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Abstract: Utilization of national spatial data infrastructure has been generalized by the advancement of
information and communication technology. One of the utilizations is for maintaining public buildings.
However, when focusing on a river project, the reproducibility for river spatial model would not be accu-
rately high with a generation technology of 3D model so far. Since river space is managed by using a 2D
drawing due to the above-described reason, it is difficult to maintain the exhaustive management of dimen-
sional shape. Therefore, it is required to obtain a method to generate a sophisticated 3D model. In such
background, the authors have been working on a generation method proposal for 3D model (MMS method)
which could reproduce an embankment’s flat top portion (top end face) as one of the important management
portions in river management and a slope boundary line (break line) by point cloud data (MMS data) mea-
sured with Mobile Mapping System (MMS). However, with MMS, it would be limited to a modeling only
for surrounding of top end face as a measurement vehicle could run. Therefore, we attempted to generate a
3D model by point cloud data (LP data) of Laser Profiler (LP) as having been measured with a flat portion
(banquette) other than top end face through aerial survey. In this study, we attempted to generate a 3D
model from LP data with using the above-mentioned MMS method. However, we could not acquire the
satisfactory result due to a characteristic difference between MMS data and LP data. For that reason, we
have developed a new generating technology, proposed a generating method for a 3D model with LP data,
and then conducted an evaluation experiment with top end face and banquette. Conclusively, we examined
the feasibility of construct a 3D model for river space by using a generating technology subjecting for MMS
data at top end face and LP data at flat portion other than top end face.
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[Source] Geographical Survey Institute Maps.
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sectional survey data in downstream of Yodo’s river.
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Fig. 5 Relationship between planation part and breakline in

embankment [Source] Google Map.
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Fig. 6 Potential breakline generated from LP data

[Source] Google Map.
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Fig. 7 Breakline extracted from LP data
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Fig. 9 Cross-sectional survey data at 34.6 km point of Yodo’s
river (Left side bank).
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[Source] Geographical Survey Institute Maps.
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Fig. 24 Preliminary experiment for parameter v.
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Fig. 25 Evaluation of method models of MMS and LP.
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F 4 FHliE
Table 4 Evaluation method.
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FNtREZEMLZ. T3, MMS T L LP FEOE
EAEDSAIIRIEE L NED &L S b EGHTH o727
W, AF2—F 2 NOFEIZL D t Mg xER L 2R E,
RIFHZ BT £(9922) = 1.96, p > 0.05, /MEIZBWT
t(10524) = 1.96, p < 0.05 Lo/, DT Db, M
BT 5 MMS Fihe LP FhE3HEE DY, LP F
FEOHFREDH S & 7 o 72,

7.4.2 3 RLTEFIVORBIEIC & 5

5 Lk 6 ThEDAFHEAE L LR S, FE
972 2 # (0.6km HSOLEE, 10.6km HEOHE) O
MMS EF VB L LP £5F 0V % AutoCAD Civil 3D %
WCHHAL L7z, MMS FEET VAR 26, LP FEET
VER 27 1R, B, KROPT, KigHs L O/hE
DTVA T T A VR RO AR L THH L L TV 5.
0.6 km Hi SO/ FEL, 3.2 HiDFEERTH W T & [
B, TLA 7 T4 BB OB R g & /N AN LI
FAIC A% $LFI G 22 SR BT R O M T 4. 10.6km Hp D
FEENE, 3.2 MiOEBRTH I LG & AR, R &
N DT E DSEEN 23R R T B .

B 26 £ [X 27 Z T 5 &, MMS FETIIRBHRO 7
LA 2794 VIEMBOAZHEHLTWLDIZx LT, LP
FHETI, RHCNEDT VA 72 54 Atk Zne
NEBLTWAZEAsnsh. 72, 10.6km HA (£55)
AT A2 LT, LP FETIE, B2zl <R
WEHAHRTETWAIENThbE, 2O L6, LP
FEOTVA 7 T4 VERBAEBEREIC X 5T, KigH<
INB T BB ORI S T LA 7 T4 i ERE T
TETBY, [TVLA4 27510 VEMBELELERTE R

67



[EERUIBF S

GH

7—42~X—2Z Vol.8 No.1 55-72 (Mar. 2015)

n||||
§|>
DIIII

R 5 KR E MMS THEORMI & OFERAE DR R
Table 5 Results of difference of elevation between cross-sectional survey data and
MMS’s method model.
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Table 6 Results of difference of elevation between cross-sectional survey data and LP’s

method model.
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Fig. 26 Visualization results of MMS’s method model.
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Fig. 27 Visualization results of LP’s method model.
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Fig. 28 Visualization results of cross-sectional model at 10.6 km point of Yodo’s river (Right side bank).
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Table 7 Processing time.

MMS FiE(F) | LP FiE(FE)
SET—F OFHAH 0.22
TVA 7T A R 1.41 4.58
._'}‘:..Eg‘i
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&5 3.69 7.61
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Fig. 29 Relationship between numbers of data and processing

time.
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#F 8 MMS Fik& LP Fiho iR
Table 8 Comparison result of methods between MMS and LP.

T4 A (FE) | 84S (EE)
MMSFE| IPFE |MMSTE| IPFiE
A BE | A|EIE | AE(BE | A (EE
FIRE AT 422{0.95 | 438]0.99 | 704]1.00 | 559(0.79
BiLffE| 20]0.05| 4|o.01 0/0.00 | 146[0.21
CELflE| 0]0.00 0[0.00 0[0.00 0/0.00

& 9 MMS T L LP TR 2 s
Table 9 Detailed comparison result of methods between MMS
and LP.
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Table 10 Evaluation of each mehod for generating 3D model.

FiE HEET— & Ef iz ERa i
MMS FiE | MMS 7—& | FigH O
i ¥
MMS F#E | LP F—4& FismE X
N EE *
LP FiE LP ¥—#& FismE yay
Ny O
O BREEICBHTES

AT ERTES

X T HFHETERY

Fr 2T, B 2o b7 — 5 ORI
L7 EME TV 28T 5 2 8T, MERRotiER
FUTE WK TN BB O 3 RICET IV BN TE L L%
Ay (W

9. bWIC

KWFFETIE, LP 7— 4 225 IO 3 RICET IV %
BT A LP FE#RE LS. LP FE:Til}, LP 77— H»
B RUGI R /N, R S OFHE E Fheh
BELTHEBEO 7V 7 94 VIERMBERG L. &5
2, BUS L7727 VA 7 94 Y IEMROESZZEL T, i
INZE DO EHBEICT LA 794 ¥ &M Lz, 5
Mo, LP 7—4 05 3RILETIVEAERT HBICEET
RE [TVA 774 VERBEIELCERTEZWE N
M & TR/ N R XS TICT VA 7 T4 20554
U ENLE VI HE| O 2 O0RELRE L. T4b
L, LP 77— % |25 L7222 0 3 RICE TN & AT
BHEM ORI L7z, BARWIZIE, SfEr—42 2000

70



RS 2R

D ROFA & AT L 7.

o IMIBER QMBI RIERICEH L, LP 77— % 553

NZEF DA % N E e 5 Tk

o FHIBOEIIZHEHL, 7LA 27 T4 O %

Z % F

Nl 0 e ) B T 3 5 Rl T ORI N SR N [ VN e U e
AR ZEME T IVAEROFEBICEHE G Lz w2 b,
AWFFETIE, WIBEFO—f IR G L LT, #
BIR 2 MBIRICEE T 2 FEeREL, FREERICL -
THHAMZWS 2L, 72, MMS ¥—% & LP 57—
FIBERLZ3RICET IV EILIEEL, ZNEI0)I 220
DIRTCETNVOEBICHERZEEET—2ThY), Bkb
B BT — 8 2 VA Z EOWEEEEH S I L7,
FOD, SR, ANEMET IV AT 23O RE
m k&, EBEOMEEE~OMNZEHETVOMEMA L D 2
DY HA TS FETH D, T2, RFIETH7Z
JIAEWI 2 7230l T, N AT S iz
EET DA L g Il %3 29T 29, FEGEPR LN
oz E R b, FDd, SRS I
RAF L2, SR REHE A EICOWTH D LA T (L
WNZERE TV & REEET B A OREER EClE, Au—7
R NS % & o — W9 T 22 Wi IR~ & LP %
W L2358 SN A 3 RICE TV OFEM & A Bedsefi
DI_FEL, B2 OB EET -9 25120 3 RTET
Wz RS B BT O FEBLUC AT TR Y MLA TV L I
ECHMEINTVBICT ZHWEELELEMD 128
L T, Total Station & 7o HRIEEFE (DL, [TS i3k
EH] L)) b, T2, 20 TS HRBERICHEY
HEEHRE LT, 3KIC CAD F— % AW 7=E LD
DHLA [31) 5B, Z 2T, FEBEOMFFEEA~DMIIZER
ETFIVOMATIE, FEEE> LmINZERE TV v
72 TS HRIEE B O SR O EBI AT T ALA TV L.

SENH

(1] Hrpdi, BRILZAE, Ghgtkss, & g, VRS, AIF
B, MRWE, FH H:AA—Fy V) TU74%H
WAL - KB O 72 2 Z2 AN & BT R ISR
LHE5E, ARIEHRF AT #E4E, Vol.36, pp.21-24, +
K43 (2011).

2]  EMAEE, N, fWHHL  RESHEEIC L % BIM
T= 8 b ORBET 3D T MERTE, AR
FLURY Y AFHESE, Vol37, pp.129-130, LARFES
(2012).

[38] 7 =7 Google Earth, AT (http://www.google.co.
jp/intl/ja/earth/) (S 2015).

(M 2@ R R T S S M A - R R A
(1997).

[5]  /NR—BR, B TFEL, WA, REHOO C MMS 7—%
& AV 7ARBEY B AEY, TARTEHRI R S, Vol 18,
pp.1-8, A4 (2009).

[6] =M =ZEE—UL~vy EV T Y AT LERE GPS
BEETl%EE, AT (http://www.mitsubishielectric.

© 2015 Information Processing Society of Japan

F—2~N—2 Vol.8 No.1 55-72 (Mar. 2015)

7]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

co.jp/mms/) (ZH 2014).

E T HABORRABIIERT © Atz L — P lE 2 M L 722G
KA ERHE, ATF5E (http://www.nilim.go.jp/lab/rcg/
newhp/seika.files/lp/) (M 2015).

LT © fizE L —Fla, AT (http://wwwl.gsi.
20.jp/geowww /LaserHP /) (Z:H 2015).

B b EERE  ALZE L — RS & B Bk R E Ty
(DEM) fEpi~==7 L (%) (2006).

BH E 3 RITFHINICHEED CORBU LB o 7R &
Feafrdhm, i 145K, Vol.79, No.5, pp.384-387, Fi%
243 (2013).

Sampath, A. and Shan, J.: Segmentation and Recon-
struction of Polyhedral Building Roofs from Aeriallii-
dar Point Clouds, IEEFE Trans. Geoscience and Remote
Sensing, Vol.48, No.3, pp.1554-1567, IEEE (2010).
Shaohui, S. and Salvaggio, C.: Aerial 3D Building Detec-
tion and Modeling From Airborne LiDAR PointClouds,
Selected Topics in Applied Earth Observations and Re-
mote Sensing, Vol.6, pp.1440-1449, IEEE (2013).
Khattak, S.R., Buckstein, D.S. and Hogue, A.: Re-
constructing 3D Buildings from LIDAR Using Level
Set Methods, Computer and Robot Vision, pp.151-158,
IEEE (2013).

Susaki, J.: Modeling of Buildings in Dense Urban Ar-
eas from Airborne LiDAR and Aerial Photograph, Geo-
science and Remote Sensing Symposium, pp.6701-6704,
TIEEE (2012).

Zheng, Y. and Cao, Z.: Classification Method for Aerial
LiDAR Data Based on Markov Random Field, Electron-
ics Letters 4th, Vol.47, No.16, Institute of Electrical En-
gineers (2011).

Bretar, F. and Chehata, N.: Terrain Modeling from Li-
dar Range Data in Natural Landscapes; A Predictive and
Bayesian Framework, IEEE Trans. Geoscience and Re-
mote Sensing, Vol.48, No.3, pp.1568-1578, IEEE (2010).
Martin, T., Bernhard, H. and Korbinian, K.: Accuracy
of Automatically Extracted Geomorphological Break-
lines from Airborne Lidar Curvature images, Geografiska
Annaler: Series A, Vol.94, No.1, pp.33-42, Physical Ge-
ography (2012).

Baruch, A. and Filin, S.: Detection of Subtle Ridge
Lines from Laser Scanning Data, International Archives
of Photogrammetry and Remote Sensing, Vol.37,
No.B3/A, pp.111-118, ISPRS (2008).

Brugelmann, R.: Automatic Breakline Detection from
Airborne Laser Range Data, International Archives of
the Photogrammetry, Remote Sensing and Spatial In-
formation Sciences, Vol.33, No.B3, pp.109-116, ISPRS
(2000).

Rutzinger, M, Hofle, B., Vetter, M. and Pfeifer, N.: Dig-
ital Terrain Models from Airborne Laser Scanning for
the Automatic Extraction of Natural and Anthropogenic
Linear Structures, Geomorphological Mapping: Meth-
ods and Applications, pp.473-486, Elsevier Amsterdam
(2011).

Briese, C.: Three-Dimensional Modelling of Break
Lines from Airborne Laser Scanner Data, International
Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, Vol.35, No.B3, pp.1097—
1102, ISPRS (2004).

FH R, 4HBE—, WA, JNEEF @ T —
Y &7z 3 RIEETIVOAEKICET 558, TAREHR
FI Bt SC 4, Vol.19, pp.165-174, 1 AK%:4 (2010).
MR, 4 HFE—, R, JHEEE @ R T —
5 & F\ 7z 3 RICET IO BEIAERICE S A58, #16E

71



ERNIBSLH/YE F—2~N—X Vol.8 No.1 55-72 (Mar. 2015)

& IEH, Vol.23, No.4, pp.572-590, HARHEEEHR 7 7 ¥ 1
4% (2011).

[24] HHE, SIE—, AR, BT CLP 77— 2 H
W SRR OB E T O BRI AL R ORI
hge, TARF S L F3 4, Vol.68, No.2, pp.197-205,
TARF 4 (2013).

(25] b BE BT E L BT OATZE L — B T X B R
TV (DEM) fEfi~==27 )V (%) (2006).

(26] [ELZGEE  ESERAROWER (2010).

7] B % L —WRHIT— & 103D RAREEEEER, B
AR T 54358, Vol.40, pp.29-34 (2012).

[28] Kass, M., Witkin, A. and Terzopoulos, D.: Snakes: Ac-
tive Contour Models, Proc. 1st International Confer-
ence on Computer Vision, pp.259-268, IEEE (1987).

[29] Ester, M., Kriegel, H.P., Kriegel., Sander, J. and Xu,
X.: A Density-Based Algorithm for Discovering Clusters
in Large Spatial Databases with Noise, Proc. 2nd Int’l
Confarence on Knowledge Discovery and Data Mining,
pp.226-231, AAAT (1996).

(30] [ElRZZmA o AR ER A S s (2013).

[31] HmEL, AHEE—, AR, JIERE 3 kot CAD
T8 O HRBE R Y AT LA OR%E, BTN
HUBEF AT CEE, Vol.J96D, No.10, pp.2426-2439, &1~
RS2 (2013).

I%F 7&F

2009 FFITE KF A TERF .
2011 4F-FIVE KRFRF B G 15 AT
Fe Rk A0 Al 155 R A B A AR R RR
BT, B, BV RFERERR AT
HEEFERHR A T B LR R R
WM. B (). 2013 4F
(—#) BAMME Y & =12 A, BIFEICES. 2007~2013
F(Bk) BITERATEIFZERT IC CibEh. BifG0E, 3Kk
ETIVOAER, VR ZEZM DA, 3Kt CAD 77— % OF|H
FOMERSIHEF. TAREARE.

Hr o

1986 4FBATE K2 L2258 LR TRk 26
3, 1988 fEFATH R KorbE Tormge
BT R T2 B 1 B i W ER AR 1B
T. R (B BEERS AT L (B
1, TIS) (2 Af. ANTAREICET 5
Whoe s st RS 3B e F. 1994 4B
P RF R A TE R ST & L CEIE, 1997 EBh#dZ,
2004 FEFIZ, 2006 FEHFEY Y Y —RIFTER, BUEICE
4. 20024E 8 H2 6 1R, 75D UBCIZTHER
. Wb (L), BPMIZMELY & A RE .
CAD/CG, GIS/GPS, HfZMIEE LT Web V) 22— 3
YEY AT AWFEICHESE. 2000 4 (Fk) BITER AR
WFZEAT & k23, %4902 5 BUE £ TR &R, 2006~
20124F (Bk) 7+ —F 2.4 bR, FI2, ISO IZHEHLL
72 CAD BU[FENE & CAD 7 — % S M D B 12 HE .

(IE£R)

© 2015 Information Processing Society of Japan

53 -

1998 4E PRIV K2 T30 1R TR A
( 2. 2000 R KRB L5 oE
. FHE LA AT AR T, FERAT

‘ h Ok Ath. AEFHEA~OICT &
ADAUFNT 4 ¥ 7 RFERISIHE

. 2004~2010 4F 9 H B K220

THIREFAITZE X~ & — I DRFZER. 2009 4EidL (T59%) H
TR, 2010 4F 10 A ~3BU7E, B KS22 M A -7
¥y —%EMEA. 20124 7 H~2013 4 3 H, BIVEK
e B E AT IE R BAFSEE. 2010 4F 8 H ~3UFE,
B -2 4 [ L EA BOR AR AT ZEAT R - 2 v 7 v A%k

(IE%H)

BT > & — A v 7 F v AR R EM7EE, 2013
4 H~BUE, B RF B S IEIAI 7R R
beg REd%, BUEICE S, ERAERMER (GIS), HE
ZEM TR, SOl TS, BhREAT, (LEZIY, CAD, 3
WA EIC B 8IS0 E. EARAREHRAHENZR
K[EWEER. DARESR, BN AT 428, BETR
FRERA.

it =

2004 4F B TH R F AR A 1B HBAEZE.
2006 4B 19 KR 7 Be e A1 eyt
ZE R SR A T T L i R S
T. 2009 4B VE KRB A i
FRFERHE A G e B B LA AR
BT, 2009 FRTERFERA L - 7
MOV - 7 20—, 2010 LA RE R IE O T 2505
AT LERHF. 2012 FRIRAEE RS G S E
Iz, BAEICEL., HL (B, ARREHLE, 7%
AN A =07, Web ¥4 =7, CAD/CG 5DHf7EIC
. 2002 4 (BR) BAVEAR GG HATZERTIC TIGE), BRI
ED. VAT LEE, Ty ETNEFEOWEREIE
. EFEHEEYR, TARYSR, HEAT - RX—-2%R

K&

(E%H)

il

v

S

72



