.68 89.35 79.81 78.01 81.70 83.29
R 62.73 92.83 95.33 89.29 71.12 71.32 65.39 55.62 66.60 75.45

R LA 52.79 96.70 99.36 99.50 94.58 82.11 75.98 66.39 76.66 83.43
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Table 6 Ranking of Feature Importance
He44 FEAE S M He# FRAE 2T o
1 BRE@RE 2 5.2416 11 ST (B (E) 1.630 5
2 PR A @) 3 4.924 7 12 BT AR T B B @I 6 1.536 5
3 AT AR 0 B B @ 7 4.3814 13 BRI @RE 1 1.507 7
4 R @RE 1 3.7317 14 i) @ N JE 2 1.3885
5 R Z@RE 4 3.392 3 15 EAFE A @ 4 1.350 4
6 R EL@RE 2 2.8012 16 HRE@NEES 1.3016
7 VA 2.7539 17 FHAEAE A @R 5 1.288 1
8 kAR KIS (1) 2.118 4 18 T R @ RUBE 2 1.279 3
9 BN QR 2 1.869 0 19 FEAEE AL (B (H) 1.2551
10 -1 @R 3 1.6759 20 Hn @R E 4 1.2320
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Fig. 11 Time Consumption Trend for Feature Calculation
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Fig. 12 Top View of Edge Point Extraction Results for Four Roof Structure Types

(a) SLZ%BUA UL

(a) SV 4 R TR R (b) AU R T TR
mib% [ E[SukZ 351

P14 XA 1 8 T4 I & 2R

Fig. 14 Extraction Results of Roof with Double Chimneys
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