LASER TECHNOLOGY

#3901
2015 4£ 1 A

Vol.39,No. 1
January ,2015

XE4S: 1001-3806(2015)01-0023-05

WLEL A I EEFAYRBEERNARAR
58 REE DRE AR ARE

(L. B KB =B B AR, =i 065201 ,2. LB T B F AR B w5 i2e 2
L, R 030002)

WE: YRMATFERAC SN 3 fa s B A ol E A E T B, 258 T E WM AN EEOE S &
AT 3 YA R R R i R AR O, AT T BB IR i HRHE DR Sh ik AR AR I R e T G
(B, TR AVAEE B T SR IK Bl 7 s AR O 8 7 3 0 A B B AR A5 K Jre ) T a4

ééﬁiﬁl WOCH AR HLERBOE TR K A3 ded s

FESHES: P231;TN958. 98 XHiFRER: A

S

B, dt 5 1000423, I TEH S

doi:10. 7510/jgjs. issn. 1001-3806. 2015. 01. 005
Review of reconstruction of 3-D building models based on airborne lidar
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Abstract: Airborne lidar is one of the important reconstruction measures of 3-D building models. Research methods
and developing progresses of 3-D building reconstruction based on airborne lidar point cloud data were reviewed. The
characteristics and key issues of model-driven, data-driven and hybrid algorithms were analyzed and discussed. The hybrid
algorithm integrating the merits of both the other methods is the significant developing trend of 3-D building reconstruction.

Key words: laser technique; airborne lidar; reconstruction; 3-D building model

51

T

WkiT 3 4 (3-D) A SRR B 3T A
?Eﬁj‘ J& 3-D M IRAE B RGN L B R §2. 3-D

SRR 2 N S ks LK L 3-D B b e A
EE FEFR VLR T AT LI R S TR A
20 {22 90 ARAURIK, ML HEOE & ik R 48 ol K w5
RSO SR HE T 2 T PR B JLART A5 5, AR BB i
ZALRBCACA fF o IX LI Y e 2 R AR o e
WAL YR T A AL (R T ) A% 2R AN (b
T R IRAAE) o A E BRI R 1 7 3k, R HIAL
O T IR A 2 A T R BRI 3-D @R
MBI Sy o 7350, WS 545 1 P s

BT H R AR 55 9% e T 5T 43 BE Bl 10t
H (ZY20140211)

EE R A 1E(1979-) , 55 JF0m, 1t 58y 1
PLEHOL A s A R I

E-mail ; 1if1223@ aliyun. com

Wik H 11 :2014-03-24 ;U 2 & 2k H 191 :2014-05-16

SeR BT, T ECE A Shb e i B
YRS 3-D 5 B AR i . R, 4 A B0
AL IR 3-D RS R A I A S B R S
R LS5 % P e DDA oK o ITTRCALER 1 B 3l
LR TR , 30 75 B R% B AN 00 B A AE T IR B B 221
FRUEZE R, A7 1R I LA £ 70 1 B[] 760 25 (R 4]
SRS B A 30T i) A 3T 3-D A Y, S A A R il
A AT A A BT 5K o
AEHUYI Y R IO LT 2 FHE R 2 S 1
ME—TT AL . P, SR AY 3-D RSB AL 53 104
JESCH IR TR U EJE | SR J5 0 AR 1R R B
ITERER) 3-D FHYIRAL, 2 R ZHETT 3-D #ifY
H T 29 SE WL B SR AL R b T A A, B 2
PRI B PR R, 3-D A HT A
AR AN 7 38R SE B, B FH R RS B0 5 40 )2
X (level of detail, LOD) [f)BiAH ¢, 3-D 455l TAEA
KA TS B LOD RYARiEE X, Horp, LODO K7 2.5
A FRB0CT H Th AR TRY LODY 367K TG J2 TH A a7 BAL B A
B1,L0D2 Ron 4 7 R A A AR Y, 1L.OD3 7R 40 45



24 W

o R

2015 41 H

HESTANT RN, LODA 2R PRAN Y PR p A0
MRAEAF] LOD (2R, 25 RT3 I ] B ) RAS T
FUTEANSNOURRETY , 1 302 K S SR R 14 2 i )
o R 2 AR O R AR AR SR I R R A T
Hfigdea] LOD2 g5

BT R SR B A AR B A T Dy S SR R R
TR S A B R R AE . B 2
MBS G b DX H i 08 A SR 119 2 A, ok
SEESUPIT il R BE E SU 07 E R s SR
A M) MG A SR A e B B 2 R A
FYERIS R, WEER IR LR ,3-D @y E
A8 775795 T 73 Ry B — B R A 22 Rl U 5 4 HR AL
PSS 7028, SOn] 73 h R SR Bl R R AR S AR 7 X
ﬁ%[&ll] .

1 B—HiERN3-DREER

i MR8 FH A R R, =S AR R HE TR LB
T ¥R I 3-D A SR B fe i A B R 2
—o ARG BAR M AT FE AR A5 R A6 DL E Ak
PR AR A S e SRR 32 2 PR, JCH A 7
PRI 0 A e R T sty 15
IR TR R . SURI TS st KR AR L+
AR PR A TR R (0 R T TR ) O $R IRCRE 3
Yy JLA] S PR 3-D F I AR A Sh AR R
[ 24 AR TR 0 D7 T RO BE AR AR B 4
AR B G R  TT SAR B i UL I ) AL BT, K 22
BTk 20T A sh g 772K, BRI R i T
PRl #RAE GORSE R MIHLEHOLTIA RG] B R
S P R0 3-D AR, A & T SR 2R IR AR T
PC ik i, i bR 2 TS 2 ) o S U L
BANS BHOCH B A = AL E R IR 5 T P
FMATE S B, HLA IR 50 1 v e e AR
KA B2 T WOLR KM W EMH 24", h
T H— BRI BREE , 22 858N b 2 TR A 3
AT AR = (W 3445 3 AN T ) v 11
Pl BAAGF- THORS BE A0 T 5 i 10 2 ERG RE , il
B RPERAGE AW A T, i A R R
YIRS S A, (HR, A SO HE X PR [ Y
BRI CHESE TR AR TR | P A e 7Y LA K
B BeR S HOCT I R 2 B B R B R T
I AE A2 R

2 HEWFR 3-D REEE
TS U A B SRE J7 THT , o KT T A

R IK S AR Sl o X PN 5 Ik AN R Z AR 7E T
FHOCEESR Y 2 /05 B g AL B B8 3K 3 4
25, MR B R 1) AR, FEAEE RS AR
T B R E R T AL B 38 3 40 BT 2 S0 0 = B H
HYRHE , ME— M SR . — e 3 i 3k
BRI B I R S ARG R R
I A S AR AT BB, e E W A AT A
HENRICSSON F1 BALTSAVIAS (1997 4 ) ] il fii 2
AR T — R R IR 3 5 1k - DO AR T SR
JEOLER I X I, 28 0 AR VS L AR 2119 2-D 2R Bk 4
I 3-D 28 B, DIt i 2 o A 8 {5 2, TR 3 22 1T AR
TP RRPIT I E A T R OR AR
WA H oy AR B Ehe . i B s 9K 3
Ik — A OG T 3k 5 = P 1 = T 4 # .
BRENNER (2000 4 ) DU 2% TR R v (1) 55 i )
RS X, SR 5 ) RANSAC S48 OF- 1]
FEI R AR T A 52 - T, o S K00 T v |y <& 42 ¢
RHASHANCR, LA H Y E . ROTTEN-
STEINER (2003 4F) Bz NOG TR I8 8 = 3 sh iR
I AR S50 DX, 0 D 23 B ARG I 2 Tt J T
4 TN 2 R, Ry Al FE B T0UAS B
B o RSB N 3 I AR R 5 R
1 A0 T {5 L AT R AP 221 . VERMA %8 A
(2006 4F) S5y FI MY S AR T, 5] AR T FMNEAL
REIRBTEH NS RKE R ER, @I HRE
TN U 7 ) 2 5 2 BUB AR, fif SR 2 4
JR TR AR BE S A AR R TS . YU 25 A
(2009 47 ) A Ry s S s T R AR E S0 K Y
ST 43RS AT A B 32 4 B 500 0 T R R
fiF 5, NS BN E S 14 3-D RAE R . ZHOU Al
NEUMAN (2008 ) DA S ¢ ) s AL , A FH v BE L
SRR B AR D TR i LA U @ o S e, 2
00 LA RT3 88, e i 3207 1)
F SR S BV J7 1M G345 3] . KIM F1 HABIB
(2009 4F ) R T Hg I & MO TR R SR E A T
Rl L R I SAMPATH A1 SHAN (2010
) BT AR A RO FR RS L EE T 2
RS R T, SR B R E s, DA T A B
LR XA FINA R 7 AL 3 3R O R R gk
TR A Ot A iU foe 8 s ) M L) s e L 42 R
XA R, S ARG ORI 2R B, 15T
UK BN J i —FE A TSR0 T e 1 R INE , $
I P 4% B4R I B4 249 R g D g b B P B



5539 % A1 g

i 3 YEEESTIRIR T A BT R 25

USRI S A T vk T DA AT BB AR
S AR XN 7 AN RE T8 A DB Y A i 7
F e g ) 29 SRR EFIEAT R AL, & 1 R

T T P R B Bl ik A 3-D AR B S 4] M i

B s PRI R =, SEBLE SR 6 5 PR B
=IO, T EIE SR T 2 AN TR] B4 T A, 3
A TR (4 R U 5 B £ 5 10 R 22 1) 3 5%
A, TR ) 3-D SRR

AN
Ly

3Yrg

R I

e Tyt )
B — R RS 3-D RO R

3 RAIKFH 3-D REERE

H1 T 52 AU 3R 3 v B S 2% 1, B L IR Bl Y
JrikCA L e ) SR T 7N B IR
ARSI A 5 R FH 55 80808 9K 3 A S SR, 7 4
R AR T AR M SCRE TS AT (ANl 2 iR )
FEAR I BAT K OB B AT W R BR AT b B
Jai, 5 AL B SRR A AT DRI, K DT e 45 R
G AR TTAE N S PR SRR A TR . T
BARUATTA G 2 & T >ERD 81T 2 H 5
FME L BT IR 0K 5y vk T A A A SR A R A
FEREBER , AR PR BUL B dy JRy a0 4 5 e 14 350
IS BHUR M RERS BIRAF B 7R b o X HLAY 3-D
S SRR — et S A i A TL TR RO A o 7E
Py SR JLARPASE Y v | AN RS 2R R e o 12 s 5
PFELA I 24k 1 i T B AR

0 D
2D &

B2 R U XA B
BT BK B3 4 FF A s AR ABOR L0, 4
BERIBARU G 1 S A DRy, AR AR ) 16 £ AL

S AR BRI AR N D580 & R AR 0K 5 5
v AT LA 3 SR PR TR £ 266 1) 45 T O R X o
VOSSELMAN #1 VELDHUIS (1999 4£) #2£H 7 —Ff
it ALY 38 SEAA T LA B AR | Bl 7 K By 3, B AR (1)
BEBE RN IR HE f A T IAT , 15 505 (00K 1 52 v LA
IR BEAEREIE E S Ak 52 i . TSENG Il WANG
(2003 4F) FENL T — s 52 A% S B 1) 455 78 9K 2
Ve, TR ORI S 1)L . ST — RIS
TF 52 A SEAG R BAS R (0 33 s B0 ol N T 9
137, B/ N TR -5 AG 304 B 0 T R AR L7
FARS & B T e 45 SR R B, T 40 08 1 K P
JiE ELER g T FH S7 R AR B 45/ N R 55 L 5 BT A
JE R, I LA S0 TG 3 10 R 2 1 i 1 5 SR
2 TEO 45 (2008 4F) MOL ik 4 5 TR
RS R LR, 3 TiX B 452 , 5 2t U 4 UL
AARTT, T 38 1 AR T AR 7Y DT D >k FE A S A 1 A
zﬂm- o KADA F1 MCKINLEY (2009 4 ) & Z« 5 55%
W 114 B el D B AR T A, SRR TR 4 F
—, PRI, A2 2 SR W i AR AR 1 R RO
R, LAFARGE %8 A (2010 4F) TA A 8 U4 2 K
BT 3-D St e vp fi] B 25 R 6L, T S DL H
Bk A7 AR 2-D AR EE R, SR LA A
Wi ALK 3-D BIRY BRI A 2-D OS5 L, iE
1o B R ] AR S IR BURE A AT DL i S0 8 L
IR AT R R B T 2 A TR by s S Ak
JUARTAR TN 3k i e 16y e S0 0 TR 75 B 45 5 1 A 5
FE, 75U JC 3 IR A T 85 IR 40 S 1 S 2R 2 S
T B LS BRI PR A [R) 5 X0 3k i 40 e 5 oy
fift , SRR R i R 18 BRI

4 REWIH3-DRAEERE

AR By B 2 AR A LOD fy SR ) 7t 42 2
) 3-D BT AR A ST A 8 B B HL T (LR TR B AN
TFNTASE . A, B30 9K 3h R oK 5 i TR A
VR I K B 09 7 2P, FAIG Al WIDMER
(2000 4F) B AUR T FI FIALZS SEAR SR BUEE S0 1Y
TRARI I, SR RS T B IR 3k i 2 3 1k
R BR 5  f) - B 4 . WANG (2008 4F ) F1] Fil
T /NI 1A R K 5 o T AL 3-D B, 205
XPREIORS BE 15, P R T B A S 2
I Ja DA KM B 3 i T AR 3-D RS KWAK
(2013 A7) ff B 3K 3l 1) s TR B i o
S KON AL S , 43 ik 2 T 46 B B PTG I ,



26 "

o R

2015 41 H

BRI SR DT BB AT RO T IR EDG , i) 2 TP
SRS SR A 1 T el T AR A o IR A IR B R 3-
D H 5 2 Ak R T RO 9K Sl vk R R 3K Bk 1 AR
A, BERESR i 3-D SISO I AR L, SURE Al
SRS, B4R HOEHE B M o 3-D @5
S/ SIRN R AU R S L A (SR B =R 3 1 5
IR AL 2 AR AR P 1B AT AR, X T % 3-D
SRR A PR EE S I 22 7 HE AN R

5 & i

Li LT, B — i s B P B 3-D i SR
TR THAS PR ey, e A RS, L a5 ) AL 75
T H A S A s LA BOL T k8 = i 3-
D G 5 EE AT ERAR C BB A B AT 44 3-D
A bR L, SR HR i S e SR R T S
MR BB HOEE 1K 5 o AR Tk W] 275 5
A8 THDRS 2 A0 2 ) e A B 8 e i SR R R
FOEH L H R RO TR 8 B 5 R BRI
HERESE I o KA A PSR WS 1 D, 08k 9K sl 12 3
E EABT AN Y A S I, {EL S R S SR e TG 1 G
ARMEGRUE s BB GRSl phy T 4% 20 ik el S O S L
TUPEEATURIC , AT DAAR S fff Rt 4 1 sl {HL B 31
T IR I, AT RO AS oy, ARMER i 2 A SR AR
P 5 B AR Bl R & (9 5 3 nl USRI RO A
o ABLE —FH AT S8 5 WU S A 0y v b AT
O AT

R, A FHEOE T % Bl 2 50 LODT 2% 5y W)
BRIk O B0 e 58 5Bl LOD2 A%
TU PR IPOR HE AR AR AT LG — LUB IRIME, BT LA, 52
NG SRR B o S AR A SR IBORS 12, it 22
T EREB S BOCHCR . RIT B BIE S ISR Pl A,
BRI R AL S D7 1A 45 A R A
TEGRFFILSE L 3-D A5 T f) T 2 (9 2% AR 1, Aoy
FEOI A BUAT B Kb R 2 B 5 3%, e
23 3-D ALY F PR E R N S 5 I TR ST
H Ao

2 % X #

[1] RAUJY. A line-based roof model reconstruction algorithm ; TIN-
merging and reshaping (TMR) [ C]//Proceedings of ISPRS An-
nals of the Photogrammetry, Remote Sensing and Spatial Informa-
tion Sciences. Hannover, Germany: International Society for Pho-
togrammetry and Remote Sensing, 2012, 287-292.

[2] SUN S. Automatic 3-D building detection and modeling from air-
borne LiDAR point clouds[ D]. New York,USA: Rochester Insti-

(3]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

tute of Technology, 2013 :1-2.

ZHOU Q Y. 3-D urban modeling from city-scale aerial LIDAR da-
ta[ D]. Los Angeles, USA: University of Southern California,
2012 7-8.

HOSSEIN A. From LiDAR point clouds to 3-D building models
[D].
Forces Munich, 2009 15-18.

ZHANG H X. Study on building modeling based on 3-D laser
scanning technology[ J]. Laser Technology, 2014 ,38(3) ;431434
(in Chinese).

GROGER G, KOLBE T H, NAGEL C, et al. OGC city geography
markup language encoding standard [ S]. Westphalia, Germany .

Neubiberg, Germany; Universitty of the Federal Armed

Open Geospatial Consortium, 2012, 11-13.
MA R. Building model reconstruction from LiDAR data and aerial
photographs[ D]. Columbus, USA: Ohio State University, 2004 .
19-22.
ZHANG X H. Airborne LiDAR measurement technology theory
and method [ M]. Wuhan; Wuhan University Press, 2012,75-78
(in Chinese).
ZENG Q H. Airborne LiDAR point cloud data processing and 3-D
building reconstruction [ D ].
2009 ; 10-12(in Chinese) .
HU W. Research on 3-D building reconstruction from airborne
LiDAR data [ D ].
2012 : 6-8(in Chinese).
KWAK E, AL-DURGHAM M, HABIB A. Automatic 3-D build-

ing model generation from LiDAR and image data using sequen-

Shanghai: Shanghai University,

Jiaozuo; Henan Polytechnic University,

tial minimum bounding rectangle (MBR) [ C]//Proceedings of
International Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences. Hannover, Germany: Interna-
tional Society for Photogrammetry and Remote Sensing, 2012
285-290.

BRENNER C. Building reconstruction from images and laser
scanning [ J]. International Journal of Applied Earth Observation
and Geoinformation, 2005, 6(3/4) :187-198.

WEI'Y F, DU Zh Ch, YAO Zh Q. Fast triangulation and local
optimization for scan data of laser radar[ J]. Laser Technology,
2009,33(6) :642-644 (in Chinese).

CHEN L C, TEOT A, SHAO Y C, et al. Fusion of LiDAR data
and optical imagery for building modeling[ C ]//Proceedings of
ISPRS Annals of the Photogrammetry, Remote Sensing and Spa-
tial Information Sciences. Hannover, Germany: International So-
ciety for Photogrammetry and Remote Sensing, 2004 .732-737.
ROTTENSTEINER F, TRINDER J, CLODE S, et al. Using the
empster-shafer method for the fusion of LiDAR data and multi-
spectral images for building detection[ J]. Information Fusion,
2005, 6(4) :283-300.

KIM C, HABIB A. Object-Based integration of photogrammetric
and LiDAR data for automated generation of complex polyhedral
building models [ J]. Sensors, 2009, 9(7) :5679-5701.
DEMIR N, BALTSAVIAS E. Automated modeling of 3-D build-
ing roofs using image and LiDAR data[ C]//Proceedings of IS-
PRS Annals of the Photogrammetry, Remote Sensing and Spatial
Information Sciences. Hannover, Germany: International Society
for Photogrammetry and Remote Sensing, 2012 3540.

MA H C, YAO C J, WU J W. Registration of LiDAR point



398 H1H

&g HLEREOETE S 3 4R SRR B BT 27

[21]

[22]

(23]

[24]

[25]

[26]

[27]

clouds and high resolution images based on linear features [ J].
Geomatics and Information Science of Wuhan University, 2012,
37(2) :136-140, 159 (in Chinese).

ZHANG F, HUANG X F, LI D R. A review of registration of la-
ser scanner data and optical image [J]. Bulletin of Surveying
and Mapping, 2008(2) ;7-10(in Chinese).

HENRICSSON O, BALTSAVIAS E. 3-D building reconstruction
with ARUBA: a qualitative and quantitative evaluation[ C]//
Proceedings of Automatic Extraction of Man-Made Objects from
Aerial and Space Images ( Il ). Basel, Switzerland: Birkhauser
Verlag, 1997.65-76.

BRENNER C. Towards fully automatic generation of city models
[ C]//Proceedings of ISPRS Annals of the Photogrammetry, Re-
mote Sensing and Spatial Information Sciences. Hannover, Ger-
many: International Society for Photogrammetry and Remote
Sensing, 2000:85-92.
ROTTENSTEINER F.
building models from LiDAR data[J].
Applications, 2003, 23(6) :42-50.
VERMA V, KUMAR R, HSU S. 3-D building detection and
modeling from aerial LIDAR data[ C]//Proceedings of Computer
Vision and Pattern Recognition 2006. New York, USA: Institute
of Electrical and Electronics Engineers, 2006 :2213-2220.

YU H X, WUK, AOJF, et al. Extraction of building’ s feature
lines based on 3-D laser scanning technology| J]. Laser Technol-
ogy, 2012,36(4) :553-556 (in Chinese) .

ZHOU Q Y, NEUMANN U. Fast and extensible building model-
ing from airborne LiDAR data[ C]//Proceedings of 16th ACM
SIGSPATIAL International Conference on Advances in Geograph-

Automatic  generation of high-quality

Computer Graphics and

ic Information Systems. New York, USA: Association for Com-
puting Machinery, 2008 ;7-14.

SAMPATH A, SHAN J. Segmentation and reconstruction of poly-
hedral building roofs from aerial LiDAR point clouds [J]. IEEE
Transactions on Geoscience and Remote Sensing, 2010, 48(3) :
1554-1567.

VOSSELMAN G, VELDHUIS H. Mapping by dragging and fit-

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

ting of wire-frame models[ J]. Photogrammetric Engineering &
Remote Sensing, 1999, 65(7) :769-776.

TSENG Y H, WANG S.
based on CSG model-image fitting [ J]. Photogrammetric Engi-
neering and Remote Sensing, 2003, 69(2) :171-180.

TEO T A. Parametric reconstruction for complex building from

Semiautomated building extraction

LiDAR and vector maps using a divide-and-conquer strategy
[ C]//Proceedings of ISPRS Annals of the Photogrammetry, Re-
mote Sensing and Spatial Information Sciences. Hannover, Ger-
many: International Society for Photogrammetry and Remote
Sensing, 2008 :133-138.

KADA M, MCKINLEY L. 3-D building reconstruction from Li-
DAR based on a cell decomposition approach[ C ]//Proceedings
of the ISPRS Annals of the Photogrammetry, Remote Sensing and
Spatial Information Science. Hannover, Germany: International
Society for Photogrammetry and Remote Sensing, 2009 :47-52.
LAFARGE F, DESCOMBES X, ZERUBIA ], et al. Structural
approach for building reconstruction from a single DSM[J]. In-
stitute of Electrical and Electronics Engineers Transactions on
Pattern Analysis and Machine Intelligence, 2010, 32 (1) :135-
147.

VOSSELMAN G, MAAS H G. Airborne and terrestrial laser
scanning [ M]. Boca Raton, USA: Chemical Rubber Company
Press, 2010 84-86 .

FAIG W, WIDMER T. Automatic building extraction from aerial
mages [ C]//Proceedings of ISPRS Annals of the Photogramme-
try, Remote Sensing and Spatial Information Sciences. Hanno-
ver, Germany: International Society for Photogrammetry and Re-
mote Sensing, 2000:1708-1715.

WANG R. Researtch on data flitering and building-footprint de-
tection of airborne LiDAR [ D]. Zhengzhou: People’ s Libera-
tion Army Information Engineering University, 2008 ; 30-31 (in
Chinese) .

KWAK E. Automatic 3-D building model generation by integra-
ting LIDAR and aerial images using a hybrid approach [ D].
Calgary, Canada: University of Calgary, 2013, 152-153.



