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Design and evaluation of feedback control system for large deformable flexible
beam mechanism to assist robot locomotion
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This study deals with a system that combines a rigid body in contact with
the ground and a flexible beam, and the control of the flexible beam for assisting the locomotion of
the rigid body has been studied. To develop the control, it is necessary to predict the locomotion

for a certain period using a robot model, because the locomotion is a continuous phenomenon.
Therefore, the development involves two difficult problems: predicting ground contact, predicting
the behavior of flexible beams. As a solution to these problems, we devised a control method that
sets the model predictive controllers for the rigid body and the flexible beam respectively. In the
course of our research, we found that it was difficult to predict long-term behavior of the robotic
system, then it was decided to use the on-board computer for short-term prediction, and the large
computer for long-term prediction. We also have developed experimental systems to implement the
proposed control method.



B X C—19, F—19—1, Z2—19 (@)

1. BFERAR Y W) O &

KEW P IIRETCEHHERES ZRXLT—DOEBENARETHDL LWV oTmAnba R
v FOE L LT OR[N Z D TV A, BEICITFTKEZ T — 4 & LU THRE)Z Hi
TDELT 4 — K3y 7l B E SRR IRE) A 4 U2 WluE AR FiE, Jeimicny
R&H9 5 F2 % AV HERICBET 2R Thn T D . REROBFIE TIEFEL A %
BEINTERN—AHNEIT L2 L ORWIRHAREL TE . A% IOLRDHEL L TER
W THERSNEZT — 228 Lze Ry FOEHNRO LD, T E TICRIRET —
LExaRy MEH LEHRIIITbTWD oo, MEAJEMICBIT2FEHERR Y ho
REFIEICEAT 2 DO TR vy FARKIZFTIRGE)N ST 5 HUSMIAN N BFE L 72N &
ZEMEE LTS,

KRR E SN _N— AR L L TV A 56, BEAKETHD EIRE L
ELTHEMDITMHICTHT 5 LN TE RV, FEi)ITN— A L THRIREIZ
MINDTD, 74— R 74 U— Nl CIERREOLERIL TR L RES B -TS S, —F
THARPOFYEINIIRITTZ I L TR—REIT 0D T2, BN O TR E DOZERIFT—X
ER oD EE) & [RE LS EREOIN N IZ 272’ D, £, REFEFRRERTOT 7 Fax—H
2 CHIET 5 v AT MILBETH L7290, —FETFHIBIR L B D LEE TR RIS
V. ZZICFHRHEE v Ry MCERT A Z L0 L S O—ONRFET S.

2. WsED A/

AMFFE TIF AR 2 P50 L I~ — 2038 8) H_ amnis
TOVAT L uB R, il & OB A ZE LR 5
— A OTEE) & i85 K BEEE D 7 — RNy
7 I FEIC DWW THIZEZ1T O . AR TE R H T A
T X, L AROHHERY 78 (X 1A) & A ZRIVERE
EAH LTZZRERZE (K1B) S bnsd. A Fo
JeimiE i & B L TV A B EEIX STV RV, B
IR AR, BT 7 Fax—x, EHEORE
WIPEREAE CHERR S LT B ATERITERERE 1 X2k D
R ZHEHT HDIRTT 7 F 22— Z OMBIZITH. A
HobLEELEZ (RMREBE R EFLELE B 1. AORTLORER
12), FEKENO ORI BZ T D)), B HD
MBI EZBEL A MOBEELMT2 22525, A HOBENCKLE MLY OHER
BT 2 Z ik D A BE ORI OENAZ B E LTWn5.

(B)

(A)

3. BRIk

(1) AREFFETIXET A L& A ERMIMERER A BRV e B0 > 27 ACBT 2R 0B %
1ot AERE BESOHIEZGIV 305 2 & T2 oORBEEEBICE 2 5.

(2) BRE UG 2R > MARIBROES) 2B rTRENTHR D 720D, REFFIRGE 4+
WLV AT LOWEZIT T2, A O 3 WouEEB 2 HEL A2 n Ry T — LT AT L
L4 EOEEM Ry b, vy OEEEZREMICTRT 5720 0WHERHA Y 7 A4
DOEEA T T T 7.



4. WFFERE
(1) HIERIDBR

AWFFETIE, Huf & OBl A E 2 2 TR S0 A BB E RO REE 2 BB LT
TR 670 B ETETAZGID it e, SHETAVTHBIEO T Fu—F % & o7,
BRLUIHE S AT LOWEAK 2 17T, AFOET /L Tllf#ZE%Z DMPCL, BiBOE
TOTRIGIEZEZ DMPC2 &9 5. 4 DMPC (XA E BHENZENDT 7 Fax—2DA
1k, BEHOIRAKT 7 F o= —ZALEIZPNDITEE—A L AT 5. ol y MRIED
HAZfE & DMPC2 b A Stz Fi-— A2 b, A BBOELEZ DMPC1 D A L L=,
F7z, BARy MARKO BE#LE & DMPCL 22 b EN7-T) - B— A 2 N ERIBRALELS,
B #O#EIE A DMPC2 O AL L7=. DMPCI T B AE#E 2 BT D /N AN 2RO 5
M E LC, DMPC2 iZ B #OMRARMN S Bz BN E RS~ m & B SORITIZND
NEFT—RA L FOFRPR—ET /DO A 2RO HMEE L TERL L. 312 A
MEM ARy N THDHZEZHE L BEORA L HIE RO ERSARERE T

A BIE 3 WOLIEEN ZFFA T A HME T L& VY, HiE 2D O INFEANT T 1B L5
THEELZ., £, BHEERORKY v 727 ML 0 FE L. A OREMIRRE ) JER:
ik BB A PRIZRICWD TR T I I 2 b—3 a U T 2R, B oA EE K< L
AR ADFAEL, A BEATROBEIRD 72 OICHEm ORXE N TR TE W2 &R b»
S, ANAEEZ SIS LIZ) A ThHFEY I ab—ra 2 FTLRTULR L 20
0, FOLGEIIIRHHR PRIZTE 20,

F72, ba—~ /A KRy MIHiEE oEfisZE L7295 2 CHEBZFHHE LT\ D 2
LD, Ba—~< /A FaRy NOFENCE L CTHREEZITo72. LoL, FRO LI
RRVATLATHRINLDEDTHY, REIIART AT AT LW EE 272

ZZC, vy hOEH R T E BN TRIZD 0 50, EER R TRIE e AR v MZ
BHET /G EHICT, B2 TRIZ R v b EI3RR D BEFTICERE Sz KA E
BICLY PllTHZ L& Le. £, Rk RlEfiE 2 RO 25D TiE7e <, BEHOT 7
F oz —ZEEEEENE LEIET A BOMBEBLEBENE DL )BT D 0E2eHT 5
Z&T, HORE LWL EIRT 5 B BT

L Robotic System
Distributed ' : .
Body’s Target Model W, (0;1) Bod ow
Trajectory Predictive N ody 5
Controller Predicted Foree | ! utput X mha
P of Body am]i]StBates ' H ol X .
DMPCI atthe Base | ! : g = \
P e —an : o N
ObNx(T:,t — A7) : : b & NS P
@ it— AT G
ol ): i Robot’s Bod; i N
Predicted Force | !
- al the Base
PRhoaa [~ Bzt —an o4
Predictive Ny(7:t — A7) : : 4
Controller H g ' Output
ol Flexible - L I gé‘émc . p!
Beam w(0:1) : ; Ut
’_» (DMPC2) : :

X 3. AP EE 2Ry FOEED B R
AL BAE S ONE LR

2. ZERLU-HIEY 2T A



(2) EBRS 2T hDORER

s By BT AW ANAEONE & BB A BB AREIR Y AT A

3WITZERNICRBIT DALE & BB A HELATRE/R v AT A%, BB D 3 RTZEMN & EB 5
WA Z KT HAT AL LTEETHY, REWFZMBEOHEGRZFMT 5 5 2 TH
BRR[/RTH 5. Denso Wave DR v k77— VS-068 & W TR AT ADIEREEZIT -
7o, aRy T —2OFRICE N Y (U 2—F » 7 41 WEF-6A200-4-RCD) % #4# L 7=
T, FRICHEHR LD Y EaRy b T —20ay ha—J [ CHERRRRR a7 T
AT ABREEZEA L., ZHUC KD RHBEEHORITIZND heET— A b EiE Y
TEHAIL 72235, 6 HHEEER T 2K Z Ry 7 — Ak > TRETE 5.

- TR EAT D Em R Y b

WfEY > 7 EREE Ry N LTEBlZEZ D720, 77 a7 ¢ v 7 @) Al e/
Hju Ry NOWEEATo7. T anT 4y 7 REEICIHA 515 1/10 7 v 7 3F—(Z
HIEIZEM (JetsonNano) ZH45#E L, HEIEAR D DRI G IARE & A7 7 U v 7 f &l < &
HuaRy MR L. F£72, 480 ENPRHICES KO 28E25 25 &, LED & 7
NRTZUUAFERIZANT TRET DT A > b =P TEXIGTER. £2C, I ATH
BAEEIca Ry MR BEEIGEZ AR T 5720, FEEEE X — 2O HE ORI L LT
Jetson Nano (ZH5# AIEZR L— 3 o 7 0 — I OBEIRTE A7 I Jetracer 38N L, 7
D— DB HONTHER L=,

£z, —ARE—% (B3M-SC-1170-A) 2 B% AT, Ni-Ti O KEFEFIHRE % 2 il J57
IR DB A BUE L, Bl e A v FOBEICEY (1 72, BEITHm AR O AR & 1357
BELTWDR, 5% LT-V AT LA ZREELTFETHD.

- By FOEEBORMHTRIO O OWHEE 7 Z A%

a2 ARy b O BB TR 255 A AR T 27 by IPCICTIT O T ENEEL
WeBZ T, RROVEZEHAEL, FHLUEICE > TRy MAREBOAE LN
b 20 % KB SIFHEMIC L VHET 228 2 Lz, 22T, KHBISIGHEEE L
CTmac mini 237, ARFCRMEDCPUE AW WHIGHR A2 7 A% OWEE1T > 72

4. MRS OALIE L L8z 5. By bOFBORHTH O
FHLARE/R L 2T I TZODWHERA S T 2 4



3 0 1

N. Iwamoto, A. Nishikawa

Distributed Model Predictive Control-based Approach for Flexible Robotic Tail

12th IFAC Symposium on Robot Control

2018
3
2018
2018
2018
2018
0
1

2018-104741

2018




