[DESCRIPTION] [Title of Invention] POWER-ASSISTED CART AND METHOD FOR CONTROLLING
POWER-ASSISTED CART 5[Technical Field] [0001] The present invention relates to a
power-assisted cart which controls a motor based on a force applied to a handlebar, and moves using
power proyiDésitani BAd 6nNtbr. 10[Background Art] [0002] Barrows and carts are used as
transporta 'cfl?t?grgff%w%%sﬁ%i g heavy loads. In order to manually move a transportation cart,
exhausting l[abor is required of its user. Hence, 15 to overcome the problem, power-assisted carts
have beenPOYJERed S poWweRassiSB& Cart i8N randddridt € cart aRng £@dtdR&aHd ddbles using

power progmgﬂm&ggméﬁgg@% a force applied by a user to the handlebar of the cart. [0003]

20When the user pushes ar of the power-assisted cart to walk, the motor generates
assisting polesitfor egkigtiatrd propelling force applied to the power-assisted cart by the user through
the handle@bd' f:fing advantage of the assistance by the assisting power for the moving, the user can
move the 25powert-assisted cart with a little force. [0004] FIG. 8 shows a side view of a conventional
power-assisted carti€ Thessendriasspidiosart ¢! mchid &9 aca®Weiir Begystesl cart which

controls a motor based on a force applied to a handlebar, and moves
using power provided from the motor.

10 [Background Art]

[0002]

Barrows and carts are used as transportation carts for
transporting heavy loads. In order to manually move a
transportation cart, exhausting labor is required of its user. Hence,

15 to overcome the problem, power-assisted carts have been suggested.
A power-assisted cart is a transportation cart having a motor, and
moves using power provided from the motor based on a force applied
by a user to the handlebar of the cart.

[0003]

20 When the user pushes the handlebar of the power-assisted
cart to walk, the motor generates assisting power for assisting a
propeiling force applied to the power-assisted cart by the user
through the handlebar. Taking advantage of the assistance by the
assisting power for the moving, the user can move the

25 power-assisted cart with a little force.

[0004]

FIG. 8 shows a side view of a conventional power-assisted cart
1. The power-assisted cart 1 includes a cart main body 2, a
handlebar 3, a motor 4a, a control unit 4b for controlling the motor

30 4a, and a wheel 5 driven by the motor 4a. Moreover, an operation
input sensor 6, which is a part of the handlebar 3, includes: a sliding
input unit 7 which is slidable back and forth with respect to its
original position; and a spring 8 which urges the sliding input unit 7
into the original position. Since urged into the original position by
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handlebar 3, a motor 4a, a control unit 4b for controlling the motor 30 4a, and a wheel 5 driven by the
motor 4a. Moreover, an operation input sensor 6, which is a part of the handlebar 3, includes: a sliding
input unit 7 which is slidable back and forth with respect to its original position; and a spring 8 which

urges the %Ii'rc&ngmhguwt tingoshelpriginabrasitient Sinsewiges! irtedhe Origingh Bositignrhy the
spring 8, the sliding input unit 7 always returns to the original position. [0005] When the user walks,
pushing thE 5{ N input sensor 6, 5 the operation input sensor 6 detects, as an operating amount,
a sliding alﬁ@gotgqf the sliding input unit 7 that is pushed and slides from the original position. The

control unit 4b cont s the, state of an ou ut from the mot%£4a mté)gafortlon to the ma%nltu e of the
operating amount %%.e u?%rewﬁ] RordPMT G0 O QR I‘HHpU?BHl% valleYased on the

operaing ameuot;xmtactedm bmtbemmatgmlr@uﬁeemsﬁ dlext the pentsei ngit émmulhpllea the
output a3 VIS (L LEHD! BB IR Bisel GItHe HUkor 2 ASOBAS &N HOEa that in
the case wihenmithé slidinig inRut poiitislides Toneacd nktind original pasition- (s thedeft it I6f 8), the
operation an output from the motor 4a in proportion to the magnitude of the
operating amount.
10 [0006]
Here, the control unit 4b calculates an input data value based
on the operating amount detected by the operation input sensor 6.
Next, the control unit 4b multiplies the input data value by a
proportionality constant to obtain an output data value. Then,
15 based on the output data value, the control unit 4b controls the
speed of the motor 4a.
[0007]
It is noted that in the case where the sliding input unit 7 slides
forward of the original position (on the left in FIG. 8), the operation
20 input sensor 6 detects the input data value as a positive value.
When the operation input sensor 6 detects the input data value as the
positive value, the motor 4a generates assisting power for moving
the power-assisted cart 1 forward. Itis notedthatinthe case where
the sliding input unit 7 slides backward of the original position, the
25 operation input sensor 6 detects the input data value as a negative
value. When the operation input sensor 6 detects the input data
value as the negative value, the motor 4a generates assisting power
for moving the power-assisted cart 1 backward (See Patent
Literature 1, for example).
30 [0008]
Hence, the power-assisted cart 1 reduces the labor of the user
moving the cart.
[Citation List]
[Patent Literature]



20 input sensor 6 detects the input data value as a positive value. When the operation input sensor 6
detects the input data value as the positive value, the motor 4a generates assisting power for moving
the power-assisted cart 1 forward. It is noted that in the case where the sliding input unit 7 slides
backward b@the%liginal position, the 25 operation input sensor 6 detects the input data value as a
negative VEMetvyTen the operation input sensor 6 detects the input data value as the negative value,
the motor 4a generates assisting power for moving the power-assisted cart 1 backward (See Patent
Literature 1, for exs@aiié)eSG00IBE X anHarse, tha er-Asgricatan 1 Ridbbissitie tabdiof the
user movir;_gjt@g Ccagdletation List] [Patent Literature] [0009] [PTL 1] Japanese Unexamined
Patent Application Publication No. 2005-75043 5 [Summary of Invention] [Technical Problem] [0010]
Wherbthe LSet88 fie plowarasdicted cart 1 just like a manual transportation cart, the user pushes
the handleppééqfﬂqwgrq; ,ltg)b'lj@(,erp})nventional power-assisted cart 1, however, controls the state of an
output from the motor 4a in propoition to the operating amount detected by the operation input sensor
6. Hence, WH8&A e handlebar 3 of the power-assisted cart 1 is pushed forward and then suddenly

pulled backward, thgHROfOEAR IS GIHrqlleddorRruerse via LR EFYeEs cilifolingyjiably causes the

motor 4a to generate assisting power in the o\%posite direction of the movin{g direction of the
power-assiS@d earht tranRee fhe dosistRgtn sWer ke slidaEsk) g kbada i ied 8ppd<re Wirdstion of the

moving diretior §hiPe POWRRASSEIRErCaE dishedPeWPE-asSiRioN 698 1 oSS s stahilitsRWhen the
power-assisted cart 1 loses its stability, the user might fall = )
of an output from the motor 4a in proportion to the operating amount
detected by the operation input sensor 6. Hence, when the
handlebar 3 of the power-assisted cart 1 is pushed forward and then
suddenly pulled backward, the motor 4a is controlled to reverse,
15 The reverse control inevitably causes the motor 4a to generate
assisting power in the opposite direction of the moving direction of
the power-assisted cart 1. When the assisting power is suddenly
generated in the opposite direction of the moving direction of the
power-assisted cart 1, the power-assisted cart 1 loses its stability.
20 When the power-assisted cart 1 loses its stability, the user might fall
down.
[0011]
In other words, the conventional power-assisted cart 1 has a
problem of losing its stability when the user moves the handlebar 3 in
25 the opposite direction of the motion of the cart, as if he or she were
~ moving a manual transportation cart.
[0012]
The present invention is conceived in view of the above
problems and aims to provide a power-assisted cart which a user can
30 operate just like a manual transportation cart.
[Solution to Problem]
[0013]
In order to achieve the above aims, a power-assisted cart of
the present invention includes: a cart main body; a handlebar which
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down. [0011] In other words, the conventional power-assisted cart 1 has a problem of losing its
stability when the user moves the handlebar 3 in 25 the opposite direction of the motion of the cart, as
if he or she were moving a manual transportation cart. [0012] The present invention is conceived
in view of fise piovidgrdblemisend airhstmproide ¢ pawve passisted tactrwhibihch udert eati3@operate
just like a manual tr janycar i I e hieve the above
aims, a power-a@séisatsgggcgag?%ﬁ {ﬁegpbé'?e\ﬂﬁ %?/%ﬁgﬁg%rﬁfgcﬁu g[gggei]gﬁ %a%%gd&tc% ?;[ngltfggrE \(/avhich IS
provided té! e chinmat Botgrdispeeetstnsde iautadetegs  ndeiag shaedi padtiomnovfhgriirection

of the cart mai : | ' i itude irecti fan
operating f(rc)])ﬁéel?\%ﬁ @I’(ﬁ; i@%{%ﬁﬁﬁ]g%ﬂﬁﬁggﬁﬁgp%%ﬁ %I%g%gr%w]g Ir %t%ﬁ(?f t eé?:art
main BodyMoativiegibadaaihieh theves thersaim rhaif hody daitakget Spusdeyerziating onies
configure t g b anj ing.f heg moving
speed; an%%gg\)aﬁ{)? Sﬂ?? E:?g)rn igﬁrﬁ % c?oérﬁgﬂh%%er'i%%g@s%ﬂgzgggfg%ﬁ?&??ﬁgg@E)%iceitdfevherein

the target %@ﬁé@&%e&he‘?éﬁ@@brﬁﬂ@@@nﬂgﬂﬁed t® @ehaﬁat@"tﬁs ety epeéd b ppfaitst ghan the
moving spegeip thefasraypreiig Boxing disction @adhs1dIastien RS APg BINIRISS pre

same, andéili) slower than the moving speed in the case where the moving-direction and the direction
of the opefatfigttbleingressppbctie DESIE019N thfdiabget isPRRY toMBKIEREtHE Ghdws aris, a

methoyl fo%ﬁ?é’é@“ﬁ%PQWWga%ﬁﬁEG%C%H'F%@@ 62y S drsyfehaidichayaieh iggrovided

to the cart main body, a speed sensor which detects a movljré% speed and a moving direction of the

cart 20 mafbbdy fARESS 1éha B &ing WDELHRBRY 1B deectcr FfagMialE aHaen Bne¥tivd of an

operating fgreecviueh isaprird i tae tandiepanwity ﬁ%%@hkim@@\épg QiERAlONHh g jeqrt main
body. The method includes: generating the target ?ﬁ%ﬁd to be {i) faster than the moving speed in the
case wher&! @Y &Fo\iR iR EBHXE NG BREE SR ot oF BRSPS BRI B8hiE rESdIGN slower

than the mgina: Blreedradhiv tase wﬁer%H&mvﬂggféife@ti@?é@ﬁbwit@qtion of the operating force
are R@OSiE%’Oa{]d moving the cart main body based on the target speed.

4]
Moreover, in order to achieve the above aims, a method for
controlling a power-assisted cart including a cart main body, a
handlebar which is provided to the cart main body, a speed sensor
which detects a moving speed and a moving direction of the cart
20 main body, and a force detecting unit configured to detect a
magnitude and a direction of an operating force which is applied to
the handlebar with respect to the moving direction of the cart main
body. The method includes: generating the target speed to be (i)
faster than the moving speed in the case where the moving direction
25 and the direction of the operating force are same, and (ii) slower
than the moving speed in the case where the moving direction and
the direction of the operating force are opposite, and moving the cart
main body based on the target speed.
[Advantageous Effects of Invention]
30 [0015]
The present invention can provide a power-assisted cart which
allows a user to operate just like a manual transportation cart, and a
method for controlling the power-assisted cart.
[Brief Description of Drawings]

-4 -



" [Advantageous Effects of Invention] 30 [0015] The-present invention can provide a power-assisted
cart which allows a user to operate just like a manual transportation cart, and a method for controlling
the power-assisted cart. [Brief Description of Drawings] [0016] [Fig. 1A] FIG. 1A shows a
perspectivéﬁﬁ)e\/ﬁd)f a power-assisted cart according to Embodiment 1 of the present invention. 5[Fig.
1B] I\fF ws a block diagram of the power-assisted cart according to Embodiment 1 of the
presentin on [Fig. 2] FIG. 2 shows a perspective view of the power-assisted cart 10
coupled with a trallﬂr{&ccbmns@m@nlo@ﬁfém&qﬁ@ 3jiew MG.3B pepiots it siowing how

to generatg & ?fﬁ?ﬁ PES Hq'%’BB?H{'é‘ ptql. é?'g é?&%n‘%%%%s%‘ﬁ“ diagram of a
power-assisted cart ccor ing to Embo |ment2 present invention
5 [Fig. 1B]
FIG. 1B shows a block diagram of the power-assisted cart
according to Embodiment 1 of the present invention.
[Fig. 2]
FIG. 2 shows a perspective view of the power-assisted cart
10 coupled with a trailer according to Embodiment 1.
[Fig. 3]
FIG. 3 depicts a flowchart showing how to generate a target
speed in Embodiment 1.
[Fig. 4]
15 FIG. 4 shows a block diagram of a power-assisted cart
according to Embodiment 2 of the present invention.
[Fig. 5]
FIG. 5 depicts a first flowchart showing how to generate a
target speed in Embodiment 2.
20 [Fig. 6]
FIG. 6 depicts a second flowchart showing how to generate the
target speed in Embodiment 2.
[Fig. 7]
FIG. 7 shows a block diagram of a power-assisted cart
25 according to Embodiment 3 of the present invention.
[Fig. 8]
FIG. 8 is a side view of a conventional power-assisted cart.

[Description of Embodiments]
30 [0017]

Hereinafter, embodiments of the present invention shall be
described with reference to the drawings. It is noted that identical
constitutional elements share the same reference sign, and the
details of such elements may be omitted. For the sake of
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[Fig. 5] FIG. 5 depicts a first flowchart showing how to generate-a target speed in Embodiment 2.
20[Fig. 6] FIG. 6 depicts a second flowchart showing how to generate the target speed in
Embodiment 2. [Fig. 7] FIG. 7 shows a block diagram of a power-assisted cart 25 according to
Embodiment 8ot tHie preseat ihaewiing. FripeShBIGC 8lly axside ivienndy sstomwengarmdl pdvwidreassisted
cart. [Description. [ 017] Hereinafter baodiments of the. present invention
shall [be deé@ﬁ%gic? gvﬁhgﬁtgfgrﬁgﬂog&égd rawirrﬂg%rﬁﬁ(fé]%te %%?idgor}:tic?a!ﬁ gon%ht"teﬁ%%@n e Qrglsents
share the sikse riferdnzelsignjaudd she diftalesbsuchelemthe prases briittesh Bonthe Shie of

convenien j h ically_.an j G itutj I S
oreover o L BOHE BRI TR S s Rl o
The cbhnstigitonalsiemeigparraagemen posiions@f theeonastptordl Sdiestenis dtaps, tnel an

Rk L i e R A A
[0018]
[Embodiment 1]
FIG. 1A shows a perspective view of a power-assisted cart 10

10 according to Embodiment 1 of the present invention. FIG, 1B shows
a block diagram of the power-assisted cart 10 according to
Embodiment 1 of the present invention. In FIG. 1A, arrows A and B
respectively show the forward and backward directions of the
power-assisted cart 10.

15 [0019]

The power-assisted cart 10 includes a cart main body 12, a
wheel 18, a sub wheel 19, a handlebar 11, an operating force
detecting unit 13, a motor 14, a speed sensor 15, and a control unit
41. The control unit 41 includes a target speed generating unit 16

20 and a motor control unit 17. The wheel 18 supports the cart main
body 12 from under the cart main body 12. ‘The wheel 18 is driven
by the motor 14 to move the cart main body 12, using a friction force
acting on the ground. The handlebar 11 is provided to the cart main
body 12 and receives an operation from the user. The operating

25 force detecting unit 13 detects, as an operating force S(t), the
magnitude of an operating force applied to the handlebar 11. The
motor 14 is a driving source to drive the wheel 18. The speed sensor
15 detects the moving speed K(t) of the power-assisted cart 10.
The target speed generating unit 16 generates a target speed M(t)

30 based on the operation of the user, and transmits the target speed
M(t). The motor control unit 17 controls the motor 14 based on the
target speed M(t) transmitted from the target speed generating unit
16. Here, the “target speed M(t)” is the speed of the power-assisted
cart 10 that the user desires to achieve when the user is applying the
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10 according to Embodiment 1 of the present invention. FIG. 1B shows a block diagram of the
power-assisted cart 10 according to Embodiment 1 of the present invention. In FIG. 1A, arrows A and
B respectively show the forward and backward directions of the power-assisted cart 10. 15[0019] The
power-asseeradan i fincheles(a)caa iitan hadyl1@bamwhdel 18, a sub wheel 19, a handlebar 11, an
operating f@%fz%e]tecting unit 13, a motor 14, a speed sensor 15, and a control unit 41. The control
unit 41 includes atarget speed generating unit 16 20 and a motor control unit 17. The wheel 18
supports the cart irfagntbadg Ebfaon Lrfties thes panitvgdin b 02v Thenhead @8 odifecndsethe motor

14 t [ i friction.f i T 1li
provided e ot Tty Hoasy R A e U e PP S atts Badorce
detecling it ab@ctd, las %hﬁoﬁ@ﬁtm@ forey 'EC(E)QtHZ@ nifignituaiscofodntbperasmgierbe applied to the
nandiebar 43 i MloriAa g fovieeda e Ie mbgeLIS Tl spestlsersa i otect the

moving spee of the power-assisted cart 10. The target speed generating unit 16 generates a
target spe&t MN¢N30bBsEd drithe operation of the user, and transmits the target speed

[0021]
Through a magnetostrictive sensor attached to the handiebar
10 11, the operating force detecting unit 13 detects, as the operating
force S(t), an operating force applied by the user to the handlebar 11.
The speed sensor 15 detects the rotation speed of a rotating shaft of
the motor 14, using an encoder attached to the rotating shaft.
Based on the rotation speed of the rotating shaft, the speed sensor
15 15 calculates the moving speed K(t) of the power-assisted cart 10.
[0022]

It is noted that when the user in front of the power-assisted
cart 10 moves the handlebar 11 forward (pulls the handlebar 11 in
the direction of the arrow A from the neutral position), the operating

20 force detecting unit 13 detects the operating force S(t) as a positive
value, When the user moves the handlebar 11 backward (pushes
the handlebar 11 in the direction of the arrow B from the neutral
position), the operating force detecting unit 13 detects the operating
force S(t) as a negative value. In other words, the operating force

25 detecting unit 13 detects the direction of the operating force applied
to the handlebar 11 as a positive operating force S(t) or a negative
operating force S(t), as well as detects the magnitude of an operating
force applied to the handlebar 11 as the absolute value of the
operating force S(t).

30 [0023]

When the power-assisted cart 10 is moving forward, the speed
sensor 15 detects the moving speed K(t) as a positive value. When
the power-assisted cart 10 is moving backward, the speed sensor 15
detects the moving speed K(t) as a negative value. In other words,
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M(t). The motor control unit 17 controls the motor 14 based on the target speed M(t) transmitted from
the target speed generating unit 16. Here, the "target speed M(t)" is the speed of the power-assisted
cart 10 that the user desires to achieve when the user is applying the operating force S(t) to the
handlebar ttie [6p23}d sdiedrahdletbatddthas a bpFitiganot shawi)prdvel gobte és-sass sYelaen the

user does petating farce S(t 5. g& ril,t ing prqvi to the base of
the handleggkqgfglg}v%%he% %ﬁm%g} 1 &tégget{]pg si{%i@ Qa}t)[ﬁ‘é n&tﬁ‘éﬁ%@& anaﬁ%gv‘vgrtlgn IG. 1A,
[0021] Thrabglobrbagrztostriztivéd sermsov Bnachipe ¢l tie hiandlebar 10 11, the operating force
detecting Lgrq 4((jetects, as the operating force S(t), an operating force applied by the user to the
handlebar 11. The speed sensor 15 detects the rotation speed of a rotating shaft of the motor 14,

using2n encoder difsehetdri tre aRewy KHdh. Bhsdopawestation geddefihd ftaang shaft, the
speed Se”é%j e 8%!"[5'5‘&%@%*}?(@%@%@3%'6“& gbie F&H*"’ﬂ’i'é‘%%sttgﬁ § ”&ﬁa?‘ﬁo lehe ILis

noted that when the user in power-assisted cart 10 moves the dlebar 11 forward (pulls

the ha_ndlemthrinltﬁe diTéHﬁori]Soptaéaalm meomwm@ﬁgwalqdb@tm, Wb epérathg i@ terce
detecting ypjt13dgtectsthe 9@@@8@9,f%rset%afr?epﬂ%wn@%o?gé%eﬁmf RGN oM dhe

handlebar 11 backward (pushes the handlebar 11 in the directi the arrow B from the neutral

position), thE ®peratiiey Fsiep eletkxfing thitE-feftidi€the operating force S(t) as a negative value. In

othey gvord ;ngg)j)erating force 25 detecting unit 13 detects the direction of the operating force

applied to the handlebar 11 as a positive operating force SI(P or a negative operating force S(t), as well
&

as detects the madritBfle oP a8 dpeRindférc®BEIRLANS tHO RaRdiehh 18 ekeEesbsbiutd Nalue of
the operating épe08 §Dforce detecting unit 13, the target speed generating unit

16 generates the target speed M(t).Here, the current speed of the
power-assisted cart 10 affects the calculation by the target speed
15 generating unit 16 of the target speed M(t). Hence, the target
speed M(t) is calculated based on the moving speed K(t) detected by
the speed sensor 15 and the operating force S(t).
[0026]
Suppose the power-assisted cart 10 is moving forward
20 (moving in the direction of the arrow A). When the power-assisted
cart 10 is moving forward and the operating force detecting unit 13
detects the positive operating force S(t), the target speed generating
unit 16 generates a target speed M(t) which is faster than the moving
speed K(t) detected by the speed sensor 15. When the
25 power-assisted cart 10 is moving forward and the operating force
detecting unit 13 detects the negative operating force S(t), the
target speed generating unit 16 generates a target speed M(t) which
is slower than the moving speed K(t) detected by the speed sensor
15. The target speed M(t) is calculated based on the following
30 Expressions 1 and 2:
[0027]
I(t) = S(t) x A (Expression 1)
M(t) = K(t) + I(t) (Expression 2)
[0028]



30 [0023] When the power-assisted cart 10 is méving forward, the speed sensor 15 detects the
moving speed K(t) as a positive value. When the power-assisted cart 10 is moving backward, the
speed sensor 15 detects the moving speed K(t) as a negative value. In other words, the speed sensor
15 detects a directibaria whith thee panevasssted Sart16fthe daarrdaih bedy fR)vwsemengrjsas well as
detects th% 839;'8}%5@'”6 of the moving speed K(t). [0024] 5The moving speed K(t) of the
power-assisted cart'10 can be calculated based on the rotation speed of the rotating shaft of the motor
14. This is[kHg¢afde the motor 14 and the wheel 18 rotate together via a reducer, so that the moving

speed and the rotatjoy.s r jopal a . Then. ha t
operating force S(?)ttd[egte@{%e%dg %?@%ﬁ%ﬂ@%%@e%ﬂ%ﬁé&l 1%%81%5;]t%gatt)ar'geﬂggegﬁ%gﬁegjting unit
16 geheratdwtipotargetapett ei{tiHdete | hervament byedumbipsi pbingrpesisted chte 1o affeets the

lculati . d: ' | f t d
Lo 00 OB DB IEVINE NS BLIVOELIESH M TS el soe
force S(t). T0026Y SdghoseliepoweMassisned Gatth® i9 awdhyasesiErdZR(ifiovdtinAhésdirection of
the arrow A).ANhep the Rawe=aeFa ARt L0 famguing f?wa%ﬁ%mﬁ%oetrﬁgn% S ﬁﬂﬁding

unit 13 detects the positive operating force S(t), the target speed generating unit 16 generates a target

speed M(tf WHieh BfEktéptHahahb eveeiTR SpEsER (P agested(By the Bpeed SR 6TASS IdltRsh the 25
powgpassigted el 19 IS raoyid deyerl AE dre QREIAINY FGeLIesing WA dRIpGShe

negative operating force S(t), the target speed generating unit 16 generates a target speed M(t) which
is slower tRaf NS FFGVinG $PERAIK(t) detected by the speed sensor 15. The target speed M(t) is
calculated [tga@g@?n the following 30 Expressions 1 and 2: [0027] I(t) = S(t) x A(Expression 1)

The control unit 41 of the power-assisted cart 10 in FIG. 1B

compares the moving speed K(t) detected by the speed sensor 15

15 with the target speed M(t) calculated by the target speed generating
unit 16. Along with the comparison, the control unit 41 causes the
motor control unit 17 to control the rotation of the motor 14 so that
a prospective moving speed K(t + 1) approaches the target speed
M(t). As a result of the control, the moving speed K(t) of the

20 power-assisted cart 10 gradually approaches the target speed M(t).
[0031] _

Suppose the case where the user stands in front of the
power-assisted cart 10 and walks, pulling the handlebar 11 in the
direction of the arrow A. Here, the target speed M(t) of the

25 power-assisted cart 10 is set faster than the moving speed K(t) of the
power-assisted cart 10. The motor 14 is controlled to gradually
increase the moving speed K(t) so that the moving speed K(t)
approaches the target speed M(t).

[0032]

30 In contrast, suppose the case where the user in front of the
power-assisted cart 10 is walking forward and pushing the handiebar
11 in the direction of the arrow B. Here, the target speed M(t) of the
power-assisted cart 10 is set slower than the moving speed K{t) of
the power-assisted cart 10. The motor 14 is controlled to gradually
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M(t) = K(t) + I(t)(Expression 2) [0028] Here, I(t) is a power-assisted speed and A is a
power-assist coefficient. [0029] It is noted that the power-assisted speed I(t) is the speed of 5 the
power-assisted cart 10 moved by the assisting power. Here, the assisting power is provided to the
power-assibteneart Obtiveemtivey ators p4 extatéé L Mayeovédrathe pewenassiag cagfeidntk & a
predetermi iCj b fQr conyesting the operating force S(t) to the power-assisted
speed |(t)_5}2%'%%%2}%2t§§%§ ﬁfg&%ﬁ??% 9 \ggbiéble number, and the power-assist coefficient A is
a constant f\d3aer. [0030] The control unit 41 of the power-assisted cart 10 in FIG. 1B compares

the moving speed () defeqid by iys sge pensoL 45 ASYHH G RrMet seed MIY cajcuigted by the

target speed generafing uhit 16.”Along wi € cdmparison, the contro 1 causes the motor
contrél uniigue&ontrokthe roRpes dkthdimetdiaa sefinblg prospsctye dhoviigepeed Kine 1)

approac“?&()&?eﬁ@@%?@@@(ﬁj %959532 af&%%%éi@ﬁ ﬁgt”QBW F Oe(['ggﬁ@aa%@@pgr%ﬁ%d

power-assisted cart 10 grac i aches the target speed M(t). [00 ose the case
where the ilfseb3EarRiR ROHHR of ihePoner-aEsiticd a1 inghadikgikd, pollingknsiwmdieBarell in the

direction of the t}é&b@%ﬁdi’&&?&% PRIFEMIS 0f e dh BeWBIRAGPIRIRILIA 48 dpssLaster than

the moving speed the power-assisted cart 10. Thé motor 14 is controlled to gradually increase
the movind'§yeed, Kif) SoUsatheafiolR§ sHeedRqly 8pprsEdisds the tirf et SpesE M@ @32 30In

contigst, SHARRERI HRe3EE e i Useh et efFdhsportation cart especially when
he or she desires to suddenly reverse the moving direction of the
power-assisted cart 10.
[0034]
Here, the power-assisted cart 10 according to Embodiment 1
15 decelerates based on the moving speed K(t) when the user, pulling
the handlebar 11 in the direction of the arrow A, suddenly pushes the
handlebar 11 in the direction of the arrow B. Hence, even though
the user suddenly pushes back the handlebar 11 while pulling the
handlebar 11, the motor 14 will not reverse., Thus, even though the
20 user suddenly pushes back the handiebar 11 while pulling the
handlebar 11, the power-assisted cart 10 will not lose its stability.
[0035]
Next, suppose the case where the power-assisted cart 10 is
moving backward (the case where the power-assisted cart 10 is
25 moving in the direction of the arrow B). When the operating force
detecting unit 13 detects a positive operating force S(t) while the
power-assisted cart 10 is moving backward, the target speed
generating unit 16 generates a target Speed M(t) which is slower
than the moving speed K(t) detected by the speed sensor 15. When
30 the operating force detecting unit 13 detects a negative operating
force S(t) while the power-assisted cart 10 is moving backward, the
target speed generating unit 16 generates a target speed M(t) which
is faster than the moving speed K(t) detected by the speed sensor 15.
It is noted that the operating force S(t) is a positive value when the
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power-assisted cart 10 is walking forward and pushing the handlebar 11 in the direction of the arrow B.
Here, the target speed M(t) of the power-assisted cart 10 is set slower than the moving speed K(t) of
the power-assisted cart 10. The motor 14 is controlled to gradually decrease the moving speed K(t) so
that he mdvinycHpdet Kit) approachescthiotanget éphaohv (Hh 0038 Lidemice ars Eivlpodimerthe even
though the jh dg r 1l is,5. moved j o] ite%ir {l f\% oving-direction of the.
power-assgs{t%!31 éggr)tﬁl(%}thzhgss%srtﬁ%mgo er iZPrﬁo s% 8%%@%§M Eg%n%%dgoéten(%peacﬁc\fneof the
moving direstion. insteadfthe dssistiebEowélpisvisenvia dhd avoiving wirdfatiom grheéuaydeeieases.

Hence, th%%?{i%q.p @? {H%p&)ylygr-cﬁﬁri?tﬁflegﬁe%#gﬁ&p@' g to 10 Embodiment 1 just like a manual

transportation cart especially when he or s 0 suddenly reverse the moving direction of the
poweb-assi$t€d &drt 10. [0034] Here, the power-assisted cart 10 according to Embodiment 1 15

decelerates base t@g m\%\ﬂréqjspﬁ%ql VE'}F&W% (51 ertﬂ‘é”ﬁh\ﬂ% p_aé'vgjé(?ggé &1d'g ltpelc{Zection of

the arrow A, suddenly pushes the handlebar 11 in the iréction of the arro nce, even though the
user sudd@slgQusHES back e pantesHr 11l irpahaieandepird 15 piee thdfdit 14 wait not

reverse. Tm&% egewgqﬂggith@rgg HBB@'?HQQ%‘IV hes g:ghég?o%%ﬁf)ar%wni&pulggwhe

handlebar 11, the power-assisted cart 10 will not lose its s ility éxt, suppose the case
where the pBRERESsisted oM/ €0 18 AFdGiRfbackitartascabelehdre the @owerassisiedcart 10 is

25 rﬂ@vingrwatﬁg Qir%FQ%gB%ﬁfb‘?W(@rWhen the operating force detecting unit 13 detects a

positive operatln?q force S(t) while the power-assisted cart 10 is moving backward, the target speed
generatind G888 generates a target speed M(t) which is slower

It is noted that the power-assisted cart 10 according fto
Embodiment 1 is supported by the wheel 18 and the sub wheel 19.
Hence, the power-assisted cart 10 can be moved alone without

15 coupling with a trailer.
[0038]

FIG. 2 shows a perspective view of the power-assisted cart 10
coupled with a trailer 21. A trailer wheel 213 is attached to the
lower side of the trailer 21. The trailer 21 does not inciude any

20 driving units to rotate the trailer wheel 21a. 1In order to move the
| trailer 21, the user couples the trailer 21 to the power-assisted cart
10, and moves the trailer 21 by the power of the power-assisted cart
10. Justlike a manual transportation cart, the user pulls and pushes
the handlebar 11 of the power-assisted cart 10 according to
25 Embodiment 1 to use the assisting power of the power-assisted cart
10.
[0039]

Described next is how to generate the target speed M(t) with

reference to a flowchart. FIG. 3 depicts a flowchart showing how to
30 generate the target speed M(t) of the target speed generating unit

16.

[0040]

First, the target speed generating unit 16 obtains the moving
speed K{(t) of the power-assisted cart 10 through the speed sensor 15
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than the moving speed K(t) detected by the speed sensor 15. When 30 the operating force ‘detecting
unit 13 detects a negative operating force S(t) while the power-assisted cart 10 is moving backward,
the target speed generating unit 16 generates a target speed M(t) which is faster than the moving
speed K(t)(G&Heptesity)the Speat, semsotdiy dtispeted thatrtheperqting forté S@)tsiapasidve value
when the handlepar 11 is mo, farward from the neutral position, (jn the, direction of the arrow A).
The operaﬁr?ge{oar@i‘g(tqgcae n%% i Paif&éjowgéegﬁﬁe a”n%%t?a? rlnll(}ls /o e%eggc%ﬁgr %o%h %he
neutral posipeT&titie doectordefthetanpwiB)itS[DB3GE te pHEIER) whdm By SCRwerd ethe
power-assjste 0according {o odiment.1 can change.the moving speed just like a
manual traélég%ég[lﬁl)% éﬁ%%‘g]@ qh%m@,ghréguss@\ggnvc%pl)g%% 'the gh\?v'ér%é%%%s?éag échj[ 10 inf he or
she were wgingra tloendrauad teamapotthtiorocees [03¥hrd (ithsenbeddhabthe pdwierjassisted,cart 10

according (o, Embodi is Brlels! te the whe ng.the 19, Hence, th
power-ass@gdrqaimsc?g]néée&r{nove%rj’a%h%)wﬁho t %%ﬁplg]hggwﬁr%%E?ﬁa%ﬁgér[o%)?ﬂ% atF ?2 shows
a perspectiveuliea opthel power{dssistéhcattadasouplbdditas traier alovetjailemvehegl D1 aais
attached t ' the.trai i il does,not j d y Vi njts to rotate
the trailer &v%?e# gﬁr’ﬁf@%r?ﬁ’ m%\{ﬁﬁlevt&r_gﬁé}rgglgtﬁé uger% ou\trglﬂgt § @gilgﬁ%ﬁdd tt:)é '&%\P 1
power-assisted @arbaa kand roleis @éhb aratleeba byl thd pavuetioeehe power-assisted cart 10. Just like
a marual t tation cart, the user pulls and pushes the handlebar 11 of the power-assisted cart 10
accc?:g}lng @r@ e

Then, using the above Expression 1, the target speed

generating unit 16 multiplies the operating force S{t) by the
power-assist coefficient A, and obtains the power-assisted speed I(t)
for increasing and decreasing the moving speed K(t) of the
15 power-assisted cart 10 (Step S03). In Step 503, the power-assisted
speed I(t) is (i) a positive value (in other words, I(t) > 0) when the
handiebar 11 moves forward, (ii) 0 (in other words, I{t) = 0) when
the handlebar 11 is at the neutral position, and (iii) a negative value
(in other words, I(t) < 0) when the handiebar 11 moves backward.
20 [0042]

Then, using the above Expression 2, the target speed
generating unit 16 adds the power-assisted speed I(t) to the moving
speed K(t) to obtain the target speed M(t) (Step S04). 1In Step S04,
the target speed M(t) is faster than the moving speed K(t) (in other

25 words, the power-assisted cart 10 accelerates) when the handlebar
11 moves forward and the power-assisted speed I{t) is a positive
value. The target speed M(t) is equal to the moving speed K(t),
when the handlebar 11 is at the neutral position and the
power-assisted speed I(t) is 0. The target speed M(t) is slower then

30 the moving speed K(t) (in other words, the power-assisted cart 10
decelerates), when the handlebar 11 moves backwards and the
power-assisted speed I(t) is a negative value.

[0043]

Hence, in calculating the target speed M(t), acceleration or
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25 Embodiment 1 to use the assisting power of the power-assisted cart 10. [0039] Described next -
is how to generate the target speed M(t) with reference to a flowchart. FIG. 3 depicts a flowchart
showing how to 30 generate the target speed M(t) of the target speed generating unit 16. [0040]
First, the talget$peat tganiesratim;jenﬁa 4 6obEng thehmopimy epead K@) ofitlsp pedel {a3sisied cart 10

th h th t 16 abt t
operating 1S EBE0) LORTL 1D RNty T e dOl A0y B SH g erct BBThRY unie 12
(Step S02).He StapderR, sI;Imaep‘IerHt(rtg fartsoS (th © @iyl @ poditeeaabe (@ other maads|rg{t) the) when
the handl th I I t t) = 0) when th
h;ndgz)a(raq%ls at els“?n(:?e%(f;j \gﬂ:@ (ltlo g’ﬁgr%\l%b ﬁ? %qége)g%%t% n%(%vlpej)gga\g%n|ﬁé%}%gatl\§)ev%/a?3e (|?1
other wordd) S @ ﬁe@)tmmm_ma:rhdlebau 1% Imeoves baskie dh@imedhahaiedat 11hs praeﬂaédo r.0[0041]
Then, using;ihe-ahaye F Iigs.'ﬂ%kotg é%g%tosé’geﬂcg?”?é"i‘}&% nit 16 gl §I§O p"’cI‘F‘é'”g force

S(t) by the power-assist coetfficient obtains the power-assis ed speed I r incréasing and
decreasinpe &ov ﬁg@ﬂﬁéédqa(ﬂ dfthd a8 powdEriassistesl shatlio ($IepI$08) nets@disasithe

power-assisied eneed ()3 ) A SHYR ALieLalicr ey o ()5 whep g handebptl moves

forward, (ii) O (in other wo = 0) when 1'is at the neutral posifion
negative vélu@gmfn@fvvamnm&ro;ﬂvwwghaﬁa%barlmsnwb@mﬁmdmomeweazi}he Then,

usingdhe Mpe 2, arggt n uni S te eed I(t)
to thgedmovmg spgﬁgla%@obgagﬁt:hfgr?ﬁﬁgggj f/lfg)w(gsgtep gjce)%li%%?l S%:eﬁpé}é)(\g@»ﬁ t agrggfé)peed

M(t) is faste® tRaHthedti@aRY Speéd RE) MPstHerlZh REtEES Bfe pdvrePaRted 8ait 1echeadibrates)

when the hmd(ﬁ;@g Homeyes f&rgvgi%gnﬁt e power-assisted speed I(t) is a positive value. The target
speed M(t) is equal to the moving speed K(t), ‘when the handlebar 11 is at the neutral position and the

power- ass[é?&ﬂ%]eed I(t) is 0. The target speed M(t) is slower then 30 the moving speed K(t) (in other

words, the power- WQH@%&@&@@%‘E@@%M@P&%B%‘HI%%%%WB%%@@‘@I‘?&F@@@ the

power-assisted sPeed I(t) IS a negative value. [0043] Hence, in calculating the target speed M(t),
accdleratid@pget speed M(t 0 the motor c:ontroI unit 17 (Step S ?

[0045]

Hence, the target speed generating unit 16 repeats Step S01
through Step S05 to generate the target speed M(t) based on the
operating force S(t) applied to the handlebar 11 and the moving

20 speed K(t). Then, the target speed generating unit 16 transmits the
generated target speed M(t).
[0046]

Next, the motor control unit 17 receives the target speed M(t)

transmitted from the target speed generating unit 16. Then, the

25 motor control unit 17 controls the motor 14 so that the moving speed
K(t) of the power-assisted cart 10 approaches the target speed M(t).
[0047]

In the case where the user moves the handlebar 11 forward (in

the direction of the arrow A) when the power-assisted cart 10 is
30 moving forward (in the direction of the arrow A), the target speed
M(t) is generated to be faster than the moving speed K(t). Since the
motor 14 is controlled to generate the target speed M(t) to be faster
than the moving speed K(t), the power-assisted cart 10 gradually
accelerates. In the case where the user moves the handlebar 11
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- deceleration is made as much as the power-assisted speed I(t) with respect to the moving speed K(t).
It is noted that the calculation of the target speed M(t) also includes the case of maintaining the moving
speed K(t). Thus, even though the user suddenly reverses 5 the direction in which he or she moves
the handlebarckiy #veirétatibhalicictat iofithefntbter 4drdee Bjotwkesrseh € psaguerthsithie d

power-assj t 10 does. nat lose jts stability. It is nqted. that.i case where the movipg speed
K(t) is cIos%S"%%?Oilﬁésro& |3§|jln e%ﬁ%go'% hé% ir-ﬁ%tg% fgfegar% ?gv%%lsquﬁ)sh%ipae rc]aesré:",t{]]-(f"ow Q/eg,%the 10
power-assigted esqrt 8 mlhinesrspsn ¢ empeee dvé tthoud tiee rotetion aliiectioh of denhadetisd

reverses, r-assi e its stability. t speed
generating unﬁgl\%%sregr%sﬁtﬁg ggrﬁtgjregﬁggj J%?ﬁéiﬁp@e%%%&%ﬁpﬁ ﬁ]]% or{'E @gn[rlol%%}?]?tglg éaége% 505).
[0045%  KH{&ncdhbepamyet spesisfedeciiriy Ligie tipetly Sepeb@bt@dugh Step SO5 to
generate t%@{ t speed M(t) based on the operating force S(t) applied to the handlebar 11 and the

moving 20 speed K(t). Then, the target speed generating unit 16 transmits the generated target speed
M(t). [0046] NéRt aig iiriotor toriing Gais & W bedieddhaisaganspeed NG ranshhittealrfioin the

larget spegg Rasiaila UHcleTbendhicds \me' su oML hE FoslEIsiG PLacLiapat e

moving speed K “the power-assisted cart 10 approaches ‘the target speed N e case
where the G8&E méVds thedaindle b akiWarighrti (inthe diié&ision tied drifsy AjremerBthe the

et e e e e e e e
target spedd K ¢t) t& becRdtee motor 14 is controlled to generate the target speed
M(t) to be slower than the moving speed K(t), the power-assisted
cart 10 gradually decelerates. Inthe case where the user moves the
handlebar 11 backward (in the direction of the arrow B) when the
15 power-assisted cart 10 is moving backward, the target speed M(t) is
generated to be faster than the moving speed K(t). Since the motor
14 is controlled to generate the target speed M(t) to be faster than
the moving speed K({t), the power-assisted cart 10 gradually
accelerates.
20 [0049]

It is noted that when the handlebar 11 is at the neutral
position and the operating force is 0 (S(t) = 0), the target speed M%)
is equal to the moving speed K(t). In other words, the motor 14 is
controlled not to decelerate by itself and to maintain the moving

25 speed K(t).
[0050]

Hence, in Embodiment 1, the power-assisted cart 10 can
increase or decrease its moving speed K(t) based on the operating
force S(t) applied to the handiebar 11. Thus, the user can operate

30 the power-assisted cart 10 as if he or she were using a manual
transportation cart. Moreover, the power-assisted cart 10 according
to Embodiment 1 is free from the loss of its stability caused by the
reverse of the motor 14, even though the user suddenly moves the
handlebar 11 in the opposite direction.
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than the moving speed K(t), the power-assisted cart 10 gradually accelerates. In the case where the
user moves the handlebar 11 backward (in the direction of the arrow B) when the power-assisted cart
10 is moving forward, the target speed M(t) is generated to be slower than the moving speed K(t).
Since the @ 14 is controlled to generate the target speed M(t) to be slower than the moving speed

5K(t), the power-assisted cart 10 gradually decelerates. [0048 In addition, in_the case where the
et moves the MBS AL TUAARP R e L5, St RANGE 25 S Eh S ARG ALt cart 10
is moving backwarddin die ditectidneof teesarrowH®) rihe titarged shegd Wilteistgeneratedtiade slower
than the movin speed.Kg%. inc:ei_jthr(ie otor 14 i@ controlled.to gergfer e the targeé@oeeg Méct%to be
slower thaff Eﬁﬁﬂg d?@lr),t pOEi]Nré _abdi5tet' Eaht B%ré)u yede%Bl%gt ' tRETse
wherethe gpgriipaves the dandebbedd hadkveard (hehealiveetionnd the arcas 8)wihendheh 5
power-assisted cart 10 is r‘govin%lpe%%kward the _taégfet geed M t)ﬁ%gen%[ ted (t]%'\%ef ster th]an the
moving spggra\fdﬁ)g NCeSHE thétor fisogovﬁﬁgllg 655 ﬁer%l% h a?gré 3&% ' (?)Ct 1D fA5ter than
the movind speep &(@tithg fones-asgidied! dart ttegremiudllg lasceldraes. @0 ki, Ik ishoted that
when the handlebay 11 is at the neutral position.and the operating force is Q. =0), rget
Speed M(t)classe%u\évl 5 the nbéevir?&%s\é’e%egoléﬁﬁﬁtz%%rqv%oréﬁégpﬁ%otgsﬂa&%%irg%(?ad& rr}wilﬁ %og
deceleratedyyétseti mgd to- oegiritaiv eheemdving L258pésdiK ) y[005@e ! urHerod ointBimlsodiitbnt 1, the

powersassijsted 0 can jparease or ease, its.may, d basgd ating force
S(t) gzto)plie %tf?ﬁ]&a%ﬁdlet?grg f‘lg hu@ %‘%ﬁ? éseé%cgﬁeorpp%%?é%%eﬁ]e%&vearfaﬁss%?e&? %ﬁr@ﬁ% z:l{skgif he or
she were Usmdp adhemeiaktranspontatioe caats Msteoosffitd @otyethssisted waad Ovabeasrdingeto

the User SULT e R Rebe A e ot R v sy Bl hgsfes v
descriptionTtay folisimpddye Haresaibjeotge th&vameacdromion: %S tsisccwhéfectieg nolseg direction
of the powgrasSISIRd CATbIAR e drgstian the ORATAIBY &S the operating force
15 are the same. Hence, when the moving direction and the direction
of the operating force are opposite, the power-assisted cart 10 may
improve its reactivity by setting the power-assist coefficient, that is
used when the moving direction and the direction of the operating
force are opposite, larger than the power-assist coefficient that is
20 used when the moving direction and the direction of the operating
force are the same.
[0052]
Embodiment 2
FIG. 4 shows a block diagram of a power-assisted cart 20
25 according to Embodiment 2 of the present invention. The
power-assisted cart 20 according to Embodiment 2 differs from the
power-assisted cart 10 according to Embodiment 1 in that the
power-assisted cart 20 has a control unit 42 instead of the control
unit 41.The control unit 42 inciudes a target speed generating unit 26
30 and the motor control unit 17.The target speed generating unit 26
according to Embodiment 2 includes a power-assist reducing unit 27,
an insensible region generating unit 28, and an acceleration and
deceleration limiting unit 29.The power-assist reducing unit 27
reduces the moving speed K(t) of the power-assisted cart 20 slower
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5 applied to the handlebar 11 are the same; and the case where the moving direction of the
power-assisted cart 10 and the direction of the operating force applied to the handlebar 11 are
opposite. In the case where the moving direction is opposite the direction of the operating force,
however, ttiearseris lileajy ol febd uridmnfovealllengithsitethd cade. Hencel 9@ thepowanasdibted cart 10

according ;}081@8?9%?%'&91(:1 RV RppatLogficle atﬁg\biée%i?e%éﬁ;%? cMpvine iR and the

direction of the operafing force are Gpposite, may prefera er than a power-assi
coefficienttiedwieanhessising diectichthdshe dvatkondishe epetatirycfosed 1D are dEhsame.

Hence, w S{Jgg@%ﬁgﬂ&%‘??@&% “ées%%?Fioékoéﬂ‘.%gBﬁé&Fﬁ?ga@écﬁvéfﬁi Qeelieor

power-ass may improve it§ reactivity y settin ower-assist coefficient, that is used
whenZhe foRingséirettomandaehidhdirgstione of alss spedting foréd afdrepposite Jdpder thgiane

he Musiipsiettonts s t_
force o 15 e 1005 e simen 2 LI o] Sk A BIOCk e o a Bowel 2ol art 20

25 accqrdih@@@@ﬁt&fdirhén?ﬁ of m@cmlsaﬁimvemiaﬁ. ﬂ%@é@%@ﬁstﬁ@ﬂ&fﬂm &uedrddg to
Embodiment2 diffecs from, thrpowseagsipeecapsti a@ﬁ%@@ﬂﬁf? SoRadiment 4 ipHkaidhee

power-assisted cart 20 has a control unit 42 instead of the control'unit 41.The control unit 42 includes
a target spE&¢ gerdrafifyg simt P 3D Il BB thdtt @8R TIrMASE e dagee 88N gaY Mliflg unit 26

accqrging {o,Eavpopiraens 2Rcluides a BPWSERSSISt Teslcing- it 24 81 iasnile spgiqn gaperating
unit 28, and an acceleration and deceleration Ilmltgg unit 29.The power-assist reducing unit 27

reduces thérmigUivg spEbR9toBRDIRErERRR IS iEet Possibdiet ethak 8e8qhH td & Widking

speed of the &isehNAYINGHER POWRTA%SistEE sarsdFElgraniBe ewalking speed of the user moving the
power assisted cart 20" is a walking speed to be set for each power-assisted cart 20, as well as an

appropriatémﬂg speed for 5 the user to move the power-assisted cart 20.The insensible region

generating unit 28§9‘i§r§’d§éy @lewarce:bafyyRerEPaF IS fOH'@)@/h@@d@B@rehl-Tlt‘@t?CC@fer@H@n and
deceleration limiting unjt 29é3revents a target speed M(t) from changing suddenly in the case where

therd & a RAWEI35% SlRdrARetBdLaches iR (R AteRRg VR KRB $aee b ah tigeHRE factor.

The accelggafiomand dagriaraten tiidinasuni 2Rdnysep & gensratiedriexareehspesd M @fso that
the power-assisted cart 20 can sa(f;}lry move. [0053] Suppose the case where the movin%;%ea?d K(t) of
t e

the 15 poWrErCadéRtE NG e BE Fch Pled e HRESTWANIAG sHREJRP B LSS IFIERLED

“fastest walidpg-speeH eisfist@axinETkVa e dhaedwalkingispetsisebiher HSeT reRwng diredewer
assisted cart 20, Hence, the fastest walking speed can be faster than the current walking speed of the
ser movilGAHE BEVRR LS R BE s TG VaD SRl PURSIN A S Pa5BEtlre B to the

handlgbar d:lealrendy:yhrking agsistingepawes hasfpiaderbadteteradiorhie the mavesassisied cart
B e SEr e o A et 20 e sandpanty e anhe
power-assisted cart 20. Thus, the moving speed K{(t) of the
power-assisted cart 20 can be significantly faster than the walking
speed of the user moving the power assisted cart 20. Consequently,
25 the user could be pulled or pushed by the power-assisted cart 20.
[0054]
First, the target speed generating unit 26 according to
Embodiment 2 obtains the target speed M(t) by adding the
power-assisted speed I(t) to the moving speed K(t). Itis noted that
30 the power-assisted speed I(t) is obtained by multiplying an operating
force S(t) detected by the operating force detecting unit 13 by a
power-assist coefficient A. The moving speed K(t) is detected by
the speed sensor 15. Here, in the case where the moving speed K(t)
is faster than a power-assist deceleration constant GS (speed
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25 the user could be pulled or pushed by the power-assisted cart 20. [0054] First, the target speed
generating unit 26 according to Embodiment 2 obtains the target speed M(t) by adding the
power-assisted speed I(t) to the moving speed K(t). It is noted that 30 the power-assisted speed I(t) is

obtained hyefrerdtiplyiagvar wpgrating faace &ty petediegidnyethetopgrating f@Gendetégtibgsubitd 3 by a
power-assjst coefficient A, The movj eed K(t) is cte th sensor 15 re, in the
case wherB (%r\iiéer%%ﬁ% S'stpeededg lé(%elgp fqamr%?anéaﬁp%g\v%‘ié%g%?%ec%%e@%r? ﬁoﬂ%aent%ie)(gﬁﬁeed
reference vdlbe)nthé eatgatepbapgatldttiy. unit 26 multiples the power-assisted speed I(t) by a
power-assﬁé tion rate G(t) to obtain the target speed M(t). [0055] 5It is noted that the
power-assist deceleration constant GS is used to select, based on an operating force applied to the

handlebar 11, an dxpressiobedr ﬁamlﬁﬁﬁgmmmisted spederabi dratgmnstatiun Gexsessive
assisting RoWE] I8 Eeéfﬁéﬁgg H’Q%ﬂ;gg ﬁo%ﬁﬂsﬁlﬁﬁéﬁﬂ gar' 6.?9@%@@?1 EO%”%%"?H 85k, Hq %(%"Eé‘?f'ass'“

10 deceleration constant Isa alue to determine w er the power-assis Ee cart 20 is
moving fast br siow ER pEREIRIS dadeldhatitigcentawes Bssdsiateapessivesaséidadd cart 20.

[0056] Th WeF-assi n [t t t gene ati it 26, the
power-assé;%gdé%éﬂgﬁagfoﬁagété%g%%o%igngé%%lg gar?f%ﬁﬁ%@ ailﬁs iﬁgfggse int el\r&%\%ﬁg %‘,%gted K(t) of
the powerR@¥WRERGH I diskarthedtesidudsibetiponevassiasbduclidrerapo@@y -Resist

powgtyassint Eereieialan EBTREIRB RS 9! sTiantustRyar VA e kg Rees ol Hepr moving

the power-assisted cart 20 is moving fast or slow, The power-assist
deceleration constant GS is set for each power-assisted cart 20.
[0056]
Thanks to the power-assist reducing unit 27 in the target

15 speed generating unit 26, the power-assisted cart 20 according to
Embodiment 2 can reduce an increase in the moving speed K(t) of the
power-assisted cart 20, using the after-described power-assist
reduction rate G(t). The power-assist deceleration constant GS is
set slightly slower than the walking speed of the user moving the

20 power assisted cart 20, so that, when the moving speed K(t) of the
power-assisted cart 20 approaches the walking speed of the user
moving the power assisted cart 20, the moving speed K(t) is
controlled to gradually increase even though the operating force S(t)
is large.

25 [0057]

Furthermore, the user usually holds the handlebar 11 when he
or she is moving the power-assisted cart 20.Hence, in order to
prevent excessively sensitive detection of a force applied to the
handlebar 11, the handiebar 11 has to have a play (allowance

30 between parts).Here, the play for the handlebar 11 is a space to
provide an allowance of an operating area in which a slight move of
the handlebar 11 does not cause any reactions. Instead of providing
a play to the handlebar 11, the power-assisted cart 20 according to
Embodiment 2 has an insensible region threshold value F generated
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"20 power assisted cart 20, so that, when the moving speed K(t) of the power-assisted cart 20
approaches the walking speed of the user moving the power assisted cart 20, the moving speed K(t) is
controlled to gradually increase even though the operating force S(t) is large. 25 [0057] Furthermore,
the user usnalthbolds tdreshibiellebari 4 & wirerelna inshe isim@8npl the pawerrassisted eartditeHence,

in order to,prevent excessively sensitive detection of a farce applied.ta the handlebar 11, the
handlebar%gh%bt%oﬁge\t/ a"&)&_\*/ aﬁiv@n%eo:ﬁ)elgg&%gn%)a'}%{gei , the Efg\fqg? thh%ﬂd%b%r llisa
space to pingien sib_laﬂlmwgmoa d:frmesb@r’g:timga Eweafin mcﬁaglms pmadhcgem hatﬁdigbtaralﬂ dtozeos
not cause cti e 0 a . e power-assisted car
according ?o%)é %ﬁéﬁgﬁgﬁa@g %sgrbié%‘g ’rggly%r% %fﬁ?e%“ﬁ% vﬁ;ﬁ)uge{E é]r&éngﬁ%?ggetbQthqEggnsible
regiors genetatingunt 28 Hotd) ér the cede witbre the adeblutpeside ofehe optiragngifoice 3%t) is
smaller th i ible reqi h t rating unit 26 generates a
taroet spods dElarem iy e L ssce d LY FEREP SREe I Sy
generatingt hRitrR6 gemaiake oth hodieerm radiy fepesd tthe harg glespedtteve hithowyhgheo f

magnitude qf th i{&o&r ing for cfﬁﬂg%sl? ithin range of the insensj egion threshold value
F.ltis noteéﬁt a?[t e ir%ggr?éblggr%%%}fnt res o\gstglugﬁal@ a spl'ight?c‘?rcqegw?;?ékrzg %h(ﬁe qi%%{pegéﬁt?ng force
S(t) is 0 oriolBee skl &n FaHediméhr2sinelhsariivle régidd gensiaghy ufitrzegerbeitestive
insengitive{ggi S helg-value ig,thg in iplesregign thre v h
inseggitivqugifo%}]tac S zfg g%;yg(gé)wﬁgg bgtlije'?grl&\S %%rtg)sfore th%%a%%??t?a@ﬁf&ﬁi%a%@g prevents
the powerlassesibdgrt €500 ftdiE MarRBiDRing ldd8 1@ an exaéssivaly Bepeiist reactiogi{on58]

whose threshold value is the insensible region threshold value F.
Such an insensitive region acts as a play (allowance between parts)
for the handlebar 11. This feature prevents the power-assisted cart

15 20 from malfunctioning due to an excessively sensitive reaction.
[0058]

Moreover, the target speed generating unit 26 causes the
acceleration and deceleration limiting unit 29 to limit the target
speed M(t) calculated based on the operating force S(t) and the

20  moving speed K(t). Specifically, in the case where the target speed
M(t) suddenly becomes faster than a previous target speed M(t - 1)
which was previously calculated by an acceleration and deceleration
limitation speed KG or faster, the acceleration and deceleration
limiting unit 29 sets the sum of the previous target speed M(t - 1) and

25 the acceleration and deceleration limitation speed KG for the target
speed M(t) to be sent to the motor control unit 17. In the case
where the target speed M(t) suddenly becomes siower than the
previous target speed M(t - 1) by the acceleration and deceleration
limitation speed KG or slower, the acceleration and deceleration

30 limiting unit 29 sets a value, obtained by subtracting the acceleration
and deceleration limitation speed KG from the target speed M(t), for
the target speed M(t) to be sent to the motor control unit 17. 1Itis
noted that the acceleration and deceleration limitation speed KG is a
predetermined one.
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Moreover, the target speed generating unit 26 causes the acceleration and deceleration limiting unit 29
to limit the target speed M(t) calculated based on the operating force S(t) and the 20 moving speed
K(t). Specifically, in the case where the target speed M(t) suddenly becomes faster than a previous
target spe€8 ®&KO-]11) which was previously calculated by an acceleration and deceleration limitation

speed KG or faster, the acceleration. and deceleration limiting, unit, 29 sefs the sum of. the previous
target speed M(t - "3 gﬁg §§ Jﬁ'nee\}é’%c%?eeéﬁc;%n %%deéﬁge%géﬁ% #n%étﬁ néigggd%1 otretﬁegt%?éet speed
M(t) to be 2éht tehp ematdtyoainal usitddeinlthel nase adese the Begatespees Mtesudterflg bhecomes

| h . ) : L VIS q
K o sionr e e o D TR e B o g e
subtr&ctind @lad aceelegatiopravk ddceletiga #mitHtionesired G dmnneds eariet Bpeedam@itfor the

target spe t t 3 t BA7. LI eq.t C i
decelerati(%% %@aﬁﬁ]ﬁgﬁ%g %g‘?s%%%g@er%igg éﬁéé[gﬁs%ﬁ %Qﬁé\%gfaggv%@?ﬁg rr-rgoving
speed of tRDpavadt-asudtehcart 20 $&€aRovariy aringideraigthcred§essor rietashseRafue toe for

example, ) RRIPALBFIOL NiEN FSAOARAYBN2 iPafll RbaKe Bleakiee Fansreyania syiden

increase or decrease in the target speed of the power-assisted cart 2% so that the power-assisted cart
20 can maftdRradradyvelingspdeare idhotedsthat®e astelerkonzmiBdeteigiafss iitation

5peabKG i ielis g ISiFIR IS ele (A dderandemRpEy. increase or 10 decrease in

moving speed due to an externa [0060] Described next is how the target speed generating
unit 26, indIB@A§the power-assist reducing unit 27, the insensible region generating unit 28, and the

acceleration and dgealerafieny imiting 1SURK &9 cAeNeEAlge Ehe fargst ?‘@%QM%&’Q@% 26FIGS. 5
and 6 depict flowcharts showing how to generate the target speed Mg FIGS. 5 and 6 show how the

target spe&aMitl is geHeratt® WRENGHEE-dSHISINGUIT ¥s Abvik ohRSRN siGoZgioNFirst, the

tg(f)%est speganeraing uniZeebtainae ey i%&é@?@fdalﬁi@ﬁh'é%‘éhd'é%é@@?é’t?@ﬂ“i’?rﬁ&@gep 521).
1% unit 29, generates the target speed M(t).

[0061]

FIGS. 5 and 6 depict flowcharts showing how to generate the
target speed M(t). FIGS. 5 and 6 show how the target speed M(t) is
generated when power-assisted cart 20 is moving forward.

20 [0062]
First, the target speed generating unit 26 obtains a moving
speed K(t) through the speed sensor 15 (Step S521).
[0063]
Next, the target speed generating unit 26 obtains through the
25 operating force detecting unit 13 an operating force S(t) to which the
user has applied to the handlebar 11 (Step 522).
[0064]
Then, the operating force detecting unit 13 determines
whether or not the absolute value of the operating force S(t) is
30 greater than or equal to the insensible region threshold value F, so
that the operating force detecting unit 13 avoids detecting a slight
force appliéd to the handlebar 11 and thereby causing excessive
reaction of the power-assisted cart 20 (Step $23). In the case
where the absolute value is greater than or equal to the insensible
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Next, the target speed generating unit 26 obtains through the 250perating force detecting unit 13 an
operating force S(t) to which the user has applied to the handlebar 11 (Step 522). [0064] Then, the
operating force detecting unit 13 determines whether or not the absolute value of the operating force
S(t) is 30 gregierrtharhoeehadtito tre inserfsibigsegon e dshoMaslye Heo tteatdlad opgratialy force

detecting unit ids d ing. a.slight fqr lied t handlebar 11.and ther ausing
excessive eéa@%%\éc?# tﬁeuﬁg%wcgga%qﬁz%gg %grlﬁgcﬁ@é%%%ﬁ%%%d gé?e%%@ﬁtm"a%@itg%\alue is
greater thapoveguah ssthe TsefiSible négioh thesitoicoda st Fof tapt S231 ek ) i mr§etdpeed

generating; unit. 26 ing t W Si ¢ = ( r-assist.cogfficient) +
power-asglIsE[ oféet%%ﬁ%?(gﬁej%gsz . tisﬁ\% e fk%c%g%gpovgvé%;és@sis% fsgt’va ub,? gvﬁhicﬁﬁs ;a 5
predebermipeeideles s aadnssEnicpr asaigting sha tafo o pasfstat isgidihng poarr iHerak firanks to
the power-assi e th a il Ssisti n erated
when the a?séslgs%r%ﬁ O\évé?!{séq;:jen?eﬁr%ﬁé b? the p%%vsgrgg@sélh té%jtp\(%ﬁ ?5%[%%% Qk?a% Ejlin-:‘g’pt(?v{\elé(;r-assist
offset valub §motalv@ashcsssase 1ijetebpe asmshingheromwe mbaagspead &) esatkes the

walking spﬁﬁpeq{ %U&gg{gﬂ\ﬂ%gﬁla & &éﬂ Pé’t%‘?:ftf%(?’ Ehee te’w%ﬁ’g%ﬁféﬁ%%zpished

determines whether or not boththe tollowingTonditions are met to prevent

by the 15 Hoifenassidtél @bt Priw @b aahstiofide &ty & aeosiihal 2w isdthe @36dny. speed
K() i%gree[tgbtggr] or equal to the power-assist deceleration constant GS (Step S25). [0066] In the
case where the operating force S(% is a positive value 20 and the moving speed K(t) is greater than or
equal to the powerld¥8st dedemRrEfenEsHstas: BBeEstel ($257aash aretiary i ad gareesting unit

26 obtainsgr poer@ssist FRgyeHen (Rte POV ErL as5(BraGSt X mowey-asaiat eirtionsgrefficient) to
be used for reducing a power-assisted speed I(t) (Step 526). It is noted that 25 the power-assist

reduction rARNG(R AR d® B F BEPSS26MNISSA S(1)as shflildp @an §heqlial evwingoe7)

In the casq-WhHerRiHE LRABIAISEres Hhds amneqqiive \alve phihe B thy sfRaller than
or equal to the power-assist 30 deceleration constant GS in Step 525 §Step 25: No), the target speed

gendratingR Y 26" @&eiftRd sGRAE tRE polWer- LRRIFEHL LI FRe ) itS1 3PS HIYE value
and the moving speed K(t) is greater than or equal to the
power-assist deceleration constant GS (Step 525).
[0066]
In the case where the operating force S(t) is a positive value
20 and the moving speed K(t) is greater than or equal to the
power-assist deceleration constant GS (Step S25: Yes), the target
speed generating unit 26 obtains a power-assist reduction rate G(t)
(=1~ (K(t) - GS) x power-assist reduction coefficient) to be used for
reducing a power-assisted speed I(t) (Step $26). It is noted that
25 the power-assist reduction rate G(t) is calculated to be 0 in Step 526
when G(t) is smaller than or equal to 0.
[0067]
In the case where the operating force S(t) is a negative value
or the moving speed K(t) is smaller than or equal to the power-assist
30 deceleration constant GS in Step S25 (Step S25: No), the target
speed generating unit 26 determines that the power-assist reduction
rate G{t) is 1 {(Step S27).
[0068]
After obtaining the power-assist reduction rate G(t) in Step
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[0068] After obtaining the power-assist reduction rate G(t) in Step 526 or Step S27, the target speed
generating unit 26 obtains the target speed M(t) ( = K(t) + I(t) x G(t)) (Step 528). It is noted that when
power-assist reduction rate G(t) is 1 in Step S27, this means that the power-assist reduction rate G(t)
is not multipE iorSteped SRR /(046 tardgethes pasiwhereghetopgralingt faée Sit)asraspbistive value
and the mqQvip d.K@).s,are tgrlgm or I E ower-assi tigfcel ation constant GS (Step
S25: Yes),(% t\éwggr’r?g\%ﬁge fé} s@é%jj &(f) 0 e-%o?\?/tiggg @g éﬁ% %2 e t ﬁh’g vr\}glk‘ian% E%%gd of the
user moving itleenppwer assisteis tare 4oLt iBmboelimaa( B) the taige Sipae S@ENe ttisg mvEs 26 limits
the accelealion phivepaper-assisiad caft A0 vien ausgrpulle fnehandipharti, 59 tagihe target
speed generating unit’26 avoids an excessive increasein e moving speecﬁ) &fl épem |cglly, when
the mbvindsspBed K(t) is greater than or equal to the power-assist deceleration constant GS, the target
speed genﬁ1 igg nit 26 sets the power-assist reduction rate G(t) for smaller than 1 to limit the

of th

acceleratio power-assisted cart 20. Hence, the target speed generating unit 26 20 avoids an
excessive increasd h then@drgwpeae Kifte [oprijating Herces SiovhsreF Bt tve actleleration

and deceleration Jinitin i d ine ther o di ce.het he tar peed
(0 that IS aaioU o i S e pet o2 pe T 1) (AR RevisSy
calculated ROY¥&Ated 354508 8GEHE T the hctersiBoN dnll déuiteratidd linYesipn Ype o KE Gtep

S29) 40073 Lladbeeaseyrhere %ﬂgﬁe—rsgg?s'gewveg%%twgo@@ %0 ?E%/'Wﬁ?'il‘i‘ﬁctj:ﬁ%@éﬁus

target speed M(t - 1) that was previously calculated is greater than or equal to the acceleration and

deceler_atidiflfiﬁiﬁaﬁtﬁﬁ§mm(§t@) Y ered); SHel g6 erRrAdA dNd keteRdatvanimating @it 29
g;termme%ah@télae S SHERE KBRS tGMROradY ARMiBYdqenly ineearad pifpcigasggdlue to,
power-assisted cart 20 when the user pulls the handlebar 11, so that
the target speed generating unit 26 avoids an excessive increase in
15 the moving speed K(t). Specifically, when the moving speed K(t) is
greater than or equal to the power-assist deceleration constant GS,
the target speed generating unit 26 sets the power-assist reduction
rate G(t) for smaller than 1 to limit the acceleration of the
power-assisted cart 20. Hence, the target speed generating unit 26
20 avoids an excessive increase in the moving speed K(t).
[0070]

Then, as shown in FIG. 6, the acceleration and deceleration
limiting unit 29 determines whether or not the difference between
the target speed M(t) that is calculated in Step S28 and the previous

25 targetspeed M(t - 1) that was previously calculated is greater than or
equal to the acceleration and deceleration limitation speed KG (Step
S29).

[0071]

In the case where the difference between the target speed

30 M(t) and the previous target speed M(t - 1) that was previously
calculated is greater than or equal to the acceleration and
deceleration limitation speed KG (Step $29: Yes), the acceleration
and deceleration limiting unit 29 determines that the moving speed
K(t) has temporarily and suddenly increased or decreased due to; for
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example, an external factor such as going over a bump. [0072] Then, in order to determine
whether the moving speed K(t) suddenly increased or decreased, the acceleration and deceleration 5
limiting unit 29 compares the magnitude of the target speed M(t) with that of the previous target speed
M(t - 1) to determpine whethetiemuiitie citierencenbeiversi e tvgetsasadi() and the previous
target spe %@I%al) is greater than or equal to the acceleration and deceleration limitation speed KG
(Step S30i 73] In the case where the target speed M(t) is faster than the previous target
speed M(t - 1) (Steph®30; Yiesyritietatgetisiiestrgereratngtingt 26vespiofanthedprgeti spged M(t) the

sum of the prevjous target speed M(t - 1) and_the accgleration and deceleratign 15limitation speed KG
Sren a1 A R G R SRR T R e T o S S brevious
targetSspeéiari{in d) (Stigp B30chin) ptheaargbtespeetgeéneceingfubit 2 6 easpis feptaegktMerd M(t)
the differen biai subtracting the eleratio deceleration limitation speed KG from
the previoﬁaﬁ&&é@@ﬁt&% #%Yééeup 5 58&) ? eed %e—n?EEQa%gteggg;eﬁeggﬁa%m%runit 26
sends to thiematbit bentififemie a7 ehbedweespbbe NVEt)gkdt s dedi (Esetnnd Step 584735 0 Step
S32 (Step In. Step, S29, | here iff t n target speed
M(t) and tr%ﬁgv%%%%gr%ep{l peeeé%l\jé g{)%t%}:a% E/vagfap\)?r‘e\g;ili)és %ggtgéﬁgﬁ%sg\/v%lé:eﬁ\%tﬂéqggﬁegeﬁa ion and
deceleratisies@imiationspesit (GQStep S2d: Kio), théaardeB&)eed generating unit 26 sends to the
motgicon 8'@'?@?7 the target speed M(t) obtained in Step S28. The motor control unit 17 controls the

motor 14 t0 makethe moving speed K(t) as fast as the target speed M(t). [0077]
' In the case where the target speed M(t) is faster than the

previous target speed M(t - 1) (Step S30: Yes), the target speed

generating unit 26 resets for the target speed M(t) the sum of the

previous target speed M(t - 1) and the acceleration and deceleration
15 limitation speed KG (Step S31).

[0074]

In the case where the target speed M(t) is slower than or equal
to the previous target speed M(t - 1) (Step S30: No), the target
speed generating unit 26 resets for target speed M(t) the difference

20 obtained by subtracting the acceleration and deceleration limitation
speed KG from the previous target speed M(t - 1) (Step 532).
[0075]

Then, the target speed generating unit 26 sends to the motor

control unit 17 the target speed M(t) that has been reset in Step S31
25 or Step $32 (Step S33).
[0076]

In Step 529, in the case where the difference between the
target speed M(t) and the previous target speed M(t - 1) that was
previously obtained is within the acceleration and deceleration

30 limitation speed KG (Step $S29: No), the target speed generating unit
26 sends to the motor control unit 17 the target speed M(t) obtained
in Step $28. The motor control unit 17 controls the motor 14 to
make the moving speed K(t) as fast as the target speed M(t).
[0077]
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It is noted that in the case where the absolute value of the operating force S(t) is smaller than the
insensible region threshold value F in Step 523 shown in FIG. 5 (Step 523: No), the flow proceeds to
Step S34 in FIG. 6. In Step S34, the target speed 5 generating unit 26 sets for the target speed M(t)

the difference obtditeid bystdradiiag an itisensibieragiondeagieratinp sonsiankiige B fevious
target speed M(t - 1) (Step 534). Hence, when the abso|ute value of the operating force S(t) i5 found in
arange sn‘?&i%\&ﬂqgﬁh‘é{)i&%@rﬁgi EL t'ég%ﬁ'ﬂﬁ@gh%f@vrbl eF,iwa%eta?dEEp@%ﬂ@ g ’é‘?é%\'@init 26
generates Vkeisanme tanges ispeed MEt) ségandiess ofth@ operatibigiorc@ 2 t). Mals, whikin flawpperation
range of the handlepar, 11 jn whic operating force S(t) is withip the smaller range, the target
speed gen%thﬁ%e it 58 n%ﬁ%m%g?e ﬁjrﬁ maoving eg&‘?&) it Ouﬁlé céRtéion 3P8&&kieration.
Such & 15 deateraantsjasia flag Galetande betveert pegis) faphe daMijebatié. PiFF8lence
Moreover, thanks to the calculation.of the target speed M(t), the power-assisted cart 20 is controlled,
asa manu%Pi%rgh%%gr%tYons E%) Egrtc |1:sI '%8 E)nggg‘dgual )S/’ ig}e’\(éelzj:-? EO\%hgﬁ" ﬁ%ﬁgﬁg?‘éﬁﬁlg ?&Qé?ga(ﬂ 5
applied théretm It sengiedvhatin tiagasespiesrd thiy tiffelendStteh 1S dbtaine by sehtradtiog the
insensible {ﬁglogté:gegcﬁlj%@tkggl@%n%@r%ré)r%ﬁee grﬁ%{llsg% c}g&e@g eqSM t- %)dsirhe%atp/aen the target
speed M(t) Is set Tor 0.”Such a feature preve sghe power-assi d 2art 20'ffof moving%gckward
when the gowatiassistaa ddre 20 sepsiHoo Telg i o n Tinae she tdryet! spe Ediden teatinetusiitedSisends

the target ' in St t lunit 17 i 0 r_.sending
ihe (et oL Tl B P e ot a1 Shh Ba8 e e i A B TeS: 26
calculates @@ aimeangBen targetf speed Mit) in Step S2Wild0S0LEAs dyseribtid aboye gaeatitget speed
generatin ' S r re : n =1,2,.3
generatesqgtLgt}étngg%gggg%%e&%ﬁgﬁa%u[ggﬁﬁg r}::se%%t)%algﬁg% t%ﬁtﬁ'e; Ratnd?ebsamrq ?T(%ﬂ:ld a
moving sp&et &&t). Fuethean®es, Sreaarcd epeaa@ Har@ratng unh 26 mclbdezthbhsowrrassist 5
reducing ugj ed ib gi gehera j i .and %z?%ocn 1 gand d ation
limiting uniﬁé%%,zl snct)gthgﬁﬁgatarlgéﬁpggd gen%r%ggﬁﬁéac%n%in%%?t e té‘rﬁg‘[ sp%é’cgﬁ\{/\(t for safer
moviriy offﬁ@gég@ra@ggs@ gaplay (allowance between parts) for the handlebar

11.
[0078]
Moreover, thanks to the calculation of the target speed M(t),
the power-assisted cart 20 is controlled, as a manual transportation
20 cart is so, to gradually decelerate when no operating force S(t) is
applied thereto. It is noted that in the case where the difference
that is obtained by subtracting the insensible region deceleration
constant from the previous target speed M(t - 1) is negative, the
target speed M(t) is set for 0. Such a feature prevents the
25 power-assisted cart 20 from moving backward when the
power-assisted cart 20 stops.
[0079]
Then, the target speed generating unit 26 sends the target
speed M(t) obtained in Step S34 to the motor control unit 17 in Step
30 533. After sending the target speed M(t) to the motor control unit
17 in Step S33, the target speed generating unit 26 calculates again
another target speed M(t) in Step S21.
[0080]
As described above, the target speed generating unit 26
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[0081] 10lt is noted that the power-assisted cart 20 has the power-assist reducing unit 27 included in
the target speed generating unit 26. Thus, when the moving speed K(t) of the power-assisted cart 20
becomes faster than a power-assist deceleration constant GS and approaches the walking speed of

the 15 userapedng Bieepavepdssisted: gartSZB4themeweryassist Teskicngd niti2# redaces the,
acceleration of the moving speed K(t), Instea he power-assist reducing unit 27, the target speed
eneratng ik 36 TR LR e & b RS LR R SR g il ShE SB e AP b
changing wptitiedases Repbwerddetiat-20iceafticemA when she diffadébye betwwatrearmoveg speed
K(t) and a tﬁr%eb%)ee% M%[g is %reat and decnreaseﬁ.gir\]/le é)werri-glssiqi‘%é:o% figient A vgh(_ag gge ifference
between tllie 0 é‘jg ee I%&) an%‘?fqé3 fgrget%pged (%) s dhhall Wiven'the rTPoQ/Y\r’lgrspeed (t) of the
poweBassistdd carg2Q apprdd¢higsahiengmiidni lspeed of the aser r28 imgving ith Bowaen dsklisted cart
20, the power-assist fficient changing. unit can. reduce the diff ce he n the maving speed
K(t) and thaegt%%%{ %rt)%cge% I\%g)HW|#|%CLJ$ |se<§l:[ﬁn!g(Ij or! 'erﬁéh %%erlg{grif ?%Ik?rgg g%%%d {(ﬁ?he ?Jg%gre?noving
the power ssistbd eare POt ienoe iin2te ath of gengowée ddsist eedairgpua 2y (heflooveafassist 30

coeﬁicientl%kb%r}?rlég.] éﬂﬁ@%@?ﬁgﬁ%ﬁc& g%% aciggﬁraéigp of the power-assisted cart 20. [0082]

Embodiment 3 lagram of a power-assisted cart 30 according to Embodiment 3
of the preddhd Bi/éntion. [0083] A comparison between the power-assisted cart 30 according to

Embgdiment 3 and,the powersassist rt c iNg.t -g{l%&pli shaws t
pow%qr’ilassisted ca(ittt 3((-;I~ %C\ffféeties g co?nftir%ﬁal ur??tg) 3 i?s‘%%o %%contro?ﬁiﬁl.ﬁ,? recl:%(;%‘\%tng;%‘rﬁt 34
included irPthie/ EonareS Bt 48aduesiveg infomitatidn of igightéstected By & wéighy €énsep8Rdf a

loading pl pled;to the cartymajn b : c unit endnciu 0 motor
control unia%}%r]rgr%lc g.ﬁt)grglgﬁ sitgegg genm%’rgé Sﬁl}tﬁ%?% T*ﬁ;'e ta?@teéqélpiaed eféjnéet?atilg Eén(ijt&?%ttlﬁc udes the
power-assi¥® Yea o &f IFIER7. TReH, défendifg @& foad@stedtedtby the Weidht WetssrBsthe target

speed 99”8&?65\%%?% HFAGES AP sRP ISl FRrHICGL & B S PANGRGSSIsh deceleratian
constant GS. 15 |[0084

15 user moving the power assisted cart 20, the power-assist reducing

unit 27 reduces the acceleration of the moving speed K(t). Instead

of the power-assist reducing unit 27, the target speed generating

unit 26 may include a power-assist coefficient changing unit. The

power-assist coefficient changing unit increases a power-assist

20 coefficient A when the difference between a moving speed K(t) and a

target speed M(t) is great, and decreases the power-assist

coefficient A when the difference between the moving speed K(t) and

the target speed M(t) is small. When the moving speed K(t) of the

power-assisted cart 20 approaches the walking speed of the user

25 moving the power assisted cart 20, the power-assist coefficient

changing unit can reduce the difference between the moving speed

K(t) and the target speed M(t) without setting, for each operator, a

walking speed of the user moving the power assisted cart 20. Hence,

instead of the power-assist reducing unit 27, the power-assist

30 coefficient changing unit can also reduce the acceleration of the
power-assisted cart 20.

[0082]
Embodiment 3
FIG. 7 shows a block diagram of a power-assisted cart 30
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For example, when a load placed on the loading platform 31 is heavy, the target speed generating unit
33 increases the power-assist coefficient A so that the power-assisted cart 30 can get quick
acceleration. However, as much as the load placed on the 20 loading platform 31 is heavier, the inertia

of the loading:-pladfiorgn 63 Preieastswdren e pawerassistadtcait/dhid@acelerated. This inertia can
make the in é:@ peed K(t) of the power-assisted cart 30 faster than the walking speed of the user
moving th g rrassisted cart 30. In order to slow down the moving speed K(t), the target 25 speed

generating unit 334eis thp poiwenaseisivereflitientpd higheawhiert adoaant 3 d ondhegilogdiog
platform 3 e v an s the power-assist deceleratlo nstan r a slower. speed.
Moreover#h ga?:lge spe%ed engraan\gc%r? t BRE gémpe?cgss%it coe ?r{fenq%% P@/he the load
on théloadﬁngtpbatfmmrﬁ:l 5 light) wisd setst 30hke powerrassst sieedlecatitn 80nstanttu@® foren faster
speed. [00 .above se s,all he power-assi t d ¢art 30,to rtm Vi ly, and
hyrol 106 £084e seibngsalpw e power Astifiad sart SOha siart maving ook

to reduce t ance o den Accaleration of the power assisted cart 30 e target
speed gemer.dtllmgadnm 83 tbﬂtrtﬁ@tﬁﬂ'(ﬂrgempeé&M(@C@p@ﬁdmgh%ﬁﬂ@ﬁh@foaﬂ@rgﬂnb loading

platform 34 welals Cyeaauanby wen i lond prcethonedosdivpiaon 2 infenlaged wit

another on erating unit 33 can reduce ance of eing pulled and
pushed bytihe puavér-assistebiedyt 3020086 e comisabtanmiba#id drdethe preveludeastdtie

moveggent bt pousraRSiniEd or dheaueed trarnadiena it iradig OplTorm 3L, it

one of the settings, Instead of both the settings, he power-assist coefficient A is
set greatet afpdladpad Onglhe eGP lattoim331 iis tlewlg sabidehp Poeerassistdeedlecation

constant G5 s SMAFENNSILB I A Ul qing P BLRRR g sieate Wil Toyeient of he

power-assisted 15 cart 30 can be prevented by at east one o g the pow r-assist coefficient A
greater and i) $6fin§ane povapeRdisodsteratitith somnktantscs BAAYES ede® theeghagitisig one

setting is agreifestive asbeth g%%oﬁg%nggs Igglésér&llépggﬁg lﬁﬂﬁ%lﬁ%{?% A power-assisted

cart according to an implementati e present invention can be use ea manual
trandportali®¥84H. Hence, the power-assisted cart is effective as a cart for transporting a heavy load.

25[Reference Signsisili9@88le, when a load placed on the loading platform 31 is
heavy, the target speed generating unit 33 increases the
power-assist coefficient A so thét the power-assisted cart 30 can get
guick acceleration. However, as much as the load placed on the
20 loading platform 31 is heavier, the inertia of the loading platform 31
increases when the power-assisted cart 30 is accelerated. This
inertia can make the moving speed K(t) of the power-assisted cart 30
faster than the walking speed of the user moving the power assisted
cart 30. In order to slow down the moving speed K(t), the target
25 speed generating unit 33 sets the power-assist coefficient A higher
when a load placed on the loading platform 31 is heavy, and sets the
power-assist deceleration constant GS for a slower speed. Moreover,
the target speed generating unit 33 sets the power-assist coefficient
A lower when the load on the loading platform 31 is light, and sets

30 the power-assist deceleration constant GS for a faster speed.

[0085]

The above settings allow the power-assisted cart 30 to start
moving smoothly, and to reduce the chance of sudden acceleration of
the power-assisted cart 30. In other words, the target speed
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10, 20, and 30Power-assisted cart 11Handlebar 12Cart main body 3013Operating force detecting unit
14Motor 15Speed sensor 16, 26, and 33Target speed generating unit 17Motor control unit 18Wheel
19Sub wheel 21Trailer 21aTrailer wheel 527Power-assist reducing unit 28Insensible region generating
unit 29Acogtenatiart brgl devélesatiaoibitlg whie3lFrgrtr speed M(t), depending how

much the load on the loading platform 31 weighs. Consequently,

when the load placed on the loading platform 31 is replaced with

another one, the target speed generating unit 33 can reduce the
5 chance of the user being pulled and pushed by the power-assisted

cart 30.

[0086]

It is noted that in order to prevent unstable movement of the

power-assisted cart 30 caused by varying inertia of the loading
10 platform 31, either one of the settings, instead of both the settings,
may be employed: The power-assist coefficient A is set greater when
a load on the loading platform 31 is heavy; and the power-assist
deceleration constant GS is set smaller when a load on the loading
platform 31 is heavy. Unstable movement of the power-assisted
15 cart 30 can be prevented by at least one of (i) setting the
power-assist coefficient A greater and (ii) setting the power-assist
deceleration constant GS smaller, even though utilizing one setting is
not as effective as both the settings.
[Industrial Applicability]
20 [0087]

A power-assisted cart according to an implementation of the
present invention can be used just like a manual transportation cart.
Hence, the power-assisted cart is effective as a cart for transporting
a heavy load.

25 [Reference Signs List]
[0088]

10, 20, and 30 Power-assisted cart

11 Handlebar '

12 Cart main body

30 13 Operating force detecting unit

14 Motor

15 Speed sensor

16, 26, and 33 Target speed generating unit

17 Motor control unit
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- 32Weight sensor 1041, 42, and 43Control unit [CLAIMS] [Claim 1] A power-assisted cart comprising:
a cart main body; 5a handlebar which is provided to the cart main body; a speed sensor which
detects a moving speed and a moving direction of the cart main body; a force detecting unit
configured to detedt® maghifieiel and a direction of an operating force which is applied to the
handlebar with 10 jegpect g the, maving direction of the cart main body; a driving source which moves
the cart main body; a target speed generating unit configured to generate a target speed based
on the magnitude &fthe opdrtiiG force and the moving speed; and 15a control unit configured to
control the driving squyce baseg;ap the, lasget speed, wherein the target speed generating unit is
configured to generate the target speed to be (i) faster than the moving speed in the case where the
movirly direction aAd the di@¥RIT8EHS LURPLEHE FIEE are same, and (ii) slower than the moving
speed in the case where thg g@y@yg;@rg@@qg ﬁr}@léh@ gérﬁg@qjq{;me operating force are opposite.

[Claim 2]
29 Acceleration and deceleration limiting unit

31 Trailer
32 Weight sensor
10 41, 42, and 43 Control unit

-7 .



The power-assisted cart according to Claim 1, 25wherein the target speed generating unit is
configured to generate the target speed by adding the moving speed and a power-assisted speed
which is obtained by multiplying the magnitude of the operating force by a predetermined power-assist
coefficient. 30[Claim 3] The power-assisted cart according to Claim 2, wherein the target speed
generating unit isfcardipaeed to generate the target speed by adding the moving speed, the
power-assisted S@Egaq,rﬁgﬁa predetermined power-assist offset value. [Claim 4] The power-assisted
cart according to one o ims 2 and 3, wherein, in the case where the moving speed is faster than a
5 predetermined speed rbfefates-patis Ltk ¢ar§et apurdsiederating unit is configured to generate the
target speed by multiplyiag-#he pesertasgisted speed by a power-assist reduction rate and adding a

result of the multiplication and the maving. speed, the power-assist reduction rate being smaller than 1.
g D Ahdle iR d%\?f fﬁ § 8

10[Claim 5] The power-assspe%rcvé{r accbsra[?rrlg\fé ai%? furtRer (%%Bris%dy' a receiving

unit configured to receiv@ iGRRATARFNEP A WHIGH WRIETHS detattednsy sPeeid i sensoneivansading

platform that is 15 6uples torthecad maikhoBbdy: wherein the target speed generating unit is
configured to perform at legst one of setting the_predetermin gedp wer-assist coefficient higher or
SRR TS MOHer SREH S bR f

setting the speed refereffceVaft feoiiﬁgl Fﬁaﬁtef:%llﬁ%g%? eeiﬁ &é‘&?é%ﬁb%}i e {ergft sensor.

20[Claim 6] direction of an operating force which is appliedﬁgo the handlebar with

10 respect to the moving direction of the cart main body;

a driving source which moves the cart main body;

a target speed generating unit configured to generate a target
speed based on the magnitude of the operating force and the moving
speed; and

15 a control unit configured to control the driving source based on
the target speed,

wherein the target speed generating unit is configured to
generate the target speed to be (i) faster than the moving speed in
the case where the moving direction and the direction of the

20 operating force are same, and (ii) slower than the moving speed in
the case where the moving direction and the direction of the
operating force are opposite.

[Claim 2]
The power-assisted cart according to Claim 1,

25 wherein the target speed generating unit is configured to
generate the target speed by adding the moving speed and a
power-assisted speed which Is obtained by multiplying the
magnitude of the operating force by a predetermined power-assist
coefficient.

30 [Claim 3]

The power-assisted cart according to Claim 2,

wherein the target speed generating unit is configured to
generate the target speed by adding the moving speed, the
power-assisted speed, and a predetermined power-assist offset
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The power-assisted cart according to one of Claims 1 to 5, wherein, in the case where an
absolute value of the magnitude of the operating force is smaller than a predetermined insensible
region threshold value, the target speed generating unit is 25 configured to generate the target speed
with the magnitude of the operating force set to 0. [Claim 7] The power-assisted cart according to one
of Claims 1 to 6, WHéin the target speed generating unit is configured to (i) 30 decrease the target
speed in the caseayhate 4he target speed becomes faster than a previous target speed by a

predetermined acceleratjon and deceleration Iimit%tion %peed or faster ar}déf'i .ncrease Hw target
: & power-gssis ed cart acc rdmg t&]one 0 lms?aan
speed in the case where the target speed becomes slower than the previous target’speed™dy the

predetermined acceleratibi &gic dtdleeatandimitioh $ecaotisowecele preassas thrgetspeed

being an immgedigiely precrilingdasgelespeest IEHim 8k aetheddgr sankpling pAwWRstAsgisted cart
including a cart 5 maﬁin bo%/gfdag:and ebar which is provided to the cartdgk sensor

plice 2
hioh St B O e e m e e e R E et SR . A hRE ety uni
configured to deteoveemagsisivel antaditaciop ©f an-eperiating forcd avhich ¢sapplirddimnthe

handleb_ar with regReat tghe é”ﬁ%/i[?ﬂ 9#@9&%%@6%%@%4& Qﬁgﬁdﬁhgﬂ%%%@%i&ﬁgi
generating the target sc,tpeed to be (i) faster thﬂ:r%rtgimovmg speed in the case where the moving
direction and the'GifettiA b B HERFirg 8 ahrhe, and (ii) slower than the moving speed in

the case wiére thé lmiowirsg direction and the direction of the 15 operating force are opposite; and
moving th(=T cart main bogxgamlggggr&ea SRegY. [Q&‘imgﬂng ta‘hq:rfggmo%fpr gontrQlling the
power-assisted cart according to Claim 8,
comprising
a receiving unit configured to receive information of a weight
which is detected by a weight sensor of a loading platform that is
15 coupled to the cart main body,
wherein the target speed generating unit is configured to
perform at least one of setting the predetermined power-assist
coefficient higher or setting the speed reference value lower for
higher values of the weight detected by the weight sensor.
20 [Claim 6]
The power-assisted cart according to one of Claims 1 to 5,
wherein, in the case where an absolute value of the magnitude
of the operating force is smalier than a predetermined insensible
region threshold value, the target speed generating unit is
25 configured to generate the target speed with the magnitude of the
operating force set to 0.
[Claim 7]
The power-assisted cart according to one of Claims 1 to 6,
wherein the target speed generating unit is configured to (i)
30 decrease the target speed in the case where the target speed
becomes faster than a previous target speed by a prédetermined
acceleration and deceleration limitation speed or faster and (ii)
increase the target speed in the case where the target speed
becomes slower than the previous target speed by the predetermined

- 79 -



20wherein, in the generating, the target speed is generated by adding the moving speed and a
power-assisted speed which is obtained by multiplying the magnitude of the operating force by a
predetermined power-assist coefficient. [Claim 10] 25The method for controlling the power-assisted
cart according to Claim 9, =~ wherein, in the generating, the target speed is generated by adding the
moving speed, tHFpBIFERHSSTEG S| €5t A piBuidaPih 8B FfVRF-8kuiEe o ffSk RERIOBS[Claim 11]
The method for canygelting dweipbriergassistethealizaedprdirg-taddng o (Glatmspeeund 10, wherein,
in the case Wherié%mc&/'ng speed is faster than a predetermined speed reference value in the
generating, the target speed is generated by multiplying the power-assisted speed by a power-assist
reduction rate and addirfty @ fE QLI EFRETRIE&iBrPEMENRE FbHRE SFEEIN e iD@eT-8RE st
reduction rate beingismsdley tharmind{Cledm W2ich isTheometbaditorpentrating the paywer-assisted
cart according to_Claj furth iS] iying informatign of a weight which js detected
by a weight sensﬁﬁ%rg %o%ahdslﬁé ‘§|§f%?n‘%ﬁ§g}§ ?éo”Jéﬁéqf éé)gi g%gr n?j;% 8&3‘/?90%%%%5%%?3 target
speed generating'imie esmibureeIty perb T At jeadebrel bt ettty tRB igede inidedasdwier-assist
coefficient highengs gatting dherspeed referice valdedpees fiordighieevalirholsthe weight detected

by the weight Se@ﬁ%r'h[grlwacwg!}asﬂ with respect to the moving direction of the cart main

10 body, the method comprising:
generating the target speed to be (i) faster than the moving
speed in the case where the moving direction and the direction of the
operating force are same, and (ii) slower than the moving speed in
the case where the moving direction and the direction of the
15 operating force are opposite; and
moving the cart main body based on the target speed.

[Claim 9]
The method for controlling the power-assisted cart according
to Claim 8,
20 wherein, in the generating, the target speed is generated by

adding the moving speed and a power-assisted speed which is
obtained by multiplying the magnitude of the operating force by a
predetermined power-assist coefficient.
[Claim 10]
25 The method for controlling the power-assisted cart according
to Claim 9,
wherein, in the generating, the target speed is generated by
adding the moving speed, the power-assisted speed, and a
predetermined power-assist offset value.
30 [Claim 11]
The method for controlling the power-assisted cart according
to one of Claims 9 and 10,
wherein, in the case where the moving speed is faster than a
predetermined speed reference value in the generating, the target
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15The method for controlling the power-assisted cart according to any one of Claims 8 to 12,

wherein, in the case where an absolute value of the magnitude of the operating force is smaller than a
predetermined insensible region threshold value in the generating, the target speed is 20 generated
with the magnitude of the operating force set to 0. [Claim 14] The method for controlling the
power-assisted HPE&ECHPAiBg6 A drieYoMDIaisY8ne 1B avhensiy iasbis shaniag, the Brget

- speed is (i) decreasgdinadaidierearer wbearedhe sgel soers beeamesdastes mmtepnz@d% target
speed by a predete({nlned acceleratlong deceleration Ilm{;tatlcér&sc?eed or fa, ter an ncreased in
(S

the case where tAE BSt'ESé’éB%SE&r% SweridndRe! é?aetastﬁe g’ B?ﬁ @cﬁetermlned

acceleration andté@gelération limitation speed or 30 slower, the previous target speed being an
immediately preqetingr{arggt speed.

The method for controlling the power-assisted cart according
to Claim 11, further comprising
receiving information of a weight which is detected by a weight
sensor of a loading platform that is coupled to the cart main body,
10 wherein the target speed generating unit is configured to
perform at least one of setting the predetermined power-assist
coefficient higher or setting the speed reference value lower for
higher values of the weight detected by the weight sensor.
[Claim 13]
15 The method for controlling the power-assisted cart according
to any one of Claims 8 to 12,
wherein, in the case where an absolute value of the magnitude
of the operating force is smaller than a predetermined insensible
region threshold value in the generating, the target speed is
20 generated with the magnitude of the operating force set to 0.
[Claim 14]
The method for controlling the power-assisted cart according
to any one of Claims 8 to 13,
wherein, in the generating, the target speed is (i) decreased in
25 the case where the target speed becomes faster than a previous
target speed by a predetermined acceleration and deceleration
limitation speed or faster and (ii) increased in the case where the
target speed becomes slower than the previous target speed by the
predetermined acceleration and deceleration limitation speed or
30 slower, the previous target speed being an immediately preceding
target speed.
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