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Algorithm Corner Extraction Algorithm

segment2), image) And

1: Function extractCorners(image)

2: cornerFeatures = deepLearningCornerDetection(image)

3: lineSegments = LSD(image)

4: for each segmentl in lineSegments

5: for each segment? in lineSegments

6: intersectionPoint = calculateIntersection(segment1, segment2)
7: if isWithinCenterRegion(intersectionPoint, image) And
8: meetsAngleThreshold(estimateAngle(segmentl,

9: isOuterCorner(segmentl, segment2)

10: addCornerToResult(intersectionPoint)

11: end if

12: end for

13: end for

14:  end Function

8 FREAHUH A Z R S



—HERMIMERBCBEAMYZENER: /Y IR 137

9 PIMIZC BT AR T =0

Rye Al ARG EE HUE BRUAAIMERE » ISR T
T IRERZ (Root Mean Square Error, RMSE) 1E £
BB - NG R AsEEE
it AR REEE G gE L RERE - &
TREREHE - AT ERABRAE A - HERE
St 0 2 —HY A L A A R A AL TR T N T
B MRS BR R B EE - BB1% - R RIS
BRI B AR R THAME - 2 tEE 5 RMSE
DAsHEEEEARERE -

2.4 AL =AM E

KB AT Al FAR AT R D A ) A R —
e R AREE - By T RS B (g F R R = AR
R ZTPHVEOR » AIHFERAEN 2 2 e i
AT A &AM T AR — e AR T - SRS
AEERTIIR G ENE R AR - 5EE
TR - F— R DU R R LA T -
FEAR e RV BB 1A AR 7 LAY R B AT B B
b Sl HAE VRO S8 R AR R RE B R D E TR
& - % o EIRE AR R R TR AR BT
(Distance Ratio Matching) » ET7 552 i Ao BEFF 0
HEHORA G - (EMHE— P BITZERRII Y - B A
B = a2 [ AR RS T 5 T

%N AT G TR SR R I R B R A
A4 40 10 Fros o FEIREO AR EARERRIVIEI T
SAGHNIE R F0 ~ GURGEBLY)RE 2 ] AT T R AR R
ez GU 1) o R 2 E ok i =AM ir 28
AR AE T R A AR TR - (e AR R A

BLEPIZEEIAAR > HERRTTRE(2) E3(G) Fre

B b o MHER ERERDERTTE - 2G5
EE RS NSO RRETR (2 HIEIH
IR > HBIR DRI S S S BT BT > IR

RERIIE R BRI R SRR T T - AEJeRT DR
ESERFTRAV2E > BFENINT I S8R IR
s AAE o FHN IR AR PG A A T
BEERE R A > TR AR G R AR A - DAERR
FEAHFEIAAAHEAR T TRt -

Z, vy I{R,, t5}

P I3{R3, t3}
IL{R, t,} ® . ® bt e 3U'3»3
_ by, P23 R
. 7 — / 7
AR —
ns s
nit er,réS
P(X,Y,Z)

10 ZOEHAT A G R E E(Chuang & Sung, 2020)

myg (X—X)+mq1, (Y=Y )+m13(Z-Z)

m3y (X—-X)+mz2 (Y=Y )+m33(Z—-ZL) (1)
My (X—X1)+ma (Y=Y )+mp3(Z=2ZL) ™"
m31(X—X)+m3(Y-Y)+m33(Z-ZL)

X —x9=—f

y=Yo=—f

Hoepo £ R x oy BIGH AR X Yo Zu By
FEPLAR X Y - 7 BB R
My~ AR 2 S5 AT
M MyM, SRS Z 28 - B 2 W2z AT ]
M/ N ZRET A 28 R TR

Aé+ (y+e)=d,e~(0,2=0P™Y)..... )

Hrepy e~ d - SRPREENERE - BEAE -
EHRE - RIS - A Bt BRAE (R
oy 2 (R BUERE - Q)T SE BEG)

Hep o RIS AN (GRS - iw = d - yf{
TERAE D AO)AA HRETERBREA T 2=
Ry PR IR - rARZ BN -

B e P 5 B 15 5 1 ) B B
15 - DA TR TR E T A - BB
HTP TR G @ s - DU E B AT 216
B » L R L PR BRASHE - TERBTERPS 5 B T



138 uimilysseaill S5l

FERE ~ EEERERE ~ RIS EFAEIH - H PR g
BIORGEG TP HIEE R RIRE AR - =IHKE
J& BRI RMSE {F Roff FEFE AR MDA &P FTC
G 2 B R E Ry bRk -

2.5fI B R EE

AT FEER F 2% T R A B B AR A 7 7%
A B — S P RG] R R B R AR P Y SR By
@ RV AT - o B AERENY
FaH o MRS | AZSARIA] > ATRECRATRE AT EYIR
HERARIE 22 ] P A SO B S AR B S 3 - BE

b ST ITRE S A IR S B Ay R E R S R

A FeastRE B R E EH AL - 22T E N
IR TCERICHY R > (LR PR EL AR ARAE AU SE B
M o BUT o3 HRRIHEE AR A (4 ~ RE ARG R
RRBLE RS S = (E D BR -

2.5 1RESRIE AR BRMAEE 2

WE 11 Fror - BhEBLEL 7 MR AR (R EE S
B ST B EMERL Y MERIARG0ETT Canny 1B
GMEAEE K DI B GB G- i
A = HE A RS e BT 4G
DU R 7 = e ey 3 7 RV SR ERRR (% o TEARER(FUHTE
B HNEREGR RN TR > K
BFER B EE R — PRERBET T/ - 5N > H
FA R P52 BRE YRS R — S AR A S R >
R AR R REARTRAE R TV - B

I AHTFAEFIETER B (e B T e ATl

A FE AR AET TRIAIIIR - PhimZ BT ReERR
R E N = e BRSO TROE © Akt > Al
S (e 4 PR T A 7 208 T A1 P AR e E 7
Z FEIRY LR R (%

PRI > AEFREEEIUT - AL AEEF AR 1A
{E ARG > ANfEl 12 R - 8 12() Ry ElE - 24T
Fuoig > P18 P2 fREHGHE Ry—(ReREL > T P3 B2
P4 A Fo oo —IARERES - 1B 120)AIR T (5
PIZEBY o $HEIETEI - AWTIEE BT R AG 4R B
£ T P R T R A e - LS 1 AE RIS B RE
FH BV AN T Re 2 > B0 L ] RE S AAE

FEZTNE

FE=H REINZ3FIA

FrEFR A AN G TR I o K TR
AW E TR SRR HIRIE - BISTE ]
TKLRESHERAL - AR SR A v s —E
AUFTMGEME - SZPIRE(ERR TR =4 AR am B %
Sh > TREUATCARE R 2 YA - flan > fELEE
THETEYT - P IE E R E s -

5 UAV# 14

Canny #4188 & E & #3%

l

BBIEAD B o T

[

A I
LEsE Tl

[

BATHRR
AR 2 mREER

11 BEELRER A HHBE R E T4

(a)
HOO%REPGEZABLE
BEER  RBKA (HEEATFHRE)
FOB %R (SHERHRET)

12 JEfgR b B WiE DL ik 2 R e L 2 5]

Fo TS E A E AR T RE - A5ERR T8
AT EARE R T RGN TR AT (2
M DRSPS 2 R > 408 13 ForR -
1> A 81 B Ry YERENEHFTE Z B ey AR
MR » G ER AT TR R
6] - GkEEFORBEAHE MG - MEERAIR
AN BHENE » S AR R R TR HE BysE
YA - P BERy AB &REZLIELL O Byrfuly > 9P
RGBSR GIR AT R SRS © a B b JISTHIFR
TINe B B A AL A il



—HERMIMERICBAMYBRENER:

13 GG RS

FEREAEFET - ] Canny B NELERIEH
Al > EAER e BB B A6 - R
BEEAEE AR R EMBERN AN 25
CityGML ] LoD3 “F 41 IR - AR 7Tk
AT BRI S TR R R iR 2 me [FIfEH
=M AR I 2 e gt o SHHERRITH
SV HETTHE—25 FIET - DAMERS 2 A A2 A I A A i
FRazsle e - bt EE R FEE T B m AT E -
NP EERY AR R (e - AR AR T
SIVE ELCSHI WA FRG - B2 IS R (E ARh e AR
Z B Ry Gy > A6 BABDC AR EH A SR
& o SR SR BRI SCRE RN Ry SV HYSINTE » Bl
B S o ) B e R g B R B P — <1 00 U
SRR Rl - Hob - P EHREAHEE
FIFIEEREMER (Distance Transform) J57X > #HH#
152 T Y B 3R 2 AR S 5% P SE RS AE B TP AV iz
B o ¥ KRR EAES  BLO - JITHATAEE -
DURHI Y R il B A et

TR ARECEER - DR E R
& Z FEIREA o BT RV R RS HIETRE P SR
& A AF R R SR AR B AR - T Jﬁt BfEd
B R R AR PR SR B AR SE AR (B

fEEEEE (Depth-First-Search, DFS) (Tarjan, 1972) »

DUSHIRGEHE TP AR R i R B B RGO P2 R 1 -
BEPE B AR TS > SR AR ERETRE AT A
FIPAGTH - AT eSS ESAYE R i - INIE - #F

NERZEERERVER A T4 - TR

&R~ TR 139

B T RS » BB
YA SHEE A A E T E

e DA RS BE—AREVE - 5577
I > EAREHEE AR Y — B P b - R
FoPAE - IS RN B GG es n T sl -
WiE 14 for - 2o SERSEes RIS
I > EE{EHEST DFS I > W& G HERan R —
I H PSR ERN R 5
A #dfoy R R EH -

HFAE
BRI EARE—

14 BAFAGEZREE

252 EHARERERA

FESERAID I SRER I B (R - R AR TREARG
BRI FUARERET  HUEBUARANE 15 FoR - FEA
Wrge - REEA R R R e PR R T B R
{EL PRV il B 5 i AR AR o B R SR T R BT Y
LT o R ARG B R LA AR Y T M A A T 2
SRR R R AR - IR BT
B BT U B i R - 528 RUAH £ 35
STIRAZ AR e EYEE LS SR AH A 2
HEREREEAE 16 Fos - Hoo [# 16(a) 2
VI A 2 AR Z B HEIREZ IR
16(b) RINEZEIW B HEM A\ Rt > HEL
#7305 1% ARG A B Ehak ] -

R EREE AT - SR FEESE
Tt SRR - BIMEUE = 422 TP YT A 78E  HEEE
i EE E BUK PRV E SRR > (R ZEfE Y
VIR E A& o MR E R E R AR R
B EREHBHGT §6K -



140 ARENST E-+hes =0 KB 113F9A

ERABERRES \
BRE T A F
FIbR A 26

A48 ) 15 E 5E

B4R
A48 A& 3

B EH

BREENEZ AL

B RS

CEMRAERE
AT A 3

= |
e S L

Zuy |/ <
L pray R )

5 3 > ANBRA F M
AR iR SHEHL LT 3t 5

l T

SN 5 AR AR R AL PE
\\ . \'/ /

& 15 FEfe At E s R AR B

(b)

[ 16 Y FART R B2 I s o R E

S ELRAR AP Ef TR B, ~ BRRAGRIA ~ RS Case A Fliw > FE TR oA &2 A B e 6%
A &R - AR EEEE B TR AR BB R} - Ry B — B
FRARES » X188 MBI 2B I 4 B LB 4R T B A Lo RIS TR B L T TR S AT T B S T
il TR - (FANGRIAEFIIEE gk TR — iR L E A o T o L 4R B > 5 1] RIlAE
R FAE 18ty HEr=C Bk P TR 19 T R — PR SRER &) - 8] 17 2 Case B
AR BRI S - AL B B Bimies: i o
DASE BB P M0 1 P & Y SR AE A5 Y (Watertight
Wireframe Model) - LG H AIEASREE 40 ik - Case A. Case B.
OF- YN it

A, HERBIAE R - e L

B. LUE— 855 /0 a] DU R s B O
C. HEIER Bk
D. RSB Z ) — 2L A R
RLRREL Y B IR Y B 3 pem: meFE
P B B T L O o o it sk
T ERGGER AT Simas B R TRAKREANSAS
SRR o RIS R TAR T R » I 17 2 B 17 AR B G T EE




—HERMIMERICBAMYBRENER:

() A gE s s

A. DIFTA4REL S B AME RiRee B &g
SR -

B. DUE—4REEZ /D mT4H A ma {8 i s S Al -

C. HW EREEEEER &R} -

D. {EEERIAEZRE S E— A4S BRIt
H—MR Fl1 o BRI  fiE—
e Y F1 2 FH F2 » 5 F2 R HEE T T
FAERUA < H IR FE T T 2 S 2 AR DA
Fe EIRRAREE 2 S T AL AR T o 2 T AAASE » 41
18 7 Case A FfiR - 1 - Al F2 15 R E
PRsE 2 S EEREER SR EE R
HR RS AR AR HERA DU B ARAR Ry
HIFEE - 4E 18 2 Case B A7k ©

E. {fif] bt DFS JEEEL » #l D EEE o alk
PG Z SRESERE - B9t » FIEARPAS Z Wilihh

G AR — R - 52 AP ERH

JE % —IRER B IR — (T - 41[E 19 2 Case
A P e 256 0 AREBEA 2 SRERE AR B 2 ¥
TRAREL AR R — > 20 19 2 Case B Ffiiwe

Case A. Casc B.

Réd A0
@R L BLA 2%
T R
BB AR AR LI A R 2 SRR

18 ELNEREZ(E W —H 2 AR EERE

PRABSERRIRE

Casc A. Case B.
[ ]

|

K& d@m BA &

K@ RL T BLA 2R

F AR L EALA B

B8R AR AS LR R R 2 SRR

# HomAzRBEAMAOR®

19 BRREG Z R & 2 AR R EE

&R~ TR 141

(3) ZENEAERZ BfE ke

A, ARFPIER A Fae (B ERF7KSFITRIEZ
ARELAH HHEIE 2 = FRBRBHVE R R
AT > W H BB =fREE -

B. BEAZRHIGREAHER (M T 2T
HIRLAnlE 20 AR o

C. HIENERRIRETEI AN 2 0] -

D. fEJ77% BAFSHE B 2 RS4R3 Bl B
BB AL (R 2 S FRAR A5 T R SR AR W (.2 BE
ARSI PEAEER R AT PRER ) 2 B
% WIAGREEI SRR AVEERE B AH % - AILLZ
SRR R T > BRI,

(@) O
e
R R — o
HRE3s  BRA 2R
eI ERA
HEOAR T ARIEH AR LR A A A 2 SR iR
¥ S mAzREeRE A KD
B 20 APPSR BiEtEEREAR R EE

FERFERI T > PLERA R SR #E A

/ ; il B2 S A i TR AR P (I B L R 22 TR B e T

Z > QU8 21 FOR o HNELEERARIRME - 1R
HE BB EIRE AT > BT R e T
HEITEBEHE - B BARELSEZEYIE
TP ReE SN S MANHIAR L K AR (i B AT
REEHETTHIE - $HERZIEI > AWFFEaE et H DL

B AFE - A REERHA R T
EARE  HPSME &S ZIRNE AR EZEAE -

LI J22 Ay 1 B P 0 B2 e i v i R Y T 2
R o LAURTRNEA BRI R TH ARG B ) | s
DUAERRER T % - B E BRI AR E R ER -

AR B R B R R TEP A - WA AR BT
] Iy TP T AL T 2 7 Rl B Py B - S )
FREEREAREN - EEEARIE
[ 94— E B - WA REEESESE > Al
FE Bt AR - 1% » T B0 AR [ i B R TR
T — e SR L DA SE AR P S -



142 uimilysseaill S5l

(a) (b)
21 EHtgRLE A EE AR 2 EREE] o Hidr
(a)FHHpE B HL 20 5% 2 Y TR AT ~ (b)
Hi IR R T e LR 7 K ARG

3. HislEesg
3N EHREY) =GR EEAE R

B TERREATE R A Z B Bt
VUSRS TE A AT SRR - R
PRI R TR A ~ SRS e =428

RN ~ ERSRAT R T AV T R B B

Wi 22 For - PO R s 2 R ) — 2 i) -
FEHERE DIT Mavic Pro i ABE#ETTERITE
% BY—WER SRR A 4.73 mm 2 fpE
3 AIEA 50 m Kz 45 m 2 fifiis T HE B R ERHERE
SE > B TR B FERE & 0.017 m % 0.022 m - Eorfr
e B B BL/c A B Ry 80% K T0% 5 1Y)
T2 AR RO E R PR 4.76 mm Z FREEST R L 40
m J% 30 m i T E RO EE
[ETHUERFERE Ry 0.013 m f2 0.013 m = Horfr » 72 E 1k
BB S B R By 90% K, 80% 5 ) = Billdy)
PURIERA 6.09 mm 2~ fEEES3AILL 45 m K2 25 m 7 ffii
o T EE R RO R o Y 2 St R RE B

siwstap [ rosaetan

piszan ] soenezen

RARMAKE T2 =48

F_+NE

F£=H EKBI113F9AH

0.012m & 0.014m - Hr » F B 2 Ak oA A
A B 80% K2 80% -

P A RGBT AT =T e - BFEFaES
FHE(AIARITEON] - AREEEHUR RUEBL AR = 4k
TR TR AT BB RSN R 2 B3k 40
PR IR TR B SR A 23 s -

AT LA B (o P B IR P A s (e 1T FRUAIESY
CFRBUE I & - fE SRRV SR
B A HB Y Y B o B RS Y B =
A BRI RS AR B E B - [FjEL - 3% 3
TEARZEIIAS SR P - 35 A R S A I HL AT
18 AIHRECES g AT maEy=- - &
FrEOfEN B IH - IRSEE K EERGEKE
B EIES TS TEREER - EREEERUER
TR SR A SERR M > MU FE AR - TSR 4
HRT DASEER - ) = BV R B A R AT
B o Ho Y = AAE & 22 F] 40 cm -

KA ARG EREIE P18 » EVISRERSIAY L
SRANE 24 BiFR o Bt [E 24(a) FSRIERAY 17
B 24(b) Fe&RAERAIGE 5 B 24(c)Bi(d) 7
1 R SRR b 1 e B [ S B2 5 T 24(e)
RS e A i EARIE 5 [ 24(0) RSRIERA gL
{HIRRE - Tl 24 2 B (0BG R —MERE 4T EEE R RE
TRERE 5 SR EORE R 2 RGN B & 2 B o SR
25(a) FodRHERAY AHE S [E 25(b) RREREAY IR
B 25(c)Bil(d) 73l K SR ARSI 167 [ B {57 f
ZHIE G B 25(e) RodRAERAI R EARIE
25(f) FoSRMER R AR A (Il - B C it oy — e 5 4T
OBk Ry KR FERG <

FHELER

BEREBRAAME=ZHRZRE W B R KB A B P
(24 -) (=) (EHh=82Hhm)

22 EHEYIEG



—HERMIMERBCBEAMYZENER: /Y IR 143

2 AR EE A AR BRI Y) 2 R0
PR B E IR

Precision Recall AP APsg AP7s APy
= — 0.99 0.95 0.56 0.96 0.79 0
E=Y 1.00 0.96 0.48 0.92 0.60 0
Y= 0.98 0.88 0.51 0.94 0.72 0
fEZ]| 0.99 0.91 0.53 0.94 0.76 0.02
RRAARE T2 =4 WRMAAME=ZHZRE W R BRI HHE P
(EH—) (EHh=) (i = st dyve)

23 AR BRI TEAS SR
* 3 ARERAUERARIEE

RMSE (px)
=Y — 6.3
T — 5.7
EY= 11.1
Yy 8.0
F 4 B = I E R RS
B m By — By BEY= jectz|u
LS 0.17 0.15 0.19 0.17
SR 0.18 0.15 0.21 0.21
BLEE 0.25 0.21 0.28 0.27
B RS L ERERE 0.07 0.06 0.04 0.05
A AP Sl i 0.04 0.07 0.08 0.06
TS s B 0.08 0.09 0.09 0.08
TS R S E 0.24 0.18 0.31 0.24
R SiEhEE 0.24 0.24 0.28 0.23
i 2 B BT AE S 0.34 0.30 0.42 0.33
q—t@
1
¥
1%
&
i []
R
®

s — L
24 Y — B SRAE ARG R IR E - (a)E(c) By EARIE © (b)ER(d) Ry IR E



144 uimilysseaill S5l
YRR EAEATAE 26 For o mAHE
RIS RMERCIRNR 5 f - AXERT - Hit
AT T efe Pz - EREREINGH -
RERPHIBIR T LUE » B RB ER R GE -
FE—fCREEARE R0 o7 - R BERG AUt 1 — A
BEAVER - (E13 B AVAREIS A B A Sy e
P o Horfr > Y —AUSREZUCACA (MR) £ 0.01 - oR
REE ISR ESIIN ILBIE TR > Y=
A G HERZEM AR -

32T

IR E SRR o] IR E R Y B A A

G/

25 FRY) = BT G R (N i SRt

(b)

(a)

F_+NE

F£=H EKBI113F9AH

B R EE TR AR R B R - EEH
R R Y AR H A PR AR R e A o i
1S AR B R A m] 1S AT AR 4[]
R o TEARAERUGE IR DURY)— Bl AR E -
] B ALY 45 (] R O R L S B 075 Wi L S
e fHE S Y =My r &R Ba Pkl
HARGUIRER S R TEA B K EE R EE 55
FEREEE AU FUERTRREN]  EEERATEE - FRIL
ZHh > AR B A4S RS — AR A e R
ENELS T ERRH o ROHUE R BRI L -
ARSI GHEBA R 52 2 -

e

()8 () By LA ¢ (b)EE(d) Ry

i

(©) (d)

26 Y —HERERER R - FE Q) REY - EEYI

5 EYGERRR SRR
—REEh JiE o TR L EREY
Hiwbp# Fi MR #klp#i Fi MR aip# F, MR #kEg# F MR
B=Y— 63 0.99 0.02 38 100 0 100 100 0 137 0.99 0.01
Y= 113 0.98 0.04 20 1.00 0 128 100 0 157 1.00 0
H=Y = 8 1.00 0 4 1.00 0 12 100 0 17 100 0
jesz]us| 44 0.99 0.02 15 1.00 0 58 100 0 62 100 0




—HERMIMERICBAMYBRENER:

SEGITIS  FTEE RAVIEAIEASE 77 & LoD3 (Y
TR SR ELT R 30 om > R BL ATIERE AT
F 10 cm Py - BLELERIFEAALE - AFFEIESS R
A ERAE LU 2% 78
(D) BRFsEREY) - RZBE S LERWIET > T

Gl B e SR SRR TR AT B A M T

ATFEEE HAVREZR RIS S B A Y S R HE T T

i B RIREANSIT LoD3 YA LR

TAFEINERR -

(2) HHEFEEYIHTEIEN: AT TR B A Y A AR 6L
FEILAIERTH ~ B2 SHEHTEY) » SR 45RE KAl
&t (WFBE -~ KEREE ) - FESCE T - BTt
I T IRIREREL ~ PREGIRTE T B IR AR - EE
TRV D 2R B REE RE D BB L
EHESTEEREEY) - HVSEEEE 30 cm -

Q) FEREAREE R EDE  RER BB LR AR
M Awtgeiet T — SRR EREEEL » DL
PSR PTERE  E Y AR IS RYY S ER P SRR (R

(4) PR JFABESAIRE | AR 7 B 12 T REOR B )
JFABIRE /KPR L - (ST
W BRKIRER ORI AE » TUERIETH -
HRERY 2B AT S TR

\\\nﬁﬁ
ZIN R NS SN RV 4 JiFe 27k

TR H B LR EAEZR - BRI S BT - &

BREHRE SRR ﬁﬁ/\ﬁt}\ff& ZE T ie i
PEE i - SR ERPE IR ~ AR K5 EP
S HELEES - PRI RSRIRSS &
RSB EE R H MY AR B AR R

TENL R HEE - BHEAREREEY Sk
B - B IIREREET] 30 em (N FF & LoD3 1Y
FEREEOR - HEEAGRAAR BB e B AE 98% - BF5T
RCERA B 5B LoD3 B IE AN ALY B AT
1 o SRR -

\ ~/

‘I

EEAFE I T B[ 2 T & SR i
e LER - HWEIE LIEERGRIPE - 3

FER T FTETIREI R o AWTEHTEYIARAER

&R~ TR 145

R BENERAER AR BRI 5 T IR &
il o BURZHHT TN - SRR ERG A i
HbERRS ~ ROCREEYINZE  BRRNREE
LAY - EEPEEIIRSE RN o it > b
FuistE o HRE TR B L R AV, - S8R
SR > R AR R R B A R A M TR
PRI > R AR — e LB SR S RG B L - ATT0A
HAEELUARCE © 55— 518 > AWTFTiE i AIRE BEf
BHER A BUA AN SR UG - IR e
FEHHVRATORE S BT - AR TP R
AR > BRIFE TR > SRR
se B S H R  RIL » AR ZERTZE SRR AER
T O] F Ry AR R A - Y SR R A
> AR TETIRERIZ B L - [k >
PR =4 RIIEEAYRR K - FEE SRS - ZHEM
ENERNEASE el Dt 327/} L Sil==e S IbPeNTE
iEE S PREK - BT Bt AR R AR T
LoD3 ZE&R i « AafE &SR » éﬂi_%“%ﬁﬁ
FORBEREE T - BB H S - sdse
EEMEIREATEE - (RINVEH RHRARTERE -

SRR
Abdollahi, A., Pradhan, B., Gite, S., and Alamri, A.,
2020. Building footprint extraction from high
resolution aerial images using Generative
Adversarial Network (GAN) architecture, IEEE
209517-209527, DOI:
10.1109/ACCESS.2020.3038225.

Aharchi, M., and Ait Kbir, M., 2020. A review on 3D

Access, 8:

reconstruction techniques from 2D images,

Presented at the Innovations in Smart Cities

Applications Edition 3: The Proceedings of the 4th

International Conference on Smart City
Applications 4, Springer, pp. 510-522, DOI:
10.1007/978-3-030-37629-1 37.

Bochkovskiy, A., Wang, C.-Y., and Liao, H.-Y.M.,
2020. Yolov4: Optimal speed and accuracy of
object detection, arXiv preprint arXiv:2004.10934,

DOI: 10.48550/arXiv.2004.10934.



146

ARENSET E-+NE

Buyukdemircioglu, M., Kocaman, S., and Kada, M.,

2022. Deep learning for 3D  building
reconstruction: A review, The International
Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, XLIII-B2-2022:
359-366, DOI: 10.5194/isprs-archives-XLIII-B2-

2022-359-2022.

Chen, D., Zhang, L., Mathiopoulos, P.T. and Huang, X.,

2014. A methodology for automated segmentation
and reconstruction of urban 3-D buildings from
ALS point clouds, IEEE Journal of Selected
Topics in Applied Earth Observations and Remote
Sensing, 7: 41994217, DOI:
10.1109/JSTARS.2014.2349003.

Chuang, T.Y., and Sung, C.C., 2020. Learning and

SLAM based decision support platform for sewer
inspection, Remote Sensing, 12(6): 968, DOI:
10.3390/rs12060968.

Faugeras, O., Robert, L., Laveau, S., Csurka, G., Zeller,

C., Gauclin, C., and Zoghlami, 1., 1998. 3-D
reconstruction of urban scenes from image
Vision and

292-309,

sequences, Computer
Understanding, 69(3):

10.1006/cviu.1998.0665.

Image

DOI:

Flamanc, D., Maillet, G., and Jibrini, H., 2003. 3D city

models: An operational approach using aerial
images and cadastral maps, International Archives
of Photogrammetry Remote Sensing and Spatial

Information Sciences, 34: 53-58.

Gadde, R., Jampani, V., Marlet, R., and Gehler, P.V.,

2018. Efficient 2D and 3D facade segmentation
using auto-context, IEEE Transactions on Pattern
Analysis and Machine Intelligence, 40: 1273—
1280, DOI: 10.1109/TPAMI.2017.2696526.

Gruen, A., Schubiger, S., Qin, R., Schrotter, G., Xiong,

B., Li, J., Ling, X., Xiao, C., Yao, S., and Nuesch,
F., 2019. Semantically enriched high resolution
LoD 3 building model generation, The

International Archives of the Photogrammetry,

F£=H EKBI113F9AH

Remote Sensing and Spatial Information Sciences,
42: 11-18, DOI: 10.5194/isprs-archives-XLII-4-
W15-11-2019.

Gui, S., and Qin, R., 2021. Automated LoD-2 model

reconstruction from very-high-resolution satellite-
derived digital surface model and orthophoto,
ISPRS Journal of Photogrammetry and Remote
Sensing, 181: 1-19, DOI:
10.1016/j.isprsjprs.2021.08.025.

Huang, H., Michelini, M., Schmitz, M., Roth, L., and

Mayer, H., 2020. LOD3 building reconstruction
from multi-source images, The International
Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, 43: 427-434,
DOLI: 10.5194/isprs-archives-XLIII-B2-2020-
427-2020.

Klimkowska, A., Cavazzi, S., Leach, R., and Grebby,

S., 2022. Detailed three-dimensional building
Facade reconstruction: A review on applications,
data and technologies, Remote Sensing, 14(11):
2579, DOI: 10.3390/rs14112579.

Liu, H., Xu, Y., Zhang, J., Zhu, J., Li, Y., and Hoi, S.C.,

2020. DeepFacade: A deep learning approach to
facade parsing with IEEE
Transactions on Multimedia, 22(12): 3153-3165,
DOI: 10.1109/TMM.2020.2971431.

symmetric loss,

Ma, R., 2005. Building model reconstruction from

LIDAR data and aerial photographs (Ph.D.),
ProQuest Dissertations and Theses, The Ohio

State University, United States.

Malihi, S., Valadan Zoej, M., Hahn, M., Mokhtarzade,

M., and Arefi, H.,, 2016. 3D building
reconstruction using dense photogrammetric point
cloud, The International Archives of the
Photogrammetry, Remote Sensing and Spatial
Sciences, 41: 71-74, DOI:

10.5194/isprs-archives-XLI-B3-71-2016.

Information

McClune, A.P., Mills, J.P., Miller, P.E., and Holland,

D.A., 2016. Automatic 3D building reconstruction



—HERMIMERBCBEAMYZENER: /Y IR 147

from a dense image matching dataset, The
International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences,
41: 641-648, DOI: 10.5194/isprs-archives-XLI-
B3-641-2016.

Mesolongitis, A., and Stamos, 1., 2012. Detection of

windows in point clouds of urban scenes, in
proceedings of the 2012 IEEE Computer Society
Conference on Computer Vision and Pattern
Recognition Workshops, Providence, USA, pp.
17-24, DOI: 10.1109/CVPRW.2012.6238910.

Murtiyoso, A., Veriandi, M., Suwardhi, D.,

Soeksmantono, B., and Harto, A.B., 2020.
Automatic Workflow for roof extraction and
generation of 3D citygml models from low-cost
uvav  image-derived point clouds, ISPRS
International Journal of Geo-Information, 9(12):

743, DOI: 10.3390/1j219120743.

Neuhausen, M., and Konig, M., 2018. Automatic

window detection in facade images, Automation
in Construction, 96: 527-539, DOI:
10.1016/j.autcon.2018.10.007.

Pantoja-Rosero, B.G., Achanta, R., Kozinski, M., Fua,

P, Perez-Cruz, F., and Beyer, K., 2022.
Generating LOD3 building models from structure-
from-motion and semantic segmentation,
Automation in Construction, 141: 104430, DOI:
10.1016/j.autcon.2022.104430.

Pu, S., and Vosselman, G., 2009a. Knowledge based

reconstruction of building models from terrestrial
laser scanning data, ISPRS Journal of
Photogrammetry and Remote Sensing, 64: 575—
584, DOI: 10.1016/j.isprsjprs.2009.04.001.

Pu, S., and Vosselman, G., 2009b. Building facade

Rau,

reconstruction by fusing terrestrial laser points and
images, Sensors, 9: 4525-4542, DOI:
10.3390/s90604525.

J-Y., and Chen, L.-C., 2003. Robust

reconstruction of building models from three-

dimensional line segments, Photogrammetric
Engineering & Remote Sensing, 69: 181-188,
DOI: 10.14358/PERS.69.2.181.

Schuegraf, P., and Bittner, K., 2019. Automatic
building footprint extraction from multi-
resolution remote sensing images using a hybrid
FCN, ISPRS International Journal of Geo-
Information, 8(4): 191, DOI: 10.3390/ijgi8040191.

Tarjan, R., 1972. Depth-first search and linear graph
algorithms, SIAM Journal on Computing, 1(2):
146-160, DOI: 10.1137/0201010.

Von Gioi, R.G., Jakubowicz, J., Morel, J.-M., and
Randall, G., 2012. LSD: A line segment detector,
Image Processing On Line, 2: 35-55, DOI:
10.5201/ipol.2012.gjmr-Isd.

Wang, F., Zhou, G., Hu, H., Wang, Y., Fu, B., Li, S.,
and Xie, J., 2023a. Reconstruction of LoD-2
building models guided by Facgade structures from
oblique photogrammetric point cloud, Remote
Sensing, 15(2): 400, DOI: 10.3390/rs15020400.

Wang, J., Xu, Y., Remil, O., Xie, X., Ye,N., Yi, C., and
Wei, M., 2016a. Automatic modeling of urban
facades from raw LiDAR point data, Computer
Graphics Forum, 35(7): 269-278, DOI:
10.1111/cgf.13024.

Wang, M., Yuan, S., and Pan, J., 2023b. Building
detection in high resolution satellite urban image
using segmentation, corner detection combined
with adaptive windowed hough transform, in
proceedings of the 2013 IEEE International
Geoscience and Remote Sensing Symposium -
IGARSS, Australia, pp. 508511, DOI:
10.1109/IGARSS.2013.6721204.

Wang, Q., Yan, L., Zhang, L., Ai, H,, and Lin, X,
2016b. A semantic modelling framework-based
method for building reconstruction from point
clouds, Remote Sensing, 8(9): 737, DOI:
10.3390/rs8090737.



148 MARZBAST EZ+hs F=H KB 113F9A4

Wang, R., 2013. 3D building modeling using images Zhang, C., Cui, Y., Zhu, Z., Jiang, S., and Jiang, W.,

and LiDAR: A review, International Journal of 2022a. Building height extraction from GF-7

Image and Data Fusion, 4: 273-292, DOI: satellite images based on roof contour constrained

10.1080/19479832.2013.811124. stereo matching, Remote Sensing, 14(7): 1566,
Wei, S., Ii, S., and Lu, M., 2020. Toward automatic DOI: 10.3390/rs14071566.

building footprint delineation from aerial images Zhang, X., Chen, K., Johan, H., and Erdt, M., 2022b. A

using CNN and regularization, IEEE Transactions semantics-aware method for adding 3D window
on Geoscience and Remote Sensing, 58: 2178— details to textured LoD2 CityGML models, in
2189, DOI: 10.1109/TGRS.2019.2954461. proceedings of the 2022 International Conference
Wen, X., Xie, H., Liu, H., and Yan, L., 2019. Accurate on Cyberworlds (CW),Japan, pp. 63—70, DOI:
reconstruction of the LoD3 building model by 10.1109/CW55638.2022.00018.
integrating multi-source point clouds and oblique  Zhu, Q., Jiang, W., and Zhang, J., 2015. Feature line
remote sensing imagery, ISPRS International based building detection and reconstruction from
Journal of Geo-Information, 8(3): 135, DOI: oblique airborne imagery, The International
10.3390/1jgi8030135. Archives of the Photogrammetry, Remote Sensing
Yu, D, Ji, S., Liu, J., and Wei, S., 2021. Automatic 3D and Spatial Information Sciences, 40: 199-204,
building reconstruction from multi-view aerial DOI: 10.5194/isprsarchives-XL-4-W5-199-2015.

images with deep learning, ISPRS Journal of
Photogrammetry and Remote Sensing, 171: 155—
170, DOI: 10.1016/j.isprsjprs.2020.11.011.



—HERMIMERBCBEAMYZENER: /Y IR 149

Automatic UAV Image Reconstruction for 3D Building Wireframe Models

Yu-Ling Huang ! Tzu-Yi Chuang 2z

Abstract

3D building data is vital in smart city planning, management, and energy assessment. However, constructing
accurate 3D models for existing buildings remains challenging due to the labor-intensive processes and insufficient
automation. This study proposes an algorithmic strategy based on multi-view UAV imagery to generate 3D
wireframe models with detailed lateral geometric features, serving as a foundation for constructing 3D building
models of existing structures. This approach aims to improve operational efficiency and reduce costs. The
algorithm employs a pre-trained corner detection model and a novel corner extraction algorithm, utilizing a
"coarse-to-fine" strategy to achieve precise corner localization. Additionally, a virtual corner reconstruction
strategy is employed to mitigate the inevitable occlusion and data loss in urban UAV imagery. Experimental results
demonstrate that this algorithmic strategy adapts well to buildings with curved architectural structures, achieving
an average corner localization accuracy of approximately 30 cm and up to 98% completeness in wireframe
reconstruction.

Keywords: Multi-View UAV Imagery, Image Modeling, Automated Building Wireframe

Reconstruction, Wireframe Models, Deep Learning
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