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Abstract: The Ministry of Land, Infrastructure and Transport is promoting i-Construction for increasing
productivity in the construction project. In this scheme, standardization of as-built management using three-
dimensional measurement technologies such as UAV and terrestrial laser scanner is proceeded. In these stan-
dards, as-built management method using elevation difference between the design surface and measured
point cloud data is established for these works. This method has controlled shape data of structure except
edge information. However, design elements such as length of slope are directly linked to the functions of
structures. It is desirable to check designed values such as length of slope effected to functions of structures.
On the other hand, it is difficult to recognize shape of slope surface or edge position and inspect design
elements at these works by existing methods of detecting edges from point cloud data. In this research,
method for extracting design elements of block construction works using design drawings and point cloud
data is proposed, and the method was evaluated in terms of usefulness.
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Fig. 1 Environment of the construction site in this research.
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Fig. 2 Example of blocks used in block work.
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Fig. 3 Design elements of block construction work.
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Fig. 4 Issues in the field of block construction work.
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Fig. 5 Example of convex block.
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Fig. 6 Flowchart of proposed method.
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Fig. 7 Point cloud data divided by cross section line.
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Fig. 8 Design drawing and cross section lines.
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Fig. 9 Block surface estimation function.
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Fig. 10 Edge extraction function.
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Fig. 11 Place of Takino embankment construction.
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Fig. 12 Measurement environment.
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Table 2 Spec of terrestrial laser scanner.
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Fig. 13 Equipment installation position and measurement
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Fig. 14 Point cloud data and management section.
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WEHEML —F 2%y, LT TOHREERTIHHES
N TWw5b FARO #:® Focus 3D X 330 (LT, FARO) %
v 5. FARO OtEke% TR 2 1R T. ARERTIE, X 13
RS E, FHIIG T, FARO Z/KFEICHRE L, &
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LOFHNZT T, 70y 720MNEICk AT 7 V=T 3 v
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F22) 10k ) i s OFHIT— 7 AT RTHEE LA
BErF—y b4 n. IEMT—51%, BTTS 2 o Tt
L72EBRBm o dSRIEMAER e § 5. FHIl L 72087 —
& CAEENR OME AR 14, FE I _EOFHI RS E
3R 3 IIRT.
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4.3 INTA—2DHE
REFHETHVDL ST A =¥ L ZOHEHMZFE 1 IR
3. [lineWidth ] (&, HEWHEMLEE TRl — ¥ &%
—E RO CHE L, MEEICELRmT 57200
ECTdH 5. [choiceWidth| &, 78 v 7 R ERERE TR
W EDBEET— % % —EMBICoE L, il % B
T HODETH 5. [nearDistance | (&, T JHliHiHkhE
THEPEROEF R EZ G T 57200 TH 5.

(1) linewidth

R8T X =2 1%, BRI AR S BV TR O TR &
HET D, RNT A=y OEERET S0, 70y 7
HME L L THWHEONE (lineWidth) % 358 L CaFiligEER
AT . AREBTIE, EEHXER THOWM No.35+0.2
LM OERE L, REFETHL LofE L E#
T—F ThDHEIEE B L THFMT 5. #EFET
&, B 15 (RS &) IR O ToEl L 228 NI 7
Oy 7 FTEHOFHNAFEINL I LERRE LTS
O, REBRTRET Z2HMHOIFICIE, 710y 7 DIEO
1/4, 1/3, 1/2, 1, 2, 3, 41E01HE, 0.300, 0.400, 0.600,
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JavYTE
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lineWidthhV /N ELME &,
---------- Tays TEOER AN
BENGV RN DS
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Fig. 15 Top and bottom surface of block.

0 1 2 3 4 5

lineWidth(m)

B 16 lineWidth &Pl H
Fig. 16 Evaluation results of “lineWidth”.

1.200, 2.400, 3.600, 4.800m = #%ET 5. B, KEET
&, METFHOMDI¥F % — 12 choiceWidth = 0.050 m,
nearDistance = 0.030m % %X ET 5.

AHiA R 2B 16 1289, FHiAE R O FEHME & D7 % fif
B s L, HNHOIRERKECTHIEIL01EDE, EE

DOFHIKEEDH LR SN A, 2L, BERONE % 51T

BIEEF 7 NV—=Ta LRI L ARG L 72
DEENBYT A0 EEZLNDL. ZD78, 2400~
4.800m D% ZETHZ LT, mmﬁﬁl//%m&
T&brEZHN5L. —7J7, 4.800m 2T LA ICHE
Wl & DFEDIRD D, ZhUZ, FEEYOMUN G T NA R
L, FE—AkmEEORET 512 i%#4%mnfufT§
LIENRERREEZONDL., ZD720, RFFETIE, /3T
x—7hmwwmtu7n77@@®3%f%53WMn
TRET .

(2) choiceWidth

KoXT A —=F1%, 70y 7HEERIEICB VTR T A
DMBIEZHET A, AT A =5 OWEE AT 572
B, i FEOMHNE (choiceWidth) % #%5E L CaHliZEER %
119 . FEBRE B LUGHG %L, 789 X — % lineWidth
DOFFIFEER LR L 75, REBRETIE, KT HEOMMEIE
& LC, 0.010, 0.030, 0.050, 0.100, 0.200, 0.500m % 7%
ETAhH. hB, RERTIX, RETEOMDIT 2 —%
|2 lineWidth = 3.600m, nearDistance = 0.030m % 7% %E
T 5.

AR R 2 B 17 1R, A R O FEHME & 7% = i
RF D&, K T EOMHIEZ 0.010~0.050m % 7% 5%E L7235
HICERBEICEREEEINW R 2 L0 h s, I,
WAL DIES T IC KR E CRRE SN T WS 7290, T T HOH
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Fig. 17 Evaluation results of “choiceWidth”.
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Fig. 18 Evaluation results of “nearDistance”.
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choiceWidth (2 0.010~0.050 m O HFHETH % 0.030m %
BET 5.

(3) mnearDistance
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EME OMEHEYRET 5. AT 2 =5 OHExH
570, IEPERE O (nearDistance) % 2%
& L TR SR 247 9 . BN R B X ORIl 5 13
7 A —% lineWidth OFFMiERR & FikL T5. KERT
X, EER E oS LT, 0.010, 0.020, 0.030,
0.040, 0.050, 0.060, 0.070, 0.080, 0.090, 0.100m % 7%
ETAH. hB, RERTIE, BETFEOMDINT 2 —%
IZ lineWidth = 3.600m, choiceWidth = 0.030m % F%%E
5.

ARG R 2 B 18 (/R d . A R O FEHME & D7 & fif
%?6& AR & OUTEERREELC 0.010~0.030m % #%5E
L7288 IO R 2RI RE 42 & &% B — T,
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fii& LT, lineWidth = 3.600m, choiceWidth = 0.030 m,
nearDistance = 0.030m Z X E7 5.

5. 3SRELEFINERAVWEHAEZOMEEER

5.1 XERER

ARERTIE, RETLOFHAMEZMGET 5720, #HEH
X THROFTH T — 7 L W REHREHERE T T, 7
0y 7 T.OWHRIZE A @ HEM: % i 5.

5.2 ERBRWRT—%

5.2.1 =AE7F—4%

REBRTIE, BEHMXERTHOBY T, X 13 1IRT
R OFHANE 2 S B L 22 ST — % 2 VT 3 RIGTE
TFIVEERT S, W EZRERL —FAF ¥ TRl SN
HEET =213, PREMAEERDO X, Y, ZEEORET
5. EBWGRO ST — ¥ OARETIE 2 RIRT
Stepl. HEOFHIAE D HE LN mEET— 7%%%®

RIEMIEB L OEE S 2 SFHl Sy =7y b
PRz T, [F— AT B A AR IR LT
HETA.

Step2. HEE L7 —%121%, BEMER AFAEDEN
WL VFHIEEOR L 27— NRET 5720, EE
TANE Y 2T (22] IV TEME R SRET — 5 DA
I 5.

5.2.2 [EfE7—4

REEETIE, REPFICTERLZ 3 RILET VA Lk
FIEHEARUS L, EM7T—% L s 5 2 & ORI
79 . REBROIEMT— &1, WEEH S & 7 2 S HEHE O
FH, EROMEEY TSICTEHIT 2 2 & TAEKT 4. TS
WX BEHIT— 5 1%, WMEOMEZFHIIL/-T7—45Thh,
SPHEMEERO X, Y, ZOWENEET 5.

5.2.3 EBRAR

RFEBRTIE, RETHRICTER L 3RICET VA S%
FIEFETHLEREZIIG L, HREMAREO TS 12X 5%
WMECH BIEfFT — 5 LT 5 2 LT, MEFLEOHR)

HEFHES 5. OB, REFLEOFMNE LIS 5720
BEF— S0 T LA 7 T4 ¥ BT 2T 7], (8], [9]
UUTF, TEEfFETEE] & 45) ICTHEKRLAE3IRTETVE
W4, F7o, REBTIIR 14 (RS 3 AFT0E T
&GRS 5. K5 RO FEBRFIE 2 K ISR,

Stepl. RFFEB L UBAFET3IRILET IV R AR
T 5.
Step2. IR O % 3 5 AR 4 25612, 45 3 Kot

ETNDG, 7D/7®@,&F,7U/7® I %
B3 5.

Step3. U3 L7z% sif QMM & BT — & O % HH O
HEAHECT 4. T AHE L, HSRIEHRAEZEH (6]
= \ORTHBR O, 2505 T 5.

5.2.4 ERERCEE

FERFER AR 4 18T, R FIUE K OHIAEE [5)
T, fEWOFEED 3m Kil0E&1E, —50mm < #fE <
3m P EDOYEIE, —100mm < #E < 0mm TH
THSREE I E OB ME LMz d b o L HES L TY

B2, NG OHIHEZARERIZBIT L EHEMEOFI & 3

B. 3R APOFEUEE OENSHFINICD 5 A1, FEHME

LDOEICTHEZIICODET S,

T/, KFETERLREFELBATFEICLS 3R

TETVOWHALR AR 19 L 20, BB O HAL

Omm,

B HABROIRTETIL

19 RRETFTHEOUHALHIR
Fig. 19 Visualization result using proposed method.

R4 KFLETHLLMEE FHNME L OB R

Table 4 Comparison result of slope lengths by proposed method, existing method vs.

measuring.
. . FHAME  (mm) FRE E DZE (mm)
wBE | F - AR O REDALS]
No.35+0.2 No.37 No.39 | No.35+0.2 No.37 No.39
el L 1997 2013 2010 —50mm=01=0mm
FEE
2 6642 6645 6665 —100mm=02=0mm
el . 1812 2144 2237 -185 131 227 —50mm=01=0mm
BLAE ik
2 6675 6595 6476 33 -50 -189 —100mm=02=0mm
el . 2015 2015 1993 18 2 -17 —50mm=01=0mm
EREFIL
2 6636 6641 6682 -6 -4 17 —100mm=02=0mm

© 2019 Information Processing Society of Japan

911



BRI F=EwEE Vol.60 No.3 903-915 (Mar. 2019)

EIEWIENO. 35+ 0.2

IyPHEICTEYID
MM HSIEETE,
BRECIYCHEHRTH

P | JOy DOMMIZkY
Mol AL FEEHE
L, Ty EEEH#TE

@am:

491 Ocn"l

---- ' n JOvsOMMIZ &Y
n ot RN T EEHE
L TosueiRis

R REFEHICEDHNER ﬁ)ﬁ BEFEICISHEHNBER

21 FRETFLEEBATEIC X 2 MR R O THALHA

Fig. 21 Visualization result using proposed method and existing method.

Eh: HABRDIRTETIL

20 BEAF T ALK R

Fig. 20 Visualization result using existing method.
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£ 01 & No.37 DEE (1, No.39 DEE 2128\ T, &1
EDFEHNOREE THHTE Lh o7, No.37T DR (112
DWW TiE, FARO OFHUFEEA 2mm Th 57280, D
FHERAEN B L /272 b E 2 6N h. No.35+0.2 DEE
éltPMBQ@&F%Q’Ob\ X, £3 £V, No.35+0.2
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RS BLER DD EEZEZ LGNS,
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DL DA REMA D B &)

REEFETIE, 70y 7 OIS —shz 1 HGO A%
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£ 5 KFLTHMLMEE FLUME L OB
Table 5 Comparison result of slope lengths by proposed method, existing method vs.
measuring.
FRE R AR REFEICELD
FHBIAE FHiRlxt AFtFTERME
& EER Tem [ mmrm | s
AT v—IzkBEHE 6 Wrif 2 EfH — 2 RFfH —
A
MM{ 4l 6 M 1 R¢fi] 5 IF ] #3643
UAV G H | & 4 Ik¢fi] 20 47 4 R 20 %y ENES ]

XreEZLNL. UL, MBToy 2R RAETH Y
OB, RETHEZZOFFHEHTE AW, MET
Ty Z7Z2OWTE, 15 1R d ki & T2 ind 572
B, 7y ZEHEERET, 7Oy 7 LMy
L C a2 08055 5. 20720, EEkk
HTIE%L, ERRkmarimhds L) IR AZET T 5
CETHIBTELEEZONL., ARATH Y 712DV T
&, AT Oy RN Ty 2o BERR THO X 9 %3¢
WIS R WIGENH L. F0720, BRA70 Y 7 ~Oxf
JBIZDWTIABOREEEZ OND,

o AR ORI EE, ML X OFHIIRIEIC X

D, BHUASE SRR LY 2T A L v ) iRE

KHFFETIX, HEEBEML —HF A% v F 2 HMOH ST
REL, TOMEYER L CEBELZNET -7 IS L
2. L L, ZOMoBITH RO % 5 TR 2
SEDMLETH D, Tz, UAV X TS TEHl L 72358 OREE
BULETH 5.

o Il & FRATICEERI AT A B &) FE

i-Construction T, BRI COEEMER Fv HIE L
LTW5 720, BFHEM OFHIRH DA T~ DO E BT #E
UHPBEETHLEELEZONL, BEAEEBR TSR E L
B2 T, 2 NOBIGEEBRD 50m 77— 7 AT v —
VT 6 i & S0 L 723 A S L e IR T T
FELZRHIEE ) & AT 2 R 5 IR T, IRETFHEIC K
5 FRATIRERIE, AREBRCTEH L 2B ako milET— 5 %
AW CTHGEEB S TEECEHI L 72 Wi & RS 6 B
T % XS GAIRAT L 725 & OFFNTIERI Td 5. fRATHER 1
1 42,237,848 [T D T — ¥ OFiAIAAEEMN G ENTH
D, 6 Wi E CERIGIC L72E, TR AT 1 Ik s
T 5T LT, FiAaAREER % B 7 ST R AN R 0125
20~30 oML 7. %P, MATEROBIERSEEX, OS
I3 Windows 10, X E") 16 GB, CPU % Intel(R)Core(TM)
i7-7700HQ, HDD X 1TB T4 5.

F5 L0, BEDR M A ED WO A% 3 I
TAHEATHIE, FIEEICL Y, 1B 20 2 CTHiMEIC
FHITE 5720, FARO #H\ 5 X 0 & #EfF & 5HAIZ 22>
LT AN, &8I X P ERIFF IR S S
ENTELLEEZOLNL, —J7, FARO # V24, 5
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WL 7z miET— 7 LIR—REFEEH WS Z & TR OMIIH
PR THRATE 2. 20720, HESROmEE1T9
BERCHRFFEMCOER L B THA10E, FEELD D
FARO Ol DSB8 AR O E SN EEZ HNL, Lo
L, FARO & H\W7- 38R FHE, SHAMEM IS RH 2 29 5
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RLEBADPKE ENTVD UAV EHIU L —F A F ¥ F %2146
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i, AT OMGEDS L ETH 5.

6. bV
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WHEZR 3 RILET NV EAMET 2HMAME L. ZL T,
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SE
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