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(54) Unmanned helicopter, takeoff method for unmanned helicopter, and landing method for an

unmanned helicopter

(57)  An unmanned helicopter (20) includes altitude
control device for giving a command of a collective pitch
blade angle based on an altitude change rate command,
etc., and performing altitude control of the helicopter,
and a takeoff device, upon reception of a take off start
command from the ground, for causing the helicopter to
take off and climb to a first altitude while increasing the
collective pitch blade angle without performing the alti-
tude control of the altitude control device and then caus-

ing the altitude control device to start the altitude control.
The unmanned helicopter further includes a descending
device for causing the airframe to descend to a second
altitude while changing descent rate command of the al-
titude control device and giving a descent rate command
smaller than the descent rate command to the second
altitude to the altitude control device for causing the hel-
icopter to descend from the second altitude to the
ground.
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Description

BACKGROUND OF THE INVENTION

[0001] Thisinvention relates to an unmanned helicop-
ter, a takeoff method of an unmanned helicopter, and a
landing method of an unmanned helicopter.

[0002] At present, various arts of autonomously flying
an unmanned helicopter are developed in various indus-
trial fields. For example, a flight control system is pro-
posed wherein a predetermined control command is
transmitted from a personal computer installed on the
ground through a predetermined transmitter to a micro-
computer installed in an airframe and the microcomput-
er performs drive control of a rotor and a control surface
of the airframe based on the control command, thereby
making possible an autonomous flight. (For example,
refer to patent document 1.)

[0003] The Unexamined Japanese Patent Application
Publication No.2000-118498 (page 1, FIG. 1)

[0004] However, in the flight control system in the re-
lated art as described in patent document 1, when an
airframe takes off the ground or is landed, radio remote
control operation of a ground operator is required; a
flight control system for making a completely autono-
mous flight from takeoff to landing is not yet in the actual
use as things stand now.

[0005] The reason why automatic takeoff and landing
control of an airframe is not realized is that the following
technical and practical problems exist:

[0006] To begin with, a technical problem involved in
takeoff will be discussed. Since the attitude angle of an
airframe is unbalanced in a touchdown state, the atti-
tude angle needs to be balanced as soon as possible
just after takeoff. Usually, the airframe is designed so
that the attitude of the airframe becomes almost stable
without attitude control, and thus the attitude of the air-
frame does not rapidly become unstable just after take-
off. However, the airframe may start motion in a lateral
direction at the same time as takeoff because of a deli-
cate imbalance of the attitude angle. At this time, if a
foot is caught in the ground, the airframe may roll in
some cases. To avoid such a situation, the airframe
needs to be climbed and brought away from the ground
as soon as possible while the attitude of the airframe is
stabilized just after takeoff,

[0007] To climb the airframe, the collective pitch rud-
der angle needs to be changed to control the thrust of
a main rotor. Hitherto, an altitude control rule of detect-
ing the altitude and feeding back the altitude and chang-
ing the collective pitch rudder angle based on the devi-
ation between the altitude and a predetermined altitude
command (target altitude) is adopted for controlling the
thrust of the main rotor, as shown in FIG. 3. A collective
pitch rudder angle command to cause the main rotor to
produce the thrust for supporting the weight of the air-
frame is calculated by an integrator (not shown), etc., of
the altitude control rule in FIG. 3.
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[0008] However, in the altitude control rule, it is com-
mon practice to set the integration gain to a small value
for the purpose of stabilizing the control system. Thus,
when controlling the thrust of the main rotor is started,
if the initial value of the integrator (not shown) in the al-
titude control rule in FIG. 3 is presetto zero, it takes time
until a balance between the thrust of the main rotor and
the weight of the airframe is struck.

[0009] Thatis, if the altitude control rule in the related
art is adopted for controlling the thrust of the main rotor,
the airframe cannot be promptly brought away from the
ground and therefore an unstable state before the atti-
tude of the airframe is stabilized continues for a given
time in the proximity of the ground; there is a problem
in safety.

[0010] Next, a practical problem involved in landing
will be discussed. To realize safe landing of an airframe,
the descending speed at the landing time needs to be
sufficiently lessened. On the other hand, to ensure op-
erability, it is desirable that the required time from start
of descending to landing should be shortened as much
as possible. To meet both the requirements, there is an
idea of separately constructing a "landing-dedicated
control system" different from altitude control at usual
autonomous flight.

[0011] However, constructing such a separate land-
ing-dedicated control system inevitably results in com-
plication of the software configuration. To lessen the de-
scending speed at the landing time, special high-accu-
rate sensors for measuring the altitude and the de-
scending speed need to be installed in the airframe.
Therefore, if an attempt is made to construct a landing-
dedicated control system, it costs to develop new soft-
ware and install high-accurate sensors, resulting in an
increase in the airframe price; this is a problem.

SUMMARY OF THE INVENTION

[0012] It is an object of the invention to accomplish
safe automatic takeoff and landing and suppress a cost
increase to construct a control system in an unmanned
helicopter for making an autonomous flight without
needing any operation command from the ground.
[0013] Itis an object of the invention to provide an un-
manned helicopter takeoff method for accomplishing
safe automatic takeoff and an unmanned helicopter
landing method for accomplishing safe automatic land-
ing.

[0014] To the ends, according to the invention as in
the first aspect, there is provided an unmanned helicop-
ter for making a flight autonomously, the unmanned hel-
icopter including altitude control device for giving a com-
mand of a collective pitch rudder angle based on the
deviation between a fed-back altitude and an altitude
command and the deviation between a fed-back climb
rate and a climb rate command,; position control device
for performing position control based on the deviation
between a fed-back position and a position command
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with respect to a horizontal position and the deviation
between fed-back speed and a speed command; atti-
tude control device for per forming attitude control of an
airframe based on the deviation between a fed-back at-
titude angle and an attitude angle command; and takeoff
device, upon reception of a takeoff start command from
the ground, for causing the airframe to take off and
climbing the airframe to a first altitude while increasing
the collective pitch rudder angle without performing the
altitude control of the altitude control device and then
causing the altitude control device to start the altitude
control.

[0015] Accordingtothe invention asin thefirstaspect,
the helicopter includes the takeoff device, upon recep-
tion of a takeoff start command from the ground, for
causing the airframe to take off and climbing the air-
frame to the first altitude while increasing the collective
pitch rudder angle without performing the altitude con-
trol of the altitude control device and then causing the
altitude control device to start the altitude control, so that
the airframe can be promptly brought away from the
ground. Consequently, continuation of an unstable state
before the attitude of the airframe is stabilized for a given
time in the proximity of the ground can be circumvented
and safety atthe takeoff time can be ensured. Moreover,
the takeoff device controls the operation timing of the
altitude control device used previously, so that the soft-
ware configuration is comparatively simple. Conse-
quently, an increase in the airframe price can be sup-
pressed.

[0016] The invention as in the second aspect is char-
acterized by the fact that in the unmanned helicopter as
in the first aspect, the takeoff device suppresses the po-
sition control and the attitude control when climbing the
airframe to the first altitude.

[0017] Accordingto the invention as in the second as-
pect, the takeoff device suppresses the position control
and the attitude control when climbing the airframe to
the first altitude. Thus, if the airframe is restrained by
the friction between the foot and the ground in the touch-
down state and cannot follow the attitude angle com-
mand, an excessive conirolcommand can be prevented
frombeing output for causing the airframe to topple over.
[0018] According to the invention as in the third as-
pect, there is provided an unmanned helicopter for mak-
ing a flight autonomously, the unmanned helicopter in-
cluding altitude control device for controlling a collective
pitch rudder angle based on a rudder angle command
calculatedbased on the deviation between a fed-back
altitude and an altitude command and the deviation be-
tween a fed-back descent rate and a descent rate com-
mand; position control device for performing position
control based on the deviation between a fed-back po-
sition and a position command with respect to a hori-
zontal position and the deviation between fed-back
speed and a speed command; attitude control device
for performing attitude control of an airframe based on
the deviation between a fed-back attitude angle and an
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attitude angle command; and descending device for
stepwise changing descent rate command of the alti-
tude control device for causing the airframe to descend
to a second altitude and giving a descent rate command
smaller than the descent rate command to the second
altitude to the altitude control device for causing the air-
frame to descend from the second altitude to the ground.
[0019] According to the invention as in the third as-
pect, the unmanned helicopter includes the descending
device for stepwise changing descent rate command of
the altitude control device for causing the airframe to
descend to the second altitude and giving a descent rate
command smallerthanthe descent rate commandto the
second altitude to the altitude control device for causing
the airframe to descend from the second altitude to the
ground, so that the descending speed at the landing
time can be lessened sufficiently. Consequently, safety
at the landing time can be ensured.

[0020] Moreover, the descending device performs
control related to the descent rate command of the alti-
tude control device used previously, so that the software
configuration is comparatively simple. Special high-ac-
curate sensors for measuring the altitude and the de-
scending speed in the proximity of the ground need not
beinstalled inthe airframe and a commercially available
general-purpose differential GPS can be installed for
controlling the descending speed at the landing time to
sufficiently small speed. Consequently, an increase in
the airframe price can be suppressed.

[0021] The invention as in the forth aspect is charac-
terized by the fact that in the unmanned helicopter as in
the third aspect, the descending device suppresses the
position control and the attitude control when causing
the airframe to descend from the second altitude to the
ground.

[0022] According to the invention as in the forth as-
pect, the descending device suppresses the position
control and the attitude control when causing the air-
frame to descend from the second altitude to the ground.
Thus, if the airframe is restrained by the friction between
the airframe and the ground after landing and cannot
follow the attitude angle command, an excessive control
command can be prevented from being output for caus-
ing the airframe to topple over.

[0023] The invention as in the fifth aspect is charac-
terized by the fact that the unmanned helicopter as in
the third or the forth aspect further includes landing de-
termination device for determining that the airframe
lands if the rudder angle command which is less than a
predetermined value continues for a predetermined
time.

[0024] Accordingtotheinvention asin the fifth aspect,
the unmanned helicopter includes the landing determi-
nation device for determining that the airframe lands if
the rudder angle command of a predetermined value or
less continues for a predetermined time, so that an er-
roneous determination of landing can be prevented and
safe landing operation can be ensured.
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[0025] According to the invention as in the sixth as-
pect, there is provided a takeoff method of an unmanned
helicopter including a first climbing step of climbing to a
first altitude while increasing a climb rate without per-
forming altitude control; and a second climbing step of
climbing while performing altitude control from the first
altitude.

[0026] According to the invention as in the sixth as-
pect, the takeoff method includes the first climbing step
of climbing to the first altitude while increasing the climb
rate without performing altitude control, so that the air-
frame is promptly brought away from the ground. Con-
sequently, continuation of an unstable state before the
attitude of the airframe is stabilized for a given time in
the proximity of the ground can be circumvented and
safety at the takeoff time can be ensured.

[0027] The invention as in the seventh aspect is char-
acterized by the fact that in the takeoff method of an un-
manned helicopter as in the sixth aspect, position con-
trol of an airframe on a horizontal plane and attitude con-
trol of the airframe are suppressed in the first climbing
step.

[0028] Accordingtotheinvention asinthe seventhas-
pect, position control of the airframe on the horizontal
plane and attitude control of the airframe are sup-
pressed in the first climbing step. Thus, if the airframe
is restrained by the friction between the foot and the
ground in the touchdown state and cannot follow the at-
titude angle command, an excessive control command
can be prevented from being output for causing the air-
frame to topple over.

[0029] According to the invention as in the eighth as-
pect, there is provided a landing method of an un-
manned helicopter including a first descending step of
stepwise decreasing a descent rate and descending to
a second altitude; and a second descending step of de-
scending from the second altitude to the ground at a de-
scent rate smaller than the descent rate in the first step.
[0030] According to the invention as in the eighth as-
pect, the landing method includes the first descending
step of stepwise decreasing the descent rate and de-
scending to the second altitude; and the second de-
scending step of descending from the second altitude
to the ground at a descent rate smaller than the descent
rate in the first step, so that the descending speed at the
landing time can be lessened sufficiently. Consequently,
safety at the landing time can be ensured.

[0031] The invention as in the ninth aspect is charac-
terized by the fact that in the landing method of an un-
manned helicopter as in the eighth aspect, position con-
trol of an airframe on a horizontal plane and attitude con-
trol of the airframe are suppressed in the second de-
scending step.

[0032] According to the invention as in the ninth as-
pect, position control of the airframe on the horizontal
plane and attitude control of the airframe are sup-
pressed in the second descending step. Thus, if the air-
frame is restrained by the friction between the airframe
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and the ground after landing and cannot follow the atti-
tude angle command, an excessive control command
can be prevented from being output for causing the air-
frame to topple over.

[0033] According to the invention as in the tenth as-
pect, there is provided a landing method of an un-
manned helicopter including changing a collective pitch
rudder angle based on a rudder angle command calcu-
latedbased onthe deviation between a fed-back altitude
and an altitude command and the deviation between a
fed-back altitude change rate and an altitude change
rate command, descending, and determining that the
helicopter lands if the rudder angle command of a pre-
determined value or less continues for a predetermined
time.

[0034] According to the invention as in the tenth as-
pect, the collective pitch rudder angle is changed based
on the rudder angle command calculated based on the
deviation between the fed-back altitude and the altitude
command and the deviation between the fed-back alti-
tude change rate and the altitude change rate com-
mand, descending is performed, and if the rudder angle
command of a predetermined value or less continues
for a predetermined time, it is determined that the heli-
copterlands. Thus, an erroneous determination of land-
ing can be prevented and safe landing operation can be
ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

FIG. 1 is a block diagram to describe the configura-
tion of a flight control system according to an em-
bodiment of the invention;

FIG. 2 is a schematic drawing to describe the con-
figuration of an unmanned helicopter in the flight
control system according to the embodiment of the
invention;

FIG. 3 is a block diagram to describe altitude con-
trol, position control, and attitude control of the un-
manned helicopter in the flight control system ac-
cording to the embediment of the invention;

FIG. 4 is a schematic representation to describe au-
tomatic takeoff control for accomplishing the auto-
matic takeoff operation of theunmannedhelicopter
in the flight control system according to the embod-
iment of the invention; and

FIG. 5is a schematic representation to describe au-
tomatic landing control for accomplishing the auto-
matic landing operation of the unmannedhelicopter
in the flight control system according to the embod-
iment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Referring now to the accompanying drawings,
there is shown a preferred embodiment of the invention.
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[0037] In the embodiment, a flight control system in-
cluding an unmanned helicopter according to the inven-
tionwill be discussed. To begin with, the configuration of
a flight control system 1 according to the embodiment
will be discussed with FIGS. 1 and 2. FIG. 1 is a block
diagram to describe the configuration of the flight control
system 1. FIG. 2 is a schematic drawing to describe the
configuration of an unmanned helicopter 20 in the flight
control system 1.

[0038] The flight control system 1 according to the
embodiment includes a ground system made up of a
base station 10 and a radio control apparatus 14 in-
stalled on the ground and the unmanned helicopter 20
and performs operation control of the unmanned heli-
copter 20 based on a predetermined control command
transmitted from the radio control apparatus 14.

[0039] The base station 10 includes a base station
GPS receiver 11 for receiving a signal from a GPS (Glo-
bal Positioning System) satellite, a personal computer
(PC) 12 including a monitor for displaying the GPS re-
ception state, and a base station radio transmission unit
13 for transmitting differential information of the GPS to
the unmanned helicopter 20, as shown in FIG. 1. The
radio control apparatus 14 transmits a control command
such as a takeoff command entered by an operator to
the unmanned helicopter 20.

[0040] The unmanned helicopter 20 includes a flight
controller 21 for performing drive control of a rotor, etc.,
of an airframe for autonomously flying the unmanned
helicopter 20 based on a control command from the
ground and a previously stored control command, an
airframe GPS receiver 22 for receiving a signal from a
GPS satellite and detecting the position, the speed, the
altitude, etc., of the airframe, an intertial sensor 23 for
detecting the attitude angle and the angular speed of
the airframe, amagneticbearing sensor 24 for detecting
themagnetic bearing of the airframe, an airframe radio
transmission unit 25 for receiving differential information
of the GPS transmitted from the base station radio trans-
mission unit 13, a command receiver 26 for receiving a
takeoff start command, etc., transmitted from the radio
control apparatus 14, an engine 27, arotor 28, awarning
light 29, etc., as shown in FIGS. 1 and 2.

[0041] The flight controller 21 is a microcomputer in-
cluding an arithmetic processing circuit, memory storing
various control programs and various pieces of informa-
tion required for flight control, and the like; it performs
drive control of the engine 27, thereby rotating the rotor
28 for producing upward thrust for moving up and down
the airframe.

[0042] The airframe GPS receiver 22, the intertial
sensor 23, the magnetic bearing sensor 24, and the
command receiver 26 are connected to the flight con-
troller 21, as shown in FIG. 1. The flight controller 21
controls the collective pitch rudder angle and the cyclic
pitch rudder angle of the rotor 28 for accomplishing pre-
determined flight control based on various pieces of da-
ta detected by the airframe GPS receiver 22, the intertial
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sensor 23, and the magnetic bearing sensor 24.
[0043] The airfframe GPS receiver 22 receives a sig-
nal from a GPS satellite through a GPS antenna 22a
and calculates position information. The airframe radio
transmission unit 25 receives differential information,
etc., from the base station radio transmission unit 13
through a radio transmission unit antenna 25a. The dif-
ferential information is used to correct the position infor-
mation calculated by the airframe GPS receiver 22. The
command receiver 26 receives a takeoff command, etc.,
from the radio control apparatus 14 through a command
reception antenna 26a. The warning light 29 installed in
the airframe blinks according to a preset blink pattern,
thereby informing the operator of the airframe state.
[0044] A predetermined control command transmitted
from the radio control apparatus 14 of the base station
10 is transmitted through the command reception an-
tenna 26a and the command receiver 26 to the flight
controller 21, which then accomplishes predetermined
flight control based on the control command, thereby
making it possible to remotely control the unmanned
helicopter 20.

[0045] Next,the automaticflight control function of the
flight controller 21 of the unmanned helicopter 20 in the
flight control system 1 according to the embodiment will
be discussed with FIG. 3. FIG. 3 is a block diagram to
describe altitude control, position control, and attitude
control of the airframe. The altitude control, position con-
trol, and attitude control are applied at the takeoff time
of the unmanned helicopter 20, at the autonomous flight
timebasedonpredeterminedflightpatiern data, and at
the landing time, but some control is suppressed in au-
tomatic takeoff and landing control operation described
later.

<Altitude control>

[0046] To begin with, the altitude control will be dis-
cussed. An altitude control program for accomplishing
the altitude control is stored in the memory of the flight
controller 21. When the arithmetic processing circuit of
the flight controller 21 executes the altitude control pro-
gram, the deviation between the airframe altitude de-
tected and fed back by the airframe GPS receiver 22
and an altitude command (altitude deviation), the inte-
gration value of the altitude deviation, and the deviation
between the fed-back airframe altitude change rate and
an altitude change rate command are calculated and the
calculation values are multiplied by a predetermined
gain and the results are added, whereby a collective
pitch rudder angle command of the airframe is calculat-
ed. This collective pitch rudder angle command is a rud-
der angle command in the invention.

[0047] The collective pitch rudder angle is controlled
in a rudder angle drive actuator based on the collective
pitch rudder angle command, whereby the altitude con-
trol of the airframe can be performed. That is, the altitude
control program and the arithmetic processing circuit of
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the flight controller 21 provide altitude control device in
the invention.

[0048] In the embodiment, a preset altitude change
rate command is integratedbythe integrator to calculate
an altitude command, whereby continuous and smooth
altitude control is realized, as shown in FIG. 3. The alti-
tude change rate command in the embodiment is set to
a constant value at the takeoff time, a value set based
on predetermined flight pattern data in the autonomous
flight mode, and a value as stepwise decreased accord-
ing to altitude data at the landing time. Setting of the
altitude change rate commands at the takeoff time and
the landing time is described later in detail.

<Position control and attitude control>

[0049] Next, the position control and the attitude con-
trol will be discussed. A position control program for ac-
complishing the position control is stored in the memory
of the flight controller 21. When the arithmetic process-
ing circuit of the flight controller 21 executes the position
control program, the deviation between the airframe po-
sition detected and fed back by the airframe GPS re-
ceiver 22 and the target position (position deviation) and
the integration value of the position deviation are calcu-
lated and the calculation values are multiplied by a pre-
determined gain and the results are added, whereby a
speed command in aterrestrial coordinate systemis cal-
culated. This speed command in the terrestrial coordi-
nate system is converted into a speed command in an
airframe coordinate system and the deviation between
the fed-back airframe speed and the speed command
in the airframe coordinate system is multiplied by a pre-
determined gain to calculate airframe attitude angle
commands (pitch angle command and roll angle com-
mand). The airframe bearing angle detected by the
magnetic bearing sensor 24 is used for coordinate con-
version from the terrestrial coordinates to the airframe
coordinates.

[0050] An attitude control program for accomplishing
the attitude control is stored in the memory of the flight
controller 21. When the arithmetic processing circuit of
the flight controller 21 executes the attitude control pro-
gram, the deviation between the airframe attitude an-
gles (pitch angle and roll angle) detected and fed back
by the intertial sensor 23 and the attitude angle com-
mands calculated by the position control program (atti-
tude angle deviation) and the integration value of the
attitude angle deviation are calculated and the calcula-
tion values are multiplied by a predetermined gain and
the results are added. Then, the fed-back airframe atti-
tude angle speed is subtracted from the addition result
to calculate a cyclic pitch rudder angle command of the
airframe.

[0051] The longitudinal cyclic pitch rudder angle and
the lateral cyclic pitch rudder angle are controlled in the
rudder angle drive actuator based on the cyclic pitch
rudder angle command, whereby the position control
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and the attitude control of the airframe can be per-
formed. That is, the position control program, the atti-
tude control program, and the arithmetic processing cir-
cuit of the flight controller 21 provide position control de-
vice and attitude control device in the invention.
[0052] In the flight control system 1 according to the
embodiment, backup remote control canbe performed.
That is, when the flight controller 21, etc., fails or to
change a speed command, the operator can transmit a
predetermined backup speed command from the radio
control apparatus 14 to calculate an attitude angle com-
mand. (See FIG. 3.)

[0053] Next, the automatic takeoff and landing control
function of the flight controller 21 of the unmanned hel-
icopter 20 in the flight control system 1 according to the
embodiment will be discussed with FIGS. 4 and 5. FIG.
4 is a schematic representation to describe automatic
takeoff control for accomplishing the automatic takeoff
operation of the airframe. FIG. 5 is a schematic repre-
sentation to describe automatic landing control for ac-
complishing the automatic landing operation of the air-
frame.

<Automatic takeoff control>

[0054] To begin with, the automatic takeoff control will
be discussed. A takeoff control program for accomplish-
ing predetermined automatic takeoff operation is stored
in the memory of the flight controller 21. Upon reception
of a takeoff start command from the radio control appa-
ratus 14, the arithmetic processing circuit of the flight
controller 21 executes the takeoffcontrolprogram. While
increasing the collective pitch rudder angle command at
a constant rate, thereby increasing the climb rate (alti-
tude change rate), the takeoff control program causes
the airframe to take off and climbs the airframe to a pre-
determined safe altitude.

[0055] The safe altitude, which is a first altitude in the
invention, refers to an altitude at which the airframe is
completely brought away from the ground and it is made
possible to apply usual altitude control rule. The safe
altitude can be set appropriately in response to the
weight of the airframe, the weather conditions, the
touchdown conditions, etc.; in the embodiment, an alti-
tude of "several 10 centimeters (preferred 30 - 60 cen-
timeters)" that can be reliably measured by differential
GPS (altitude and position measurement device) and is
sufficiently low is the safe altitude. The increase rate of
the collective pitch rudder angle command by the takeoff
control program can be set appropriately in response to
the weight of the airframe and the weather conditions.
[0056] As the takeoff control program is executed, the
airframe is caused to take off and can be climbed to the
safe altitude while the climb rate is increased at a con-
stant rate, so that the airframe can be promptly brought
away from the ground. Consequently, continuation of an
unstable state before the attitude of the airframe is sta-
bilized for a given time in the proximity of the ground can
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be circumvented and safety at the takeoff time can be
ensured.

[0057] The takeoff control program temporarily sup-
presses processing of the position control program and
the attitude control program while the airframe climbs to
the safe altitude. Specifically, as the takeoff control pro-
gram is executed, input to the integrator (not shown) in
the position control rule in FIG. 3 is set to zero and input
to the integrator (not shown) in the attitude control rule
in FIG. 3 is also set to zero.

[0058] As the takeoff control program is executed,
processing of the position control program and the atti-
tude control program is temporarily suppressed. Thus,
if the airframe is restrained by the friction between the
foot and the ground in the touchdown state and cannot
follow the attitude angle command, an excessive control
command can be prevented from being output for caus-
ing the airframe to topple over.

[0059] The takeoff control program and the arithmetic
processing circuit of the flight controller 21 described
above provide takeoff device in the invention. The step
of causing the airframe to take off and climbing the air-
frame to the safe altitude while increasing the climb rate
at a constant rate by executing the takeoff control pro-
gram is a first climbing step in the invention.

[0060] If the fact that the airframe arrives at the safe
altitude is measured by the airframe GPS receiver 22,
the arithmetic processing circuit of the flight controller
21 starts the altitude control program for starting
processing thereof and also restarts processing of the
position control program and the attitude control pro-
gram for performing altitude control, position control,
and attitude control. (See FIG. 4.)

[0061] When the altitude control program is started,
the value of the collective rudder angle command when
the airframe arrives at the safe altitude is used as the
initial value of the integrator (not shown) in the altitude
control rule in FIG. 3. In the embodiment, the altitude
change rate command (climb rate command) in the al-
titude control rule in FIG. 3 is made constant. Further,
the altitude change rate command is integrated by the
integrator shown in FIG. 3 to calculate an altitude com-
mand, and the initial value of the integrator is the safe
altitude (several 10 cm).

[0062] As the altitude control programis executed, the
airframe is climbed to a predetermined target climb al-
titude. (See FIG. 4.) The target climb altitude can be set
appropriately in response to the flight pattern. The step
of climbing the aitframe to the target climb altitude by
executingthe altitude control program is a second climb-
ing step in the invention. When the airframe is climbed
fromthe safe altitude to the target climb altitude, position
control is performed so as to hold the horizontal position
of the airframe at the point in time when the takeoff start
command is received.

[0063] If the airframe arrives at the target climb alti-
tude as the altitude control program is executed, the hel-
icopter hovers for a given time and then starts an auton-
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omous flight according to the flight pattern data previ-
ously stored in the memory of the flight controller 21.

<Automatic landing control>

[0064] Next, the automatic landing control will be dis-
cussed. A landing control program for accomplishing
predetermined landing operation is stored in the mem-
ory of the flight controller 21. After the termination of au-
tonomous flight according to the predetermined flight
pattern data, the arithmetic processing circuit of the
flight controller 21 causes the aircraft to hover over a
predetermined landing target point for a given time and
then executes the landing control program.

[0065] The landing control program causes the air-
frame to descend from the hovering altitude while step-
wise decreasing the altitude change rate with lowering
of the airframe altitude. Specifically, as the landing con-
trol program is executed, a descent rate command (al-
titude change rate command) in the altitude control
shown in FIG. 3 is stepwise decreased with lowering of
the airframe altitude. (See FIG. 5.)

[0066] The mode of change in the descent rate com-
mandwith lowering of the airframe altitude can be deter-
mined appropriately in response to the airframe weight
and the weather conditions. In the embodiment, the de-
scent rate command is smoothly changed by a rate lim-
iter. The descent rate command is integrated by the in-
tegrator shown in FIG. 3 to calculate an altitude com-
mand.

[0067] Inthe embodiment, as the landing control pro-
gram is executed, the airframe is caused to descend
while the descent rate command is decreased from the
hovering altitude to the target descent altitude. (See
FIG. 5.) This step is afirst descent step in the invention
and the target descent altitude is a second altitude in
the invention. As the landing control program is execut-
ed, the airframe is caused to descend at a descent rate
smaller than the descent rate in the first descent step
from the target descent altitude to the ground. This step
is a seconddescent step in the invention. As the landing
control program is executed, the descending speed at
the landing time can be lessened sufficiently. Conse-
quently, safety at the landing time can be ensured.
[0068] In the first descent step and the second de-
scent step, the arithmetic processing circuit of the flight
controller 21 also executes the position control program
and the attitude control program during execution of the
landing control program for performing the position con-
trol and the attitude control. As the position control and
the attitude control are performed, the airframe can be
caused to descend toward the landing target position.
[0069] If the fact that the airframe descends and ar-
rives at the target descent altitude is measured by the
airframe GPS receiver 22, the landing control program
temporarily suppresses processing of the position con-
trol program and the attitude control program from the
target descent altitude arrival point in time to the landing
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pointin time. Specifically, as the landing control program
is executed, the integrator (not shown) in the position
control rule in FIG. 3 is fixed and the integrator (not
shown) in the attitude control rule in FIG. 3 is also fixed
from the target descent altitude arrival point in time to
the landing point in time. That is, outputs of the integra-
tors (not shown) are set to constant values.

[0070] As the landing control program is executed,
processing of the position control program and the atti-
tude control program is temporarily suppressed fromthe
target descent altitude arrival point in time to the landing
point in time. Thus, if the airframe is restrained by the
friction between the airframe and the ground just before
landing and cannot follow the attitude angle command,
an excessive control command can be prevented from
being output for causing the airframe to topple over.
[0071] The landingcontrol program and the arithmetic
processing circuit of the flight controller 21 described
above provide descent device in the invention.

[0072] A landing determination program for accom-
plishing predetermined landing determination process-
ing when the helicopter arrives at the target descent al-
titude is stored in the memory of the flight controller 21.
When the arithmetic processing circuit of the flight con-
troller 21 executes the landing determination program,
whether or not the helicopter lands can be determined
by the collective pitch rudder angle command calculated
by executing the altitude control program.

[0073] A landing determination technique of the land-
ing determination program will be discussed specifically.
In the altitude control program, the altitude change rate
command (descent rate command) is integrated by the
integrator shown in FIG. 3, thereby calculating an alti-
tude command. Thus, the altitude command gradually
decreases and shifts from a positive value (namely,
ground) to a negative value (namely, underground). In
contrast, when the airframe lands, the fed-back altitude
data remains zero and does not change.

[0074] Consequently, the deviation between the fed-
back altitude data and the altitude command value grad-
ually grows in the negative direction and therefore the
value of the collective pitch rudder angle command out-
put to correct the deviation in the negative direction
gradually lessens and soon becomes 0 degrees. The
landing determination program monitors the collective
pitch rudder angle command and if the collective pitch
rudder angle command of a predetermined value or less
continues for a predetermined time, the landing deter-
mination program determines that the helicopter lands.
[0075] Hitherto, a technique of detecting the airframe
landing based on intertial sensor output of shock at the
touchdown time or a technique of detecting the airframe
landing by an electric switch installed in a foot is adopt-
ed; however, an erroneous determination of landing al-
though the helicopter is still flying may be made accord-
ing to the techniques in the related arts. In contrast, in
the embodiment, the landing determination program is
executed and monitors the collective pitch rudder angle
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command, thereby determining whether or not the hel
icopterlands. Thus, an erroneous determination of land-
ing can be prevented and safe landing operation can be
ensured.

[0076] The landing determination program and the
arithmetic processing circuit of the flight controller 21 de-
scribed above provide landing determination device in
the invention.

[0077] Next, the operation of the operator to accom-
plish the automatic takeoff and landing control operation
of the flight control system 1 according to the embodi-
ment will be discussed.

<At takeoff time>

[0078] To begin with, the operator installs an antenna
of the base station GPS receiver 11 at a point whose
accurate coordinates are known (already known coor-
dinate point). Next, the operator turns on power of the
base station GPS receiver 11, the PC 12, and the base
station radio transmission unit 13 and then enters the
coordinates of the already known coordinate pointin the
base station GPS receiver 11 and starts GPS computa-
tion. Subsequently, the operator staris to transmit differ-
entialinformation bythe base station radio transmission
unit 13.

[0079] Then, the operator installs the unmanned hel-
icopter 20 at a predetermined takeoff point. Next, the
operator operates a predetermined switch installed in
the airframe of the helicopter 20 to turn on power of in-
stalled machines. The operator waits until differential in-
formation data transmission is established between the
airframe GPS receiver 22 and the base station GPS re-
ceiver 11 and GPS computation is started in the airframe
GPS receiver 22. Aside from the described operation,
the operator starts the engine 27 of the unmanned hel-
icopter 20 and warms up the engine 27 as required. Sub-
sequently, the operator enters a takeoff start command
by operating a switch of the radio control apparatus 14.
As the described operation is performed, the automatic
takeoff control operation described above is accom-
plished by the flight controller 21 of the unmanned hel-
icopter 20.

<At landing time>

[0080] Since the automatic landing control operation
described above is accomplishedby the flight controller
21 of the unmanned helicopter 20, the operator need
not perform any operation until completion of landing of
the airframe. After completion of landing of the airframe,
the operator checks engine sound, warning light indica-
tion, and the like to ensure that the engine 27 enters an
idle state, and enters an engine stop command by op-
erating a switch of the radio control apparatus 14. After
the rotor 28 of the unmanned helicopter 20 stops, the
operator operates a predetermined switch installed in
the airframe to shut off the power of the installed ma-
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chines. After this, the operator shuts off the power of the
machines in the base station 10 (base station GPS re-
ceiver 11, PC 12, and base station radio transmission
unit 13).

[0081] The unmanned helicopter 20 in the flight con-
trol system 1 according to the embodiment described
above includes the takeoff device (takeoff control pro-
gram and arithmetic processing circuit) for causing the
airframe to take off and climbing the airframe to the safe
altitude while increasing the climb rate at a constant rate
upon reception of the takeoff start command from the
radio control apparatus 14, so that the airframe can be
promptly brought away from the ground. Consequently,
continuation of an unstable state before the attitude of
the airframe is stabilized for a given time in the proximity
of the ground can be circumvented and safety at the
takeoff time can be ensured.

[0082] Upon reception of the takeoff start command
from the radio control apparatus 14, the takeoff device
(takeoff control program and arithmetic processing cir-
cuit) temporarily suppressestheposition controlandthe
attitude control. Thus, a situation in which an excessive
control command is output for causing the airframe to
topple over, etc., if the airframe is restrained by the fric-
tion between the foot and the ground in the touchdown
state and cannot follow the attitude angle command can
be prevented from occurring.

[0083] The unmanned helicopter 20 in the flight con-
trol system 1 according to the embodiment includes the
descending device (landing control program and arith-
metic processing circuit) for causing the airframe to de-
scend from the hovering altitude while stepwise de-
creasing the descent rate command with lowering of the
airframe altitude, so that the descending speed at the
landing time can be sufficiently lessened while the re-
quired time from start of descent to landing is shortened
as much as possible. Consequently, safety at the land-
ing time can be ensured.

[0084] The descending device (landing control pro-
gram and arithmetic processing circuit) temporarily sup-
presses the position control and the attitude controlfrom
the target descent altitude arrival point in time to the
landing point in time. Thus, if the airframe is restrained
by the friction between the airframe and the ground just
before landing and cannot follow the attitude angle com-
mand, an excessive conirolcommand can be prevented
frombeing output for causing the airframe to topple over.
[0085] The unmanned helicopter 20 in the flight con-
trol system 1 according to the embodiment includes the
landing determination device (landing determination
program and arithmetic processing circuit) for determin-
ing whether or not the helicopter lands based on the col-
lective pitch rudder angle command, so that an errone-
ous determination of landing can be prevented and safe
landing operation can be ensured.

[0086] Moreover, the takeoff control program and the
landing control program installed in the unmanned hel-
icopter 20 control the operation timings of the altitude
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control program, the position control program, and the
attitude control program used previously and the behav-
ior of the integrators, so that the software configuration
is comparatively simple. Special high-accurate sensors
for measuring the altitude and the descending speed in
the proximity of the ground need not be installed in the
airframe and a commercially available general-purpose
differential GPS can be installed for controlling the de-
scending speed at the landing time to sufficiently small
speed. Consequently, an increase in the airframe price
can be suppressed.

[0087] Accordingtotheinvention asin the firstaspect,
the takeoff device causes the airframe to take off and
climbs the airframe to the first altitude while increasing
the collective pitch rudder angle without performing the
altitude control, so that the airfframe can be promptly
brought away from the ground. Consequently, safety at
the takeoff time can be ensured. Since the takeof f de-
vice controls the operation timing of the altitude control
device used previously, the software configuration is
comparatively simple. Consequently, an increase in the
airframe price can be suppressed.

[0088] Accordingtothe invention as in the second as-
pect, the takeoff device suppresses the position control
and the attitude control when climbing the airframe to
the first altitude. Thus, an excessive control command
is not output with the airframe restrained in the touch-
down state, so that the airframe can be prevented from
toppling over, etc.

[0089] According to the invention as in the third as-
pect, the descending device causes the airframe to de-
scend to the second altitude while changing the descent
rate and causes the airframe to descend from the sec-
ond altitude to the ground at a descent rate smaller than
the descent rate to the second altitude, so that the de-
scending speed at the landing time can be lessened suf-
ficiently. Consequently, safety at the landing time can be
ensured. Since the descending device performs control
related to the descent rate command of the altitude con-
trol device used previously, the software configuration
is comparatively simple. Special high-accurate sensors
for measuring the altitude and the descending speed in
the proximity of the ground need not be installed in the
airframe and a commercially available general-purpose
differential GPS can be installed for controlling the de-
scending speed at the landing time to sufficiently small
speed. Consequently, an,increase in the airframe price
can be suppressed.

[0090] According to the invention as in the forth as-
pect, the descending device suppresses the position
control and the attitude control when causing the air-
frame to descend from the second altitude to the ground.
Thus, an excessive control command is not output with
the airframe restrainedafter landing, so that the airframe
can be prevented from toppling over, etc.

[0091] Accordingtotheinvention asin the fifth aspect,
the landing determination device determines that theair-
framelands if the rudder angle command of a predeter-
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mined value or less continues for a predetermined time,
so that an erroneous determination of landing can be
prevented and safe landing operation can be ensured.
[0092] According to the invention as in the sixth as-
pect, the takeoff method includes the first climbing step
of climbing to the first altitude while increasing the climb
rate without performing altitude control, so that the air-
frame is promptly brought away from the ground, and
safety at the takeoff time can be ensured.

[0093] Accordingtotheinvention as inthe seventh as-
pect, when the airframe climbs to the first altitude, posi-
tion control of the airframe on the horizontal plane and
attitude control of the airframe are suppressed. Thus,
an excessive control command is not output with the air-
frame restrained in the touchdown state, so that the air-
frame can be prevented from toppling over, etc.

[0094] According to the invention as in the eighth as-
pect, the landing method includes the first descending
step of stepwise decreasing the descent rate and de-
scending to the second altitude; and the second de-
scending step of descending from the second altitude
to the ground at a descent rate smaller than the descent
rate in the first step, so that the descending speed at the
landing time can be lessened sufficiently. Consequently,
safety at the landing time can be ensured.

[0095] According to the invention as in the ninth as-
pect, when the airframe descends from the second alti-
tude to the ground, position control of the airframe on
the horizontal plane and attitude control are sup-
pressed. Thus, an excessive control command is not
output with the airframe restrained after landing, so that
the airframe can be prevented from toppling over, etc.

[0096] According to the invention as in the tenth as-
pect, the collective pitch rudder angle is changed based
on the rudder angle command calculated based on the
deviation between the fed-back altitude and the altitude
command and the like, descending is performed, and if
the rudder angle command of a predetermined value or
less continues for a predeterminedtime, itis determined
that the helicopter lands. Thus, an erroneous determi-
nation of landing can be prevented and safe landing op-
eration can be ensured.

Claims

1. An unmanned helicopter for making a flight auton-
omously, the unmanned helicopter comprising:

altitude control device for giving a command of
a collective pitch rudder angle based on the de-
viation between a fed-back altitude and an alti-
tude command and the deviation between a
fed-back climb rate and a climb rate command;
position control device for performing position
control based on the deviation between a fed-
back position and a position command with re-
spect to a horizontal position and the deviation
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between fed-back speed and a speed com-
mand;

attitude control device for performing attitude
control of an airframe based on the deviation
between a fed-back attitude angle and an atti-
tude angle command; and

takeoff device, upon reception of a takeoff start
command from the ground, for causing the air-
frame to take off and climbing the airfframe to a
first altitude while increasing the collective pitch
rudder angle without performing the altitude
control of the altitude control device and then
causing the altitude control device to start the
altitude control.

2. The unmanned helicopter as in claim 1, wherein
the takeoff device suppresses the position
control and the attitude control, when climbing the
airframe to the first altitude.

3. Anunmanned helicopter for making a flight auton-
omously, the unmanned helicopter comprising:

altitude control device for controlling a collec-
tive pitch rudder angle based on a rudder angle
command calculated based on the deviation
between a fed-back altitude and an altitude
command and the deviation between a fed-
back descent rate and a descent rate com-
mand;

position control device for performing position
control based on the deviation between a fed-
back position and a position command with re-
spect to a horizontal position and the deviation
between fed-back speed and a speed com-
mand;

attitude control device for performing attitude
control of an airframe based on the deviation
between a fed-back attitude angle and an atti-
tude angle command; and

descending device for stepwise changing de-
scent rate command of the altitude control de-
vice for causing the airframe to descend to a
second altitude and giving a descent rate com-
mand smaller than the descent rate command
to the second altitude to the altitude control de-
vice for causing the airframe to descend from
the second altitude to the ground.

4. The unmanned helicopter as in claim 3, wherein
the takeoff device suppresses the position
control and the attitude control, when causing the
airframe to descend from the second altitude to the
ground.

5. Theunmanned helicopterasinclaim3, furthercom-
prising:



6.

7.

9.

10.
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landing determination device for determining
that the airframe lands if the rudder angle com-
mand which is less than a predetermined value
continues for a predetermined time.

A takeoff method of an unmanned helicopter com-
prising:

afirst climbing step of climbing to a first altitude
while increasing a climb rate without performing
altitude control; and

a second climbing step of climbing while per-
forming altitude control from the first altitude.

The takeoff method of an unmanned helicopter as
in claim 8, wherein

position control of an airframe on a horizontal
plane and attitude control of the airframe are sup-
pressed in the first climbing step.

A landing method of an unmanned helicopter com-
prising:

a first descending step of stepwise decreasing
a descent rate and descending to a second al-
titude; and

a second descending step of descending from
the second altitude to the ground at a descent
rate smaller than the descent rate in the first
step.

The landing method of an unmanned helicopter as
in claim 8, wherein

position control of an airframe on a horizontal
plane and attitude control of the airframe are sup-
pressed in the second descending step.

A landing method of an unmanned helicopter com-
prising:

changing a collective pitch rudder angle based
on a rudder angle command calculated based
on the deviation between a fed-back altitude
and an altitude command and the deviation be-
tween a fed-back altitude change rate and an
altitude change rate command,

descending, and

determining that the helicopter lands, if the rud-
der angle command of a predetermined value
or less continues for a predetermined time.
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FIG. 4
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FIG. 5
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