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(54) Electric bicycle and control method thereof

(57) An electric bicycle and a control method thereof
are disclosed. The disclosed electric bicycle includes a
direction sensor (60) to sense a rotation direction of ped-
als, a pedal load controller (70) to adjust a load applied

to the pedals (22), and an electronic control unit to release
the load applied to the pedals through the pedal load
controller when the sensed rotation direction is a reverse
direction.



EP 2 711 282 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

1. Field

[0001] Embodiments of the present invention relate to
an electric bicycle having no chain to connect pedals and
wheels, and a control method thereof.

2. Description of the Related Art

[0002] Generally, electric bicycles include a motor to
rotate wheels and a battery to supply electric power to
the motor. Such an electric bicycle travels in accordance
with rotation of the wheels by the motor. Charging of the
battery is carried out when a generator connected to the
pedals is operated in accordance with rotation of pedals.
[0003] In a traditional bicycle, traveling thereof is basi-
cally achieved by pedaling. A chain is employed to trans-
mit pedaling force from the user to wheels.
[0004] However, such a chain has a complex structure,
and occupies a large area in the bicycle. Furthermore,
the chain may be separated from the wheels. In addition,
the skirt of a user may be caught by the chain or may be
contaminated by the chain.
[0005] In order to solve such problems, an electric bi-
cycle having no chain has recently been developed.
[0006] In such a chain-free electric bicycle, the motor
thereof rotates when a button disposed on a handle is
depressed, thereby causing the bicycle to move forward.
[0007] In the chain-free electric bicycle, pedal load is
applied to the user when the user pedals and, as such,
the user feels pedaling sensation when pedaling, as in
the case in which there is a chain.
[0008] In conventional cases, application of the pedal
load is carried out irrespective of the rotation direction of
the pedals. For this reason, it is possible to rotate the
pedals in a normal direction only when the user strongly
pedals, whereas it is possible to rotate the pedals in a
reverse direction only when the user strongly lifts the ped-
als by the tops of the feet. Here, the "normal direction"
means a rotation direction of the pedals to move the bi-
cycle forward, whereas the "reverse direction" means an
opposite direction to the normal direction.
[0009] However, since pedal load is applied irrespec-
tive of the rotation direction of the pedals in such a con-
ventional case, the pedal load is applied even when the
pedals are reversely rotated. For this reason, for exam-
ple, when the user pedals to reversely rotate the pedals
such that each pedal moves to a start position, great force
is required to reversely rotate the pedals. This may cause
user inconvenience.

SUMMARY

[0010] Therefore, it is an aspect of the present inven-
tion to provide an electric bicycle capable of releasing

pedal load when pedals rotate in a reverse direction,
thereby eliminating inconvenience occurring upon rotat-
ing the pedals in the reverse direction.
[0011] Another aspect of the present invention is to
provide an electric bicycle in which pedal load is applied
when the rotation direction of pedals is a normal direction,
whereas the pedal load is released when the rotation
direction of the pedals is a reverse direction, thereby be-
ing capable of enabling the user to feel pedaling sensa-
tion while eliminating inconvenience occurring upon ro-
tating the pedals in the reverse direction.
[0012] Additional aspects of the invention will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned
by practice of the invention.
[0013] In accordance with one aspect of the present
invention, an electric bicycle includes a direction sensor
to sense a rotation direction of pedals, a pedal load con-
troller to adjust a load applied to the pedals, and an elec-
tronic control unit to release the load applied to the pedals
through the pedal load controller when the sensed rota-
tion direction is a reverse direction.
[0014] The electronic control unit may apply the load
to the pedals when the sensed rotation direction is a nor-
mal direction.
[0015] The pedal load controller may include a gener-
ator to generate AC power in accordance with driving of
the pedals, a rectifier to rectify the AC power generated
from the generator into DC power, a smoothing circuit to
charge the DC power output from the rectifier so as to
smooth the output power, and a switch connected in se-
ries between the generator and a battery to be charged
with the power smoothed by the smoothing circuit.
[0016] The electronic control unit may perform pulse
width modulation (PWM) control to turn on or off the
switch when the sensed rotation direction of the pedals
is a normal direction, to charge the battery with the power
generated from the generator.
[0017] The electronic control unit may turn off the
switch when the sensed rotation direction of the pedals
is a reverse direction, to open output terminals of the
generator.
[0018] The electric bicycle may further include a speed
sensor to sense a speed of the electric bicycle. Under a
condition that the speed sensed by the speed sensor is
equal to or lower than a predetermined speed, the elec-
tronic control unit may apply the load to the pedals
through the pedal load controller when the sensed rota-
tion direction is a normal direction, while releasing the
load applied to the pedals by the pedal load controller
when the sensed rotation direction is a normal direction.
[0019] In accordance with another aspect of the
present invention, a control method of an electric bicycle
includes sensing a rotation direction of pedals, and ap-
plying a load to the pedals when the sensed rotation di-
rection is a normal direction, and releasing the load ap-
plied to the pedals when the sensed rotation direction is
a reverse direction.

1 2 



EP 2 711 282 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0020] The control method may further include sensing
a speed of the electric bicycle, and applying the load to
the pedals when the sensed rotation direction is a normal
direction, while releasing the load applied to the pedals
by the pedal load controller when the sensed rotation
direction is a normal direction, under a condition that the
speed sensed by the speed sensor is equal to or lower
than a predetermined speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a perspective view illustrating an electric
bicycle according to an exemplary embodiment of
the present invention;
FIG. 2 is a block diagram illustrating a control con-
figuration of the electric bicycle according to an em-
bodiment of the present invention;
FIG. 3 is a circuit diagram explaining a configuration
of a pedal load controller in the electric bicycle ac-
cording to an embodiment of the present invention;
FIG. 4 is a circuit diagram explaining operation of
the pedal load controller in the electric bicycle ac-
cording to the illustrated embodiment of the present
invention when the rotation direction of the pedals is
a normal direction;
FIG. 5 is a schematic view explaining pedal rotating
force when the pedal rotation direction is the normal
direction, in the electric bicycle according to the il-
lustrated embodiment of the present invention;
FIG. 6 is a circuit diagram explaining operation of
the pedal load controller when the pedal rotation di-
rection is the reverse direction, in the electric bicycle
according to the illustrated embodiment of the
present invention;
FIG. 7 is a schematic view explaining pedal rotating
force when the pedal rotation direction is the reverse
direction, in the electric bicycle according to the il-
lustrated embodiment of the present invention;
FIG. 8 is a flowchart illustrating a control method of
the electric bicycle according to an embodiment of
the present invention;
FIG. 9 is a block diagram illustrating a control con-
figuration of the electric bicycle according to another
embodiment of the present invention; and
FIG. 10 is a flowchart illustrating a control method of
the electric bicycle according to another embodiment
of the present invention.

DETAILED DESCRIPTION

[0022] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.

These embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
spirit and scope of the present invention to those skilled
in the art. Other embodiments may also be provided.
Constituent elements other than elements constituting
essential features of the present invention may be omit-
ted from the drawings, for clarity of description. In the
drawings, the widths, lengths, and thicknesses of con-
stituent elements may be exaggerated for clarity and con-
venience of illustration. Like reference numerals refer to
like elements throughout.
[0023] FIG. 1 is a perspective view illustrating an elec-
tric bicycle according to an exemplary embodiment of the
present invention.
[0024] Referring to FIG. 1, the electric bicycle includes
a front frame 10, a rear frame 20, and a saddle frame 30.
[0025] The front frame 10 and rear frame 20 are piv-
otally coupled to a hinge plate 11 by a hinge shaft. The
hinge plate 11 is installed to be pivotable about the hinge
shaft in forward and rearward directions.
[0026] A handle stay 14 is coupled to one end of the
front frame 10. A front wheel 12 and a handle 13 are
connected to the handle stay 14.
[0027] The handle 13 includes a handle stem 15 cou-
pled to a lower end of the handle stay 14, a handle bar
16 coupled to the handle stay 14, and handle grips 17
respectively fitted around opposite ends of the handle
bar 16.
[0028] The handle stem 15 is provided to adjust the
level of the handle 13. The handle bar 16 is provided to
steer the electric bicycle. An interface device 50 is provide
at one of the handle grip 17, not only to display a state
of the electric bicycle to the user, but also to transmit a
command from the user to an electronic control unit 40,
which will be described later. The interface device 50 is
electrically connected to the electronic control unit 40.
[0029] The front wheel 12 is rotatably coupled to the
lower end of the handle stay 14 at one side of the handle
stay 14. In accordance with an embodiment of the present
invention, the front wheel 12 may be coupled to the lower
end of the handle stay 14 at a right side of the handle
stay 14 when viewed from a rear side of the electric bi-
cycle. Alternatively, the handle stay 14 may have a fork
shape, and the front wheel 12 may be mounted to the
fork-shaped handle stay 14, as in a traditional bicycle.
[0030] A generator 21 is provided at one end of the
rear frame 20. Pedals 22 are rotatably mounted to oppo-
site sides of the generator 21. When the pedals 22 are
rotated, rotating force is generated from the pedals 22,
and is converted into electrical energy by the generator
21. The electrical energy from the generator 21 may be
accumulated in a battery 23, which will be described later.
[0031] A rear wheel 24 is rotatably mounted to the other
end of the rear frame 20 at a left side of the rear frame
20. Although not shown, the rear frame 20 may have a
fork shape, and the rear frame 20 may be mounted to
the fork-shaped rear frame 20, as in a traditional bicycle.
[0032] A motor 25 is mounted to the rear wheel 24, to
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rotate the rear wheel 24, and thus to move the bicycle
forward. A speed changer may be mounted to the motor
25 in order to change a rotation speed of the rear wheel
24 in accordance with user operation of the interface de-
vice 50.
[0033] The battery 23, which accumulates electrical
energy from the generator 21, may be mounted in the
rear frame 20, together with the electronic control unit
40. The battery 23 may also be mounted in the front frame
10.
[0034] The rear frame 20 is coupled, at one side there-
of, to a rear portion of a seat tube 26. The rear frame 20
and seat tube 26 may be integrated.
[0035] The saddle frame 30 is coupled to the rear frame
20. A saddle 31, on which the user will sit, is mounted to
one end of the saddle frame 30.
[0036] FIG. 2 is a block diagram illustrating a control
configuration of the electric bicycle according to an em-
bodiment of the present invention.
[0037] Referring to FIG. 2, the electric bicycle includes
the electronic control unit 40, the interface device 50, a
direction sensor 60, a pedal load controller 70, and a
speed controller 80.
[0038] The interface device 50 not only displays a state
of the electric bicycle to the user, but also transmits a
command input by the user via the button to the electronic
control unit 40.
[0039] The direction sensor 60 is provided at one side
of the rear frame 20, to sense a rotation direction of the
pedals 22.
[0040] The direction sensor 60 may sense not only the
rotation direction of the pedals 22, but also the rotation
speed of the pedals 22. The direction sensor 60 may
include a Hall sensor, to sense the rotation direction and
rotation speed of the pedals 22. The Hall sensor is a
sensor employing a Hall element exhibiting electric cur-
rent - magnetic effects that a variation in output occurs
when a magnetic field is applied in a direction perpen-
dicular to a current flow direction. The Hall sensor is a
semiconductor sensor frequently used to check the ro-
tation direction, rotation angle or RPM of a shaft. It may
be possible to sense whether the rotation direction of the
pedals 22 is a normal direction or a reverse direction, by
sensing the rotation direction of a pedal shaft by use of
the Hall sensor as described above.
[0041] The pedal load controller 70 adjusts a load ap-
plied to the pedals 22. In accordance with adjustment of
the load applied to the pedals 22 by the pedal load con-
troller 70, the user may feel pedaling sensation when
pedaling the pedals 22 as if there is a chain. If necessary,
it may be possible to prevent the user from feeling pe-
daling sensation.
[0042] The pedal load controller 70 may adjust the ped-
al load of the pedals 22 by, for example, adjusting the
amount of electric power charged in the battery 23 after
being generated from the generator 21 in accordance
with driving of the pedals 22.
[0043] FIG. 3 is a circuit diagram explaining a config-

uration of the pedal load controller in the electric bicycle
according to an embodiment of the present invention.
[0044] Referring to FIG. 3, the pedal load controller 70
includes the generator 21, which generates AC power in
accordance with driving of the pedals 22, a rectifier 71
to rectify the AC power generated from the generator 21
into DC power, and a smoothing circuit 72 to smooth an
output voltage from the rectifier 71 through charging. The
pedal load controller 70 also includes a switch 73 con-
nected in series between the battery 23 and the generator
21.
[0045] The pedal load controller 70 may adjust the ped-
al load of the pedals 22 by adjusting the amount of electric
power charged in the battery 23 after being generated
from the generator 21 in accordance with driving of the
pedals 22. Under the condition that pedal load is applied
to the pedals 22, the pedals 22 are rotated only when the
user strongly pedals the pedals 22 and, as such, the user
may feel pedaling sensation when pedaling the pedals
22.
[0046] Also, the pedal load controller 70 releases the
pedal load applied to the pedals 22 by opening both out-
put terminals of the generator 21. When the pedal load
applied to the pedals 22 is released, it is possible to rap-
idly move each pedal 22 to a desired position, using small
force, because the pedal 22 is easily rotatable.
[0047] FIG. 4 is a circuit diagram explaining operation
of the pedal load controller in the electric bicycle accord-
ing to the illustrated embodiment of the present invention
when the rotation direction of the pedals is a normal di-
rection.
[0048] Referring to FIG. 4, the electronic control unit
40 applies pedal load to the pedals 22 through the pedal
load controller 70 when the user pedals the pedals 22 to
rotate the pedals 22 in the normal direction.
[0049] In more detail, the electronic control unit 40 first
performs pulse width modulation (PWM) control for the
switch 73, for application of pedal load to the pedals 22.
When the switch 72 is PWM-controlled, electric power
generated form the generator 21 in accordance with op-
eration of the pedals 22 is charged in the battery 23. At
the same time, in accordance with the operation of the
generator 21, the user feels pedaling sensation when
pedaling the pedals 22. That is, when a power circuit
connected to the generator 21 forms a closed loop, coun-
ter electromotive force is generated, thereby generating
pedal load. When the pedal load generated as described
above is applied to the pedals 22, the pedals 22 are ro-
tated only when the user strongly pedals the pedals 22
and, as such, the user feels pedaling sensation when
pedaling the pedals 22.
[0050] FIG. 5 is a schematic view explaining pedal ro-
tating force when the pedal rotation direction is the normal
direction, in the electric bicycle according to the illustrated
embodiment of the present invention.
[0051] Referring to FIG. 5, when the rotation direction
of the pedals 22 is the normal direction, the user feels
relatively-high pedaling sensation corresponding to a
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magnitude as indicated by an arrow in FIG. 5.
[0052] FIG. 6 is a circuit diagram explaining operation
of the pedal load controller when the pedal rotation di-
rection is the reverse direction, in the electric bicycle ac-
cording to the illustrated embodiment of the present in-
vention.
[0053] Referring to FIG. 6, the electronic control unit
40 releases the pedal load applied to the pedals 22 by
the pedal load controller 70 when the rotation direction
of the pedals 22 is the reverse direction.
[0054] In more detail, the electronic control unit 40
turns off the switch 73, to open the switch 73, and thus
to release the pedal load applied to the pedals 22.
[0055] When the switch 73 is opened, both the output
terminals of the generator 21 are opened, thereby caus-
ing the pedal load applied to the pedals 22 to be released.
In this case, the user feels that the pedals 22 rotate idle.
That is, when the power circuit connected to the gener-
ator 21 does not form a close loop, no counter electro-
motive force is generated. Thus, the pedal load is re-
leased. In this case, the user may easily step the pedals
22 to rotate the pedals 22. Accordingly, it may be possible
to rapidly mote each pedal 22 to a desired position, using
small force.
[0056] FIG. 7 is a schematic view explaining pedal ro-
tating force when the pedal rotation direction is the re-
verse direction, in the electric bicycle according to the
illustrated embodiment of the present invention.
[0057] Referring to FIG. 7, when the rotation direction
of the pedals 22 is the reverse direction, the user feels
relatively-low pedaling sensation corresponding to a
magnitude as indicated by an arrow in FIG. 7.
[0058] Again referring to FIG. 2, the speed controller
80 adjusts a rotation speed of the motor 25. The speed
controller 80 adjusts the rotation speed of the motor 25
by changing the number of poles of the motor 25 or var-
ying the frequency of electric power supplied to the motor
25.
[0059] The electronic control unit 40 senses the rota-
tion direction of the pedals 22 through the direction sen-
sor 60. When the sensed rotation direction of the pedals
22 is the reverse direction, the electronic control unit 40
releases the load applied to the pedals 22 by the pedal
load controller 27. For example, the electronic control
unit 40 applies the pedal load to the pedals 22 when the
rotation direction of the pedals 22 is the normal direction,
whereas the electronic control unit 40 releases the pedal
load applied to the pedals 22 when the rotation direction
of the pedals 22 is the reverse direction.
[0060] FIG. 8 is a flowchart illustrating a control method
of the electric bicycle according to an embodiment of the
present invention.
[0061] Referring to FIG. 8, the electronic control unit
40 senses the rotation direction of the pedals 22 through
the direction sensor 60 (100).
[0062] After sensing the rotation direction of the pedals
22, the electronic control unit 40 determines whether the
sensed rotation direction of the pedals 22 is the reverse

direction (110).
[0063] When it is determined, based on the result of
the determination executed in the operation 110, that the
rotation direction of the pedals 22 is the normal direction,
the electronic control unit 40 applies pedal load to the
pedals 22 through the pedal load controller 70, to cause
the user to feel pedaling sensation (120). That is, the
electronic control unit 40 performs PWM control for the
switch 73 connected in series between the battery 23
and the generator 21, to charge the battery 23 with elec-
tric power generated from the generator 21, and thus to
apply pedal load to the pedals 22.
[0064] On the other hand, when it is determined, based
on the result of the determination executed in the oper-
ation 110, that the rotation direction of the pedals 22 is
the reverse direction, the electronic control unit 40 re-
leases the pedal load applied to the pedals 22 through
the pedal load controller 70, to enable the user to rapidly
rotate the pedals 22 with small force without feeling pe-
daling sensation (130). That is, the electronic control unit
40 opens the switch 73, to open the output terminals of
the generator 21, and thus to release the pedal load ap-
plied to the pedals 22.
[0065] FIG. 9 is a block diagram illustrating a control
configuration of the electric bicycle according to another
embodiment of the present invention. In FIG. 9, the same
constituent elements as those of FIG. 2 will be designated
by the same reference numerals.
[0066] Referring to FIG. 9, the electric bicycle includes
an electronic control unit 40, an interface device 50, a
direction sensor 60, a pedal load controller 70, a speed
controller 80, and a speed sensor 90.
[0067] The speed sensor 90 senses the speed of the
bicycle. The speed sensor may be, for example, a wheel
speed sensor to sense the wheel speed of the front
wheel.
[0068] The electronic control unit 40 senses the rota-
tion direction of the pedals 22 through the direction sen-
sor 60 when the speed of the electric bicycle is equal to
or lower than a predetermined speed. When the sensed
rotation direction of the pedals 22 is a reverse direction,
the electronic control unit 40 releases pedal load applied
to the pedals 22 by the pedal load controller 70.
[0069] On the other hand, when the rotation direction
of the pedals 22 is a normal direction under the condition
that the speed of the electric bicycle is equal to or lower
than the predetermined speed, the electronic control unit
40 applies pedal load to the pedals 22.
[0070] Upon starting the bicycle, the user moves each
pedal 22 to a desired start position. In this case, typically,
the user rotates the pedals in the reverse direction by the
tops of the feet, and then pedals the pedals 22 in the
normal direction, to travel the electric bicycle.
[0071] In this embodiment, when the user rotates the
pedals 22 in the reverse direction upon starting the elec-
tric bicycle from a stopped state thereof, pedaling sen-
sation is provided to the user. Accordingly, it may be pos-
sible to move each pedal 22 to a start position thereof
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with small force.
[0072] Meanwhile, when it is desired to again acceler-
ate the electric bicycle during travel thereof in a state in
which each pedal 22 is not positioned at the start position
thereof, it is necessary to move the pedal 22 to the start
position. In this case, it may be possible to rapidly move
the pedal 22 to the start position with small force by ro-
tating the pedal 22 to the start position in the reverse
direction, and thus releasing the stepping load applied
to the pedal 22.
[0073] FIG. 10 is a flowchart illustrating a control meth-
od of the electric bicycle according to another embodi-
ment of the present invention.
[0074] Referring to FIG. 10, the electronic control unit
40 senses the speed of the electric bicycle through the
speed sensor 90 (200).
[0075] After sensing the speed of the electric bicycle,
the electronic control unit 40 determines whether the
sensed speed V of the electric bicycle is equal to or lower
than a predetermined speed Vref (210).
[0076] When it is determined, based on the result of
the determination executed in the operation 210, that the
sensed speed V of the electric bicycle exceeds the pre-
determined speed Vref, the electronic control unit 40 re-
turns to operation 200.
[0077] On the other hand, when the sensed speed V
of the electric bicycle is equal to or lower than the pre-
determined speed Vref, the electronic control unit 40
senses the rotation direction of the pedals 22 through the
direction sensor 60.
[0078] Based on the sensed result, the electronic con-
trol unit 40 determines whether the sensed rotation di-
rection of the pedals 22 is a reverse direction (230).
[0079] When it is determined, based on the result of
the determination executed in the operation 230, that the
rotation direction of the pedals 22 is a normal direction,
the electronic control unit 40 applies pedal load to the
pedals 22 in order to cause the user to feel pedaling sen-
sation (240). In this case, the electronic control unit 40
performs PWM control for the switch 73 connected in
series between the battery 23 and the generator 21, to
charge the battery 23 with electric power generated from
the generator 21, and thus to apply pedal load to the
pedals 22.
[0080] On the other hand, when it is determined, based
on the result of the determination executed in the oper-
ation 110, that the rotation direction of the pedals 22 is
the reverse direction, the electronic control unit 40 re-
leases the pedal load applied to the pedals 22 through
the pedal load controller 70, to enable the user to rapidly
rotate the pedals 22 with small force without feeling pe-
daling sensation (250). In this case, the electronic control
unit 40 opens the switch 73, to open the output terminals
of the generator 21, and thus to release the pedal load
applied to the pedals 22.
[0081] As apparent from the above description, in one
aspect of the present invention, it may be possible to
release pedal load when the pedals rotate in a reverse

direction, and thus to reduce inconvenience occurring
upon rotating the pedals in the reverse direction.
[0082] Also, in another aspect of the present invention,
pedal load is applied when the rotation direction of the
pedals is a normal direction, whereas the pedal load is
released when the rotation direction of the pedals is a
reverse direction. Accordingly, it may be possible to en-
able the user to feel pedaling sensation upon rotating the
pedals in the normal direction. Also, it may be possible
to enable the user to rapidly rotate the pedals with small
force without feeling pedaling sensation upon rotating
the pedals in the reverse direction.
[0083] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the invention, the scope of which
is defined in the claims and their equivalents.

Claims

1. An electric bicycle comprising:

a direction sensor to sense a rotation direction
of pedals;
a pedal load controller to adjust load applied to
the pedals; and
an electronic control unit to release the load ap-
plied to the pedals through the pedal load con-
troller when the sensed rotation direction is a
reverse direction.

2. The electric bicycle according to claim 1, wherein
the electronic control unit applies the load to the ped-
als when the sensed rotation direction is a normal
direction.

3. The electric bicycle according to claim 2, wherein
the pedal load controller comprises:

a generator to generate AC power in accordance
with driving of the pedals;
a rectifier to rectify the AC power generated from
the generator into DC power;
a smoothing circuit to charge the DC power out-
put from the rectifier so as to smooth the output
power; and
a switch connected in series between the gen-
erator and a battery to be charged with the power
smoothed by the smoothing circuit.

4. The electric bicycle according to claim 2, wherein
the electronic control unit performs pulse width mod-
ulation (PWM) control to turn on or off the switch
when the sensed rotation direction of the pedals is
a normal direction, to charge the battery with the
power generated from the generator...
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5. The electric bicycle according to claim 3 or 4, wherein
the electronic control unit turns off the switch when
the sensed rotation direction of the pedals is a re-
verse direction, to open output terminals of the gen-
erator.

6. The electric bicycle according to any one of claims
1 to 5, further comprising:

a speed sensor to sense a speed of the electric
bicycle,
wherein, under a condition that the speed
sensed by the speed sensor is equal to or lower
than a predetermined speed, the electronic con-
trol unit applies the load to the pedals through
the pedal load controller when the sensed rota-
tion direction is a normal direction, while releas-
ing the load applied to the pedals by the pedal
load controller when the sensed rotation direc-
tion is a normal direction.

7. A control method of an electric bicycle comprising:

sensing a rotation direction of pedals; and
applying a load to the pedals when the sensed
rotation direction is a normal direction, and re-
leasing the load applied to the pedals when the
sensed rotation direction is a reverse direction.

8. The control method according to claim 7, further
comprising:

sensing a speed of the electric bicycle; and
applying the load to the pedals when the sensed
rotation direction is a normal direction, while re-
leasing the load applied to the pedals by the ped-
al load controller when the sensed rotation di-
rection is a normal direction, under a condition
that the speed sensed by the speed sensor is
equal to or lower than a predetermined speed.
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