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Development of Position Measurement System for Construction
Pile Using Laser Range Finder
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Abstract

This paper describes the development of highly accurate and low-cost position measurement system with a
laser range finder (LRF) and a cylindrical reference bar. The LRF is a laser apparatus that measures the distance
of a target object; therefore, a measurement system analyzing a true target position using considerable data
about the target arc was devised. In the proposed system, date was obtained using the LRF assuming a bar with
arc-shaped contours, and the central position was studied using the least squares method and maximum
likelihood estimation. As a result, the central position was located with an accuracy exceeding that of an LRF
alone. Hence, a real-time position display system was developed. When this system is applied to the position
measurement of a construction pile, it affords advantages such as ease of use, cost-efficiency, and working-hour
efficiency because it is operated by only one worker.
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Outline of Proposed Position Measurement System Using LRF
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Comparison of Measurement Errors by Three Methods

HY, FRTRLHEE O T NEERE CORRAERI/ NI N
LD
FIAE o H DM B DRRZE R 1T

T el
BoRRGER  0.19 [%), THREE 1 0.095 (4]
R I

BRFRZETE 0,18 [%], “FHIRAZETE : 0.093 [%]
L72 v, Table WZ/Rd K 5 IZLRFARKDFAZESRIL0. 33
~LO0 %] THDZ Lnd, FHTHNCIIED PLALE % 5K
DI=FNEVBEOBROLERETFILESZ 5,



RMAEAIFIEATHR No. T4 L—H - L

10m (b) 10m

Fig.8 RBIFZ AW AF v T —2 D/ A RABrE
Elimination of Scan Data Noise Using RBIF

1EORF v 1EDREFrY NEDOREv>
1
Y T Y R Y
e O B i S N > " e
1 &
owee || QOLRE S Oure
1 1\ J
1 Y
9528027 | sy
2 8):
| i AR
X BN
o ¢ X | ’
1
... &.0 1 &g b
O LRE OLRF

(b) NEIDAF ¥ T —H
N-step Multiple Scan Data

(@) 1EIOAF ¥

One Scan Data
Fig. 9 NEHEEHRE & M) L X8 28505 & A
Introduction of Multi-scan Method for Robust Estimation

3.2 §HRIL AT LDHE

3. R L@ FHA ORI, MR/ h— VA

T—va ORBEIZ L TEIRORRE WA E 25729,
Z ZTHLRFOT — & SO #ECHHA e & flise 9
DHEEROBEANZIT, K0 EREERFHHY AT A&k
L7z,
3.2.1 F—AmMBOKE  Fig8 (a) (TR THELENSR—D
AX X T —HE R EMHIMOHTHEA LR T —#
DEENDZEN D, TR TR L TR Tk
DIENGEHE U RS TR <, FEBRITIXEL R R 3 00 F
MRS THRDLT=20, KEHOS/NEEAME T 5720 L& %
bbb, TZ T Y a<r FA ¥ 7 2 — A5
DWHIE LIZSCIP 2. 170 b b & iV THEEASR—DFK
AF ¥ T — X ORFNREEZREL, BENNINT
—HFZENE AR L CHRELEY . ZOREHE
R~ ¢ )L & (RBIF: Reflected beam intensity filter)
ZHAWAHZ LT, Fig8(b) (2T & 970 kv EmMEZ: Il
WRE/GDH Z ENAIEEE IR0 T2,

—J7, Fig9lZR_d K512, —RIOAF ¥ FEROKRT
/A RCKRELSEEBIN, SGEz2 kI HELHD
72, BRI R X v UFERITK L CHED FOMLE %
HeEL, /A R LTr AR A E FIEE MR LT,
I TCHEIRENE Y 4 VE EANT A AEREL
F 21055 D A% v AEFIT L CHIMIE ZHEE T D
& T, MHEEOHLALEHREEIC R D A FE i LT,

77 A Z & HOTHUE DAL EFHI S A T L OB %

(@) /=y bOBAZL BFHBIREAOYE
Improvement of Scan Angular Resolution by Pan—unit

y ,
+ . -
e {7300, -274n)
[ 4 7301, <em) |:> + )
+

L—HRr L—HR

(b) NLEHEEDI=DDT — 2Dk HE
Improvement of Data Numbers for Position Estimation

Fig. 10 /X>a=v hDOEAIZ & D ALEHEE DO

Improvement of Position Estimation Introducing Pan-unit

12 T T T
| | L
: : < : CDM
1 F--- P iy O:LSM |-
| |
= : BABEOMN RS o MLE
w08 - - SoAE:0.085
Hd I <& I I
o I I |
206 [ LRFOEE O ; BABEOMN MRS
i RE: 033 & ! FTH{E:0.046

S F i ol N
T RS )
02 l l oooﬁﬁl
—_—— -9 [ = —_
e ene g, - |
0 5 10 15 20 25 30 35

LRFEA—F YD EERE m
Fig. 11 ®afRf = & HWSEIT IR L D
FHHRRZESR O Hlg
Comparison of Measurement Errors by Three Methods
with Pan-unit Drive High Angular Resolution

3.2.2 AESMBRORE A 27 AT L2
LRFIX L — Y IR D 53 R REA30. 25 [deg] & HLEATHL
8, FATICUNEE 2T — Z D14y LIEE 2 e, FRIC
FHEHEA R < 722 & RO MRS T2 L —H mid
B b Dlelipd7z0, MMOHET#H L b, €2
T, Fig.10(@)2/R"9 X 5 ZRLRFD 43 iR f L 0 H/h S
ETHEEECE /v =y N (5fiff :0.015 [deg]) %
BAL, LRFEFMSECHREITLZ LT, iy —#



KMAEAFZETT R No. 74 L—H « LY« 77 A U X HOTZHROAEFHI S 2T A DBR%E

BoOWMER 722, ZORSE, Fig.loO)rT X 91
U—HPRA v hOT = EI0 7 ) #INTE, mEET
DOFHANT R U CHALEHEE N FIRE L 7o o 72,

F—Z PG ORE AT~ 121412, 3. NWTR LIz KB &
[RIAR O DL O HEE 2 il L7z, Fig 1L SEERAE R %
AT, T BEOWEEITR o725 TIE, MEEOHL
P B ORI,

» B/ R
B RERFESE £ 0.087 [%], “PIYRRZESR : 0.046 [%]
* e RHEETE

IRFAZESRE £ 0.083 [%), FHJFRAEZR : 0.046 [%)
LD, UEERIZ Ko TRAESRIIL/2BEIRT L, M
THEWHKECTHLIELZHECTE D Z L3R TET,
F LRI GRS 7 D13 & TR NN D
LRG0, BERGICEB T AT AT AL LTH T
AT AbDEEZBND,

4. FACATLOBEERTIE~DER

4.1 BEBIB~OERAKE

SEOMBRLY, BET DLW AT A%, HIEHET
HE W ONEFHIAATRETH D Z BRI,
LosL2ad s, BETHICBT 2E&MOETITRFBE,
IR CH > THHI VRBREDOBELNRD N HGED
%<, BROLRFEZHWFHllv A7 ATiEsT L+
Gy EIEE R,

2 THMRRFFA E OFFR S R O EREUF T T D3
WA~O A 27 A, ETIEIISROBEH LOVITRE O
PUSALEOFHA 21TV, BEICFHA S 72 8 H L 0ust
NEDHGTF = 72 Y TIEA NTEM L, 16k,
BT H TRICBIT PR EOBEIZ OV TS E VR
EINTELT, /N RHTHLE CZ ORBELZ I L T
WA, AREHAIC AT AOMEAIZ LV EEOE VTS
THEMTZDEIITRY, EBETHEORBEN EETEL
DI LT 25 2 EBHIFFCE 5,705,
AFHT AT 2 E2FA LZEAR E LCiE, LTFICRT
BINRE 2 BD
- MUFTEHE OB EOHUFTERIRE D U 7L &2 A LEHI
- EMERR BT L BIEMEE ) TV F A LR
- NRCEM ONLEFHD D AERIR DS A Y 25T 5

BRIV AT L, EEHEH

4.2 ERBIZH T DHSERI~DBEAY

AFHA AT 2O & LT, BRCHIEZR S CTHUR R
PR ST HAMITK L, BLEALE O FHERda il 21772
VY, FHURRZE PN R 722 & Do fERB IR & 40t L 7=,
4.2.1 FHRIO#EREFRIAE  Figl2l HHEGERH £
St L 72 HoE X i o —#B 2 7s g,
AKENZLRFORRE S0 b OFH Il sE#E 2 % L, HLFD
PHLRICHE T 5,

RIS AT LD L LT, LUTFO1EREZ M L7z,

@ @ @

Fig. 12 HERRFHHIZ1T 72 o FUMIE DR~ » 7
A Construction Map for Pile Drive Positions

REF—Th
HUrrREm

(Xc, Yc)

X
BigxvyIL—2av

Fig. 13 LREZ W= U 7 L& oA ARUSALE FHI
YR
Calibration Work of Real-time Pile Position
Measurement Using LRF

HLrE S — _l sl —

Fig. 14 LRFZ FVN 7o AF0EA (8 F R oD HEfif R
Site Calibration of Position Measurement System
Using LRF

(1) LRFOHZE HWEH O = FIc3E LZLRF % I &
DESE (2 2 CTIRE- ) ICIEREIZRE L7, LRFO L —
FIREANLE T2, 5 [m] Om SICRE L, EEEICL DK
i, RfEE 2RO HELZ MRS PERR Lz,

(2) LRFOBEEFRE W TLRFO L— ¥ RS HE A% X



KMAREATTEATR No. 74 L—H - LY« 757 A U ¥ & O THUROALEFH > 27 A DOBR

W &E7, Figl3lond & His, KEHEEN

= u@;&t\ VO T—7 %050 (17 723 f%/\—%x i)
FICEE, ZOREFHIBESHCER Y AT Z & T, KM &
L EHANE G & O R A — B S e, FRoEXE YR
D ETHITY, EAEOHRBEEEEZITRoT, ZOH
FICEY, VPO RITT R TE=X —HEik EOXt
ST DRICRBLT D52 &N TE,

@)dmﬁwkﬁ B FOFUESEFHI T 7 7T A
WAL, B @E W T2 B S — O & G &
OXHISALEN—ET D2 L 2 MG L, kI —7
MUlOE=F —ZFEL, ERES—DHONEEZE=H
—|Z U TV H A LFoR LT (Fig,14),

(4) FHRAE Figl5lZad & 912, LRI L CEHA
FNFEMEN—ZFfD, T4 —HEE CHOM®E Z S L
RN LA ECBEIL T, BRSNS
THETIDEMR Lz, kW CTEHIN R iy —F
v M= Z BEICHE LT, MEREE L7,
Fig.150D EIZHEEN— 2 o I fEEFOT =& —
i OB A RS, Ei O+ R8N S — ONLE X
L, TOEERRERIN TS, i () 13BEIC
B LIHUE R TH Y, Fus () I ERMEROHUE S
KT B, (EEEONE BB RAERKICERSND
7, BESEZEDSH N LRSS, EEEENED
u%%)Tw&4AfﬁmL&ﬁ6%%f%ét , &t
HIVEZE ORI o C I 12 FEf T & 7=,

4.3 EHRIEEREMR

Fig. 1612l &4 TR S N/TMER EARV AT A THE
WL 7 HURALE & Dz Txt 3 5 R 0BG (BRZE
) EoRT, MAEOH LRI ITRAHEEEZRA L,
WU OERTF = v 7 NERITH DT, Eofiier=
v MIEHET, LREEETEHIAZIT 2>, PO s D
AR FBEREN B < R AR E < 72503, 0. 19%LIA
(FERE30MTIEETmmlAN) 12H D Z & R LTz,
WRWTFigL7IZRT R 918, KU AT K&V THET
BB ONUSAIEEZFEF L, ZOE, FubiEo
FAZEFRIT0. 25%LANIT B 0, FLFTE% 14 DR RFRZED PR
25 100mmEAN  (BEEESOM T IIRAZESR0. 33mmPAN) TH D
ZEnD, LT R CONERNLE SRR ZELNIC
b5 & DR T & 72 (Fig.16),

7E, AFHHOKEX =2 VAT — a3 R DR
HIBERRTIT0R09 2 & O OFULFHI O FFAREEE & + 531
72T 2 ENTE I, VAT AOMERIZID TEHTH Y,
TEEFINTESICHINTE 5720, 2 A FoOFlE, 1E
(0, BIMERR LT,

5. F&OH

LRFZEH L7- /i, K== b B0 R 2o hr @ 5+l
VAT AOWE ARV AT AR U R T
B OMMLEOMHRT = v 7 2 FEMi L, R —C
BT 7= A O HUDALE & RTINS HEE T~ 5 FIEE B R

Unconfirmed

4 Point (Green)
Reference Point

(Cross Red)

Confirmed

/ Point (Pink)

Fig. 16 LRFZ AW AUEALIED U 71 # A HFHA
DB TR
Site Experiment of Real-time Pile Position
Measurement Using LRF

0.25

T ===
MASITRARA /%” 0 o
02 | PHERE \ ————— 9; R A
/Qr’o 090
2 A R e
015 p------ f R gt T AT
” L OL” Y /‘ LT
ﬂ.m S 6 -7 |
® O A A o S
S \\ __ ”’ L L L
T B L L C
f ICNET 2 e oo
RAVOMENRLL ¢ MITBORAH
0 . i . i i i
0 5 10 15 20 25 30 35

LRFEFUSETAIGIE DEERE m

Fig. 16 LRFZ V72 hitd6 K OWTH R ALE D
FHARRZE L
Comparison of Measurement Errors Rate for Pile
Position Using LRF

Fig. 17 LRFZ H WAL AR A > b OLEFHH

Measurement of Pile Drive Positions Using LRF



RKBAFIEFTR No. 74 L—H « LTV« T 7 A U F O AR O E R > AT A DB%

L, 7= BBROREZIT 9 Z & T, E D@ ALEFHI
VAT DERESE LTc, HUERFHEITEALEALE TS K OB
RALIE Z mFE TR T &, EIUG THE M e & b
No, EFHNMERENE=F — 2 R ) T H
A L CHONEZ WA, RRICEETE 5720, 1EED)
RO b, BIMERERSHIZ,
SRITFHAEEOR Lz Bfsd &3k, BRI EFICE
J oA REHAIERRICEN L, 2o kA FE L TYT<

# O

AT HF R F A PEBATF TR A T Aotz &
HEFRIC L DR TH Y, RFHUT AT M2 T B 1iF
BRI ZEERIZBR LT, 2 AR (RIRFARFRIATSER)
HA—K (RIKRFERFRE) ISR THAETENE, it
L CRMRANICEHOBEERT,

SE
1) Hajime Tamura et. al: Shape Based Position

Measurement Method Using Laser Range Finders, The
6th Int. Conf. on URAI2009, pp.570-574, 2009. 10,
Korea.

2) J. Ryde et. al: Fast Circular Landmark Detection
for Cooperative Localization and Mapping, Proc
of the IEEE Int. Conf. on

3) N. Chernov et. al: Least Square Fitting of Circles,

Journal of Mathematical Imaging and Vision, Vol.
23, pp. 239-251, 2005

4)

5)

6)

7)

8)

9)

10)

Statistical Optimization for
Fitting
and High Order Error Analysis” Int.

K. Kanatani:

Geometric Theoretical Accuracy
Analysis
Journal of Computer Vision, Vol. 80, no. 2,
pp. 167-188, 2008

(L S, fl: FEMYS CTIXDOERBERRL &
O M RE M, WA SR SRS,

2005-CVIM-154-36, pp. 339-346, 2006.

N. Ando et. al: RT-Middleware: Distributed
Component Middleware for RT, Proc. of the
TEEE/RSJ Int. Conf. on Intelligent Robotics
and Systems, pp. 3555-3560, 2005
T. Sasaki et. al: Design and Implementation of
Distributed Sensor Network for Intelligent
Space Based on Robot  Technology Component,
Proc. of the 2nd Int. Conf. on Human System
Interaction, pp.400— 405, 2009.

Mkf—, fh: L= 1P 770 F%H0
7= AR OALEHEE > A 7 &, S5 1005131 B B
FIHEE S AT LA 0T 7 L—3 9 VERMIRRHE,
pp. 1755-1758, 2009. 12

H. Tamura et. al: Circle Fitting Based Position
Measurement System Using Laser Range Finder in
Construction Fields”, Int. Conf. on IR0OS 2010, on
print.

F. Inoue et. al: A Study on Position Measurement
System Using Laser Range Finder and Its Applicati
on for Construction Work” , Proceeding of 5-th
Advanced

International Conference on

Mechatronics (ICAM 2010), on print



	概 要
	１． はじめに
	２． LRFを用いた位置計測システム
	３． 円の中心位置推定と計測による検証
	４． 計測システムの建築基礎工事への適用
	５． まとめ

