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Fig. 1.1: Aging of construction workers.[2]
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Fig. 1.2: Transitions of construction investment and the number of employees.[2]
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Fig. 2.1: Hydraulic excavator.
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Table 2.1: Condition of parameters used Genetic Algorithm.

Gene of individual J,1,D, L
Number of individual N =100
Mutation probability a=30%
Number of generation G =200
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Fig. 2.10: Calculation results of system parameters.
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Fig. 2.11: Behaviors of boom head pressure at the deceleration.
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Fig. 2.12: Comparison of lever input and angular velocity of combined CoM.
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Table 2.2: System parameters of condition for sudden stop.

J 5.00E+04
I 1.70E+05
D 3.61E+06
’ 0.200
W, 8.50
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Fig. 2.14: Result of improved motion at boom-up deceleration.
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Fig. 3.6: Block diagram that the FRIT method was applied to a system including human operation.
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Table 3.1: Condition of parameter identification used Genetic Algorithm.
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Fig. 3.7: Attachment posture at the experimet.
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Fig. 3.8: Lever layout and operations at the experiment.
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Fig. 3.10: Result of digging work by a novice-operator with proposed method.
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Fig. 3.12: Architecture of Human Operation[56].

BEELE 10%DEERFOAKICTEET 5 EB2 52 &N TE D, RIZ, WHITOMER S
TOHEB AR L, a7 o7, HEEN) W ORHIZOWTIIfE A 23R E 7
VY, Fig. 31322 DfERZER"d, ZIT, {HEEN) Wpld~ == 7 /LA ETHHI T DO R
% 100% & L CERML TS, 7, MEPHIXHECTH D 0.5~1.5sec IZBWT, HE
BT ENENTND Z E N0 5, FRITIEZEH LIZREEORBRIE, ~=27 1
BEDORER L I LT, #aHI 2R TR 5% DIHE BN/ O MR S vz, £72, 0.5~1.5sec
X720 THEES % &K 25% DIRBFE O bivlz, FFRMA R L —Z O~ =27 VEETIT,
THIBALE & IRITT — 2N L~ BWVIAT Z & TRAT 2 mW BRI 2 KT & Ty
728, MEY 3 NUPMEEZAT O EDICLBERE DN EmWD, BEEZENT 52 LT, 4
HIFTH OIEARIT AR S N D 7o), REFREERB I BHIB SN - DB bND, b,
HWEENNIWEY 3 B IN TWD o DU R PO IRICER T 5720, BREHEE
FEOHIBICER T2, —FT, 1.5sec LUFRIZHIT D 2RITH 1%IEBTH Y, IR ZITRD
NiginoTe, ThUZ, TEYE0 D HAFITR U CRIRLEZREN A, WES 3~V TRIE

SNTWELBENZBRTT0, BIETIECIDEREN o TobD LHEREIND,

52



150 T T T T T T T

Full manual operation
Proposed method

S

,§ 100 [

o

g

2

=

o)

Q

& 50+

2

S

~

0
0

Time [sec]

Fig. 3.13: Comparison of power consumption for digging operation by a novice operator.
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Non linear

Fig. 4.1: Nonlinearity of attachment motion at the excavation work.
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Fig. 4.2: Block diagram of closed-loop system including human operation and disturbance input.

412 BERMVERESE AV EEIZERNER 0%

42.1 FRLSNEES

ARETHEINDHIEZDO 7 0 v 7 #1KIE Fig. 4.2 TREN, EFIREICHHSTZ AT LD
MO EE %, AR A SV ZARDHNELATINC L D b D L R7ed, Z ONARR 724 ELA AR

=T O B ESVEE 5 dk) TH Y [61], LTORXTRD BN S,

d(k) = uo(k) — uc(k) (4.1)

Z2C, u(k) EHEANOPIRT =2, u®) iF=2 2 b r— T Lo TR S HEA) T
b5, AETHE, ZORBUVERCRET S EIET 52 L 2 B, HERERG

EESE

4.2.2 HIEE

HlfE 51, Fig. 43187 & 9 EFIREBIZENT, B v &b 338/ 2008

AT LELTEZDL, ZOLHIRUBEV AT LK LT, TNFhary ha—I 5, o

58



CoM velocity

Time
Fig. 4.3: Schematic of system change at the digging work.
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Fig. 4.4: Block diagram using fictitious exogenous signal for designing a controller when the system
is switched.
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Table 4.1: Condition of controller gain calculation using Genetic Algorithm.

Gene of individual K, K, K,
Number of individual N =200
Mutation probability a=30%
Number of generation G =200
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Fig. 4.5: Simulation result of the controller using the CHR method.
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Fig. 4.6: Simulation result of the controller using the fictitious exogenous signal.
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Fig. 4.7: Result of digging work based on combined CoM velocity using the controller applied only
the FRIT method.
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Fig. 4.8: Result of digging work based on combined-CoM velocity using the controller applied the
FRIT method and proposed method.
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Fig. 4.9: Block diagram of database driven control for digging work including human operation.
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Fig. 4.10: Block diagram of database learning for digging work including human operation using
the FRIT method.
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Fig. 4.11: Digging condition.

Table 4.2: A example of database learning condition.

Sampling time [sec] T, =0.01
Orders of the information vector n,=3

n, =2
Number of data N = 1600
Learning rates 1,1 = 0.00001
Rise-time o=0.25
Parameter related to damping property 0=0
Number of learning 20
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Fig. 4.12: Result of digging work using a linear controller based on combined-CoM velocity by a
non-expert. (Digging depth 1.0m)
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Fig. 4.13: Result of digging work using a linear controller based on combined-CoM velocity by a
non-expert. (Digging depth 2.0m)
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Fig. 4.14: Result of digging work using a database driven controller based on combined-CoM ve-
locity by a non-expert. (Digging depth 1.0m)
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