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Development of Hybrid-type Motion Control Method for Intelligent Human Assistive
System with Safe Function and Low Power Consumption
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In this research, we developed assistive systems such as the wheelchair, walker,
and haptic device, with multiple functions. For controlling the assistive systems, we mainly used the DC
servo motors as the regenerative brake. Based on the braking control, we could realize several assistive
functions. This system can also charge the battery during the braking control, and we switches the
control mode from braking one to active one in some situations such as climbing upslope. By changing the
passive and active control methods appropriately, we realized the intelligent human assistive system with
safe function and low power consumption.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

WA, vy NEREAWD Z &, #H
TS T E OB O mELE B
& LTEAFERR R0 L - TRED U NE Y 77—
TarvEITHIEEISAR VAT A (INTT 4y
T T NA R) OFTEBAFEDRE AT TV
5. —fRICHERD v AR MR TIE, Rk
BRONT T 4 v 7 F AL AT —RE—H
ZELO AT, FD ZREEIICEREN TS 2 &
Thk &2 7eHREZ EBLT 5. mtkREL BT 5
O —RE—FEHN5Z LI13A%T
HDHN, BITERRE T e EOBENHAICB
Tix, ENMEREO- DI KX BNy T
V—%RHAT A LD, FORERE AT
LDERFNIORNY, NU—T A MAR
W EEECHEEEN AT LA EEBNT
EMHREEIZ 22D &0 ) ARKEE 72 FRENE
Z0Es. £, mHE—FEHWU A
T ATIL, VAT AL OMEEER 2
LA ANBOBERIZK L THE S
Rnd v, fakkRLRERE ) DX T L 7= i
RFEEZIC & > TXIEF IR AR DI K
HE[EEMERH 5.

TbEb, HEEREETZRE LIE
MR ZRINIE, 13 E A CDBUEERS ) N
U7 —va UHEERIE, BEAFOEEITEH)
MTZENTEDLLDTHY, RU—T X
RSB L 7 D RERITIEF T T, TR
ENBG B EINETCLE Y Z 05,
WYNCEENZINZ D Z ENRTE o7z
BEl, BENDET, HEEE, mEnl
ORENEZ > TWBHDONRIRTH H. +72
Db, BRI NE Y T — 3 VRO
EEALZIT O BAITIE, BREN S & o 7o EEh
IR CEY—RE—4 TITHDOTIEARL,
BENAHF O T B L, fEBRRAIRN
WZBWTOARMBIICHIROEEZ T 7 F
2 — X THIET S VW) FRBERTHS.

ek, HAIIADBEI AR Y MIINZ 57
Z, HERIZEY o7 r—% 2 AW T
ISED O ENZHIE T D EAT 2B L2, A
FETIX, Z D7 L —X il 2 @i as
RLIYUANEYTF— g VRIS T A L
T, VAT AL OBREEFEBTL LD
(CV AT DMZEE N D - THEESAICENME
T 5L NRWREZ RS AT L
DORA¥EHET. £72, T L—XHEE1TO
2=y b E LT —ARE—FHRHET L —
XELLTHWAZLEEZD. HETL—F
ERWDZ LT, EICHE A EHLT
HEICZANE—=NEEBIND =D, KiHE
AL ESRE A WAL L fEa s AT LA
KIDHZENAREE D, &BIL, BT
DXERET L —F DO TII LT ARATRE
— ORI TOI, [AET L —FITk->TE
ZONTETZRILF—FHWT, T—X % HEH
FICERBN XA T L —FflfE 775 47
HIEA2HKAE LA 7 v REGESHIH T
EOMEE L HIET.

EkmET L —F 2 AN TR LT —%

BIY - FRIH L, REEED AT L% KB
T HAGEE, SHESCHEEO SISV T
2 ATONTWER, TOIFEALIFTET—H
R VU ETRIINICEFH I TS
VAT AERHEE L, BOHSEDL &) B
DETORATZRLF—ZEIN L TWD.
ThbbRAET L —FEHWE/E R 2T
LORIEEMIL, (77T 4 72T %
Ml LionAa 70y REGEBHIETIE) b
BH.

LML, B IEAEERDFIRHE O#IES)
TEINSND Z EWFHET, FOBICHEER
8% B < 7- o OJGEREES T T <, BEE
W) - B 2RO HE I AiE, isEbh ke nvwo T
%< OREE 7 L —FHETITO Ry v
VAT LADFEBEZBRRTLOTHD. IHIZ
%, BV EORETRAZEICAREL T
HEMESCBEEI vy i P EHEEL, RREL
HRE OB EZRIAET L —FTEZLN
TR VX —TREBMICKET S, i,
(R TV AT LML LA T
v RALESBHIEET T, koL r
L—F% 2 AW 2T LD RRT 7T 4
TUAT AERIRE LI-a Ry MFSE LT
BRI D8 LWFED B CTH 5. ARID
BIENTHERDICEMNT Z N TE, hoEse
PECARTE B B I D E R S D ka2 ks
WTIE, TXTIEBW TR =T v & k&Rl
e T 0T, N L XOHMEY) 7
HIEZIT S Ry T AT A e L
AT Y REGEBYHIEET | OBHFE S LT
RAIRTHD.

2. WHEOHEM

AW TIE, HEWNTORTER 21 U o iy
ORI, Bl B 72 Dk 4 e BB g
FEER RIS A RE 72 7 L — R B 5 o0 — %
Ib&475. Fiz, EESTHEOV B F—
VarvEEBRTAIANTT 4 ITFNRAAD
BRF 21TV, 7 L — iz T 3 otz T
DO HLIE BIEREREC T R R RE 7 & &2 SEH
TDLERIANAEY T — g VOB
FEET. BT, VAT AOERFANIG D
THERMTET S 7 L — F F 4 AT REFE I
TRRNT L, XEEMEE 2 BT 5 7= D D 72
T L —X OB EAT O WERITIRVET L
7 L— A 2 e RN O A B iR
7.
F72, TL—FHlHEERT LT A R L
LCH—ARE—FEFHLEZEBAET L —F
RN T A, BAET L—FFTHICAH AT T
T2 DTl <, EH LWL
THUNCHED T L —% haRAETHT L
—X 7 U7 BLOFOHKIMFIELZRETS.
FREC, ZOHlEcEbniz7 1 —%haz=x
FNAF—L LTINS 52 & T, EiEE &K
W E ) 2 WL % = %)L — [ A ALEE)
HIEEA 2T 5. £, 7T L—FH#Eo
HTIHEB T TRBM R XENERS
20K & BRI EH RSO N [ O BB AT I 5D



WTHEE T 2 FIEZ ML, 7 L—Mlnc
Lo TEABNTETFIF—% P THiE)
H7eREEN SR b EH T DA 7 U v FHE
IR BT 2 5 5.

3. WrgED kL
AWFFERRE CIE, £, Eeic T r—%
MV ORIENFIRERBIA T L —F 2=
FEBIFEL, BET L —Fa2=v FEHVE
BoM OB E BT 5. £2, 6k,
EHRANOBENZRE LEEDT 71 r—yv
g RN — R TSN TR LT
727 L — 3 HI4E 0 7= 6 O E B F vk o —
WAL ZAITV, 3 IRTLZERTOXRHEE LT
a2 HARIGEHATE 57 L —XHl# L
At OWFZeBIR 2175 . = D%, 3 RITZEM
TEMER AR Y ALY T —a D)
DNTT 4 v T TNA AEHET D, £,
AT L—F%2=y FOIEEZITY, 7 L—
X NOHETZT TR, BAESINZZRLF
— % FAHLTHBMIc—FRe—2 L L
THHEET2H L WEET L —F2=v b
ZBARE L, T OFENHES 7 E B I Tk
DGR AT 5 .

4. WFFERkE:

HWRHIIZ T L—F ST OHIENFTRET, 2D
T—F bl x X —F Ny T Y
—ZERT A EMTELRAT L —F
=y NOBEEEIToT-. BT L —FF 31
2L L THEHY—ARE—F2HNWARZ &%
Z, TOV—RE—FZDT L—xHH%Z21T 9
E—H RTANRNEHB L., ZOFE—F N7
AN, H 7Y v URIEEEETHZ L TE
— XL T L—F "V BRAIEDS. I
X o Claldis L 7= B3 A3 5 & i 2 PW il
WIarz Lt TTL—F% MLy 2HIETS. =
LY, 7 U—XHIERRE I BV CTIXEE
BNEZIT O Z LN RA[REL 72 B 728, AEM
LRIV AT AL D. F£i2, BIENERKS
NTWAIRBICEBNTIE, TOEHRN NNy T
V—IZRYRETEDLITRH-TWVE. £
DIED>, —EBOBREE CREENHI N L E 2 55
Wi, H 7Y v PHIBORBELEEL, Ny
TY—=MMEDERICHESE OV |z E 21T
CCW [l#=DBEEN h L7 ZHHIHT 5.

AAFFETIE, ZORET L —Fa2=y MZ
FoTHENnsK 1ITRT LI RRZEHE
W EIEFENDH LWEWT 2 X—2 L L
BB AT AR L., B2 SR
+1T, THABHATH-THLEFDMAEH
WTRERREY U TEREBN &2 R A S D
TEMTEDLZ LRS- TNAS. Ll
ZOBEN % 5 EL AT TE AT L AR
L0, BGER EOMEET BRI TORE)
DFEFEIZ /2> TN D. ARIFFE TIEE A NMEE
LCELT7 L—FHEFIEEICHT D &
THIAET L —F2 X > TEHL OEREE FH
L7z, 77, EviRICBWTEIRRED S F
BT HHACEBRYGEE BN T DH LV o

7o —HB OAR L CTIZRE BN A 72 BREN ) S B &
b, BET L—FHIEICBWWTAED -
FAZRALF =2 NNy T U —ZKEEL, £V
Wi EO—FOIRPITB T, REEI 2K
‘EATO Lo ICH#EE— N2V EXDLF
BERE L. 2120, Pz —FRE—4MN
BB S TWEZE LT, B HERKT
O FEBNIF) HE DI Z D BB o x LT
B R 2 RO L O ICHIE R 2 3255 5
ZLT, BEMOEWS AT AEER L.

Servo Motors Differential Gear

X1 BB LR ERBE LT 2T A

Fo, FEOHEZ L OBEIa ARy FDT
OICEFF L CE RO T L —F %2 H iz 2
Wt i EE HIE FEO— b E21T\, B
TR AT DO HEER OFEEEK, BlE
WARAE U7 WO IE BN FIE O 217 - 70
BARPZIE, HimofEkE, i, REICL-T
AT D7 L— A REEIR 2 AT L, v
AT LADOEIFREELZDL X DT L —F 3
AERTREREIR DO BAFR M S, BRIE TR R E % i <
Zlickv@Eg T L —% hEREHT DL F
EORRZIT-oT-. ZHICX VWM 2ITRT X
D72 v A X BIYMRGE S AT A DRI
BEL, 7L —FfESNDF v AKX OME
PEEICB LS ENTE, HarBik
OBENE I EREL -5 2 LAl
REE o7, T Y A NHVLNHE
A AT DTG IS TRE 72 AT TH 5.

X2 Xy AXBMKERES AT L

Z O, 2 Woo 7 L— BN 2 58
JE S, 3 WRoCZEM CHEBIRAZIT 9 NTT



S YT TR, ADTZDD I IRITZER T L —F
il AR AT OB 21T - 7. Rl 3K
JETOT L—XFAE R REFEI O MEHT XX 3 12
R X OICIEF B 2 D03, BUEfT T
Ik vy 7 v —x% h 2B+ 5 FE

DIEFEEAT T,
M3 TAYHNTT 4o I TRAREE
D7 L — X Hil{H) rRERE I

B L CxmEAET L—F %2 Hn - iESH
I FiEEEH LB B AT A0
NEY T =g VEITEATERAT T 4
v 7T NA ADH M ERRGET D Rl 55k
ATo7-. FEEICEAET L —FI12 Xk o THIHE
SNDHLIT M AEREL ORI L,
201 FE 7 A LV RFEERME L=, £, BlD
L OHEFERICE Y, AT L—FHIE
WEDRZEHNTOETEE AT LD
FESEIC T - B M A D TN D, N
T AT TN, ZAOFMICEI LTI, #EA
Z HAEREIBRE S5 ERE2 T EICE
> TITVY, E ORIRIBTENE % & ERIICEEM L
7o, ZHUISHOGEIREEESIC L 5 ER
D728 D22 O FERLFEAMN I B O REtHc
KE<HBERLZ.

ZDIED, WEELIZHET LY XLARZE
NWEEA LIz NSV AT A0, %
WiimsGGE, ENTFECEBE TR THEREZIT-
7z

5. ElRREImLE
UEsEamsa) o)

@O Shinji Suzuki, VYasuhisa Hirata,
Kazuhiro Kosuge, Motion Control of
Wearable-Type Walking Support System
based on the Spring-Mass Model,
Advanced Robotics, % #it £, 2015,
1339-1355.
DOI:10.1080/01691864. 2015. 1090335

@ Aya Kaisumi, Yasuhisa  Hirata,
Kazuhiro Kosuge, Investigation of

User Load and Evaluation of Power

Assistive Control on Cycling
Wheelchair, Journal of Robotics and
Mechatronics, ##if, Vol. 25, No. 6,
2013, 959-965.

URL:https://www. fujipress. jp/jrm/rb
/10bot002500060959/

® Shinji Suzuki, VYasuhisa Hirata,
Kazuhiro Kosuge, Hiroshi Onodera,
Motion Support during the Swing Phase
using Cooperative Walking Support
System, Advanced Robotics, & A,
Vol. 27, No. 17, 2013, 1337-1349.
DOI:10.1080/01691864. 2013. 826412

@ SEHEHEBA, NEPES, NE—IL, BEO
Ny TRBEaRy &AM EDOH
TN X DR OWE, I E BhiflE
SRS AL, 49 & 35, 2013,
353-361.

DOT:10.9746/sicetr. 49. 353

® Masao Saida, Yasuhisa  Hirata,
Kazuhiro Kosuge, Motion Control of
Caster—type Passive Mobile Robot with
Servo Brakes, Advanced Robotics, #F
#if, Vol. 26, No. 2, 2012, 1271-1290.
DOI:10.1080/01691864. 2012. 689728

(Fa¥ER] (10 14)

(D VYasuhisa Hirata, Shotaro Ando,
Kazuhiro Kosuge, Cadence Control of
Cycling Wheelchair with Continuously
Variable Transmission and Servo Brake,
Proceeding  of the 2016 IEEE
International Conference on Robotics
and Automation, 2016 45 H 18 H, A
My Z AR (AT =—T ).

@ VYasuhisa Hirata, Hiroki Yamaya,
Kazuhiro Kosuge, Atsushi Koujina,
Tomohiro Shirakawa, Takahiro Katayama,
Anomaly State Assessing of Human using
Walker—type Support System Based on
Statistical Analysis, Proceedings of
the 2015 IEEE International Symposium
on Robot and Human Interactive
Communication, 201549 H 1 H, #F
EERE#Y (FF).

® Aya Kaisumi, Hirata,
Kazuhiro Kosuge Pedaling Assistive
Control Method of Cycling Wheelchair
for Hemiplegia Patients, Proceedings
of the 2015 IEEE International
Conference on Robotics and Automation,

201545 A 29 H, > 7 b CKE).

Yasuhisa

@ Masao Saida, Yasuhisa Hirata,
Kazuhiro Kosuge, Pose Estimation of




Servo—Brake—Controlled Caster Units
Arbitrarily Located on a Mobile Base,
Proceeding of the 2014 IEEE/RSJ
International Conference on
Intelligent Robots and Systems, 2014
FI9H16H, >3 CKRE).

Shinji  Suzuki, VYasuhisa Hirata,
Kazuhiro Kosuge, Walking Support by
Wearable System based on the

Spring-Mass Model, Proceedings of the
2014 TEEE/ASME International
Conference on Advanced Intelligent
Mechatronics, 201447 H 30 H, 7
I (TTURA).

Aya Kaisumi, Yasuhisa Hirata,
Kazuhiro Kosuge, Assistance Control
Method for One-Leg Pedaling Motion of
a Cycling Wheelchair, Proceedings of
the 2014 IEEE International
Conference on Robotics and Automation,

201446 H 4 H, &k (FE).

Yasuhisa Hirata, Kazuhiro Kosuge,
Eric Monacelli, Power Steering and
Force Display Controls for a Cycling
Wheelchair Using Servo Brakes,
Proceedings of the 2014 IEEE
International Conference on Robotics
and Automation, 2014 4% 6 H 4 H, &HHE
(FED.

Aya Kaisumi, Yasuhisa Hirata,
Kazuhiro Kosuge, Assistive Motion
Control of Cycling Wheelchair Based on
Investigation of Load on User,
Proceedings of the 2013 IEEE/SICE
International Symposium on System
Integration, 2013 4% 12 A 16 A, #F
EFRams ().

Yasuhisa Hirata, Kazuhiro Kosuge,
Eric Monacelli Steering Assist System
for a Cycling Wheelchair Based on
Braking Control, Proceedings of the
2013 IEEE/RSJ International
Conference on Intelligent Robots and
Systems, 20134E 11 A4 H, Wt v 7
A CGER).

Yasuhisa Hirata, Kota Kawamata, Kana
Sasaki, Aya Kaisumi, Kazuhiro Kosuge,
Eric Monacelli, Regenerative Brake
Control of Cycling Wheelchair with
Passive Behavior, Proceedings of the
IEEE International Conference on
Robotics and Automation, 2013 &5 H
8H, H—nAL—= (KAY).

(X&) Gt 2)
O FHEEA M, HAfE®REGS, &lmE -

6

TITF 4T =T ORE - =— XD
LRGBS DD T, 2016, 492.

PHEBA M, BdffEws, V-7
VAN aRy MY MR, BT
#=, HAE & FERE, 2 ORCHEG, 2015,
590.

W FeAL

()P 5

EH ZRA (HIRATA YASUHISA)
HAERS: « KRB TR - Hed=
WTeE &5 20323040



