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CONTROL APPARATUS FOR LEGGED MOBILE 
ROBOT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a control apparatus 
for controlling a legged mobile robot such as a biped 
Walking robot or the like. 

[0003] 2. Description of the Related Art 

[0004] Legged moving robots such as biped Walking 
robots Which have a plurality of joints, including hip, knee, 
and ankle joints, in their legs have one or more actuators 
such as electric motors or the like in the respective joints. 
The actuators are connected to a controller mounted in the 
torso of the robot and are directly controlled in a centraliZed 
fashion by the controller. 

[0005] Of those robot joints, the joints, such as the hip 
joints, near the proximal ends of the legs need to be 
combined With a large number of signal lines Which connect 
the actuators in the other joints, such as the knee and ankle 
joints, closer to the distal ends of the legs to the controller. 
It is rather difficult to neatly arrange those signal lines at the 
joints near the proximal ends of the legs. The actuators 
spaced relatively remotely from the controller, e.g., the 
actuators associated With the ankle joints, tend to malfunc 
tion due to noise introduced into the signal lines by Which 
those actuators are connected to the controller. 

[0006] To overcome the above draWbacks, the applicant of 
the present application has attempted to construct the fol 
loWing control system, i.e., the so-called distributed-pro 
cessing control system: 

[0007] Local controllers for controlling the operation of 
the respective actuators are positioned near the actuators, 
respectively, and connected to the respective actuators by 
signal lines. A central controller is mounted in the torso of 
the robot for sequentially generating command data to 
determine actions, speci?cally angular displacements or 
like, of the actuators corresponding to the local controllers. 
The central controller is connected to the local controllers by 
bus lines to transmit command data from the central con 
troller to the local controllers. The local controllers receive 
the command data, and control actual actions of the actua 
tors, e.g., energiZe the actuators, based on the command 
data. 

[0008] According to the above distributed-processing con 
trol system, since the local controllers are positioned near 
the actuators, signal lines betWeen the local controllers and 
the actuators can be arranged easily and protected against 
the entry of noise. Furthermore, because the local controllers 
control actual actions of the actuators, the number of com 
munication lines betWeen the local controllers and the 
central controller may be small, and hence those communi 
cation lines can be arranged easily. 

[0009] In the distributed-processing control system, each 
of the local controllers controls the operation of the corre 
sponding actuator based on command data successively 
supplied from the central controller. If a local controller fails 
to receive normal command data due to a disconnection of 
the communication line betWeen the local controller and the 
central controller, then the local controller fails to operate 
the actuator normally. 
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[0010] Upon such a failure, the leg of the robot malfunc 
tions, causing the robot to fall, damaging the robot itself or 
an object that is hit by the robot. Particularly, if the robot is 
a biped Walking robot, then the robot is highly likely to fall 
doWn When an actuator on a leg thereof fails to operate 
normally. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide a control apparatus for controlling a legged moving 
robot Which incorporates a distributed-processing control 
system, to prevent the robot from falling doWn as much as 
possible even When any of local controllers for controlling 
operation of actuators on the legs of the robot fails to receive 
normal command data from a central controller. 

[0012] To achieve the above object, there is provided in 
accordance With the present invention an apparatus for 
controlling a legged mobile robot having a plurality of 
actuators including at least actuators for moving legs 
thereof, comprising a plurality of local controllers disposed 
near and connected to the actuators, respectively, for con 
trolling operation of the actuators, and a central controller 
connected to the local controllers for sequentially generating 
command data for controlling the operation of the actuators 
controlled by the local controllers and sending the generated 
command data to the local controllers, each of the local 
controllers comprising memory means for storing the com 
mand data sent from the central controller to the each local 
controller for a predetermined period, and means for moni 
toring a reception status of the command data in the each 
local controller and, in the event of a reception failure of the 
command data, controlling operation of the actuator corre 
sponding to the each local controller based on the command 
data for the predetermined period in the past Which have 
been stored in the memory means. 

[0013] The memory means of each of the local controllers 
stores the command data for the predetermined period. 
When the local controller fails to receive normal command 
data from the central controller, i.e., suffers a reception 
failure, due to a disconnection of communication lines 
betWeen the local controllers and the central controller, the 
local controller can predict, to a certain eXtent, an action to 
be performed by the actuator based on the command data for 
the predetermined period in the past Which have been stored 
in the memory means. Consequently, in the event of a 
reception failure of the command data, the local controller 
controls operation of the actuator based on the stored 
command data for the predetermined period in the past to 
prevent the actuator from abruptly changing its action. As a 
result, the danger of the legged mobile robot to fall doWn is 
minimiZed. 

[0014] The apparatus for controlling the legged mobile 
robot particularly lends itself to controlling a biped Walking 
robot. 

[0015] Each of the local controllers may comprise means 
for, in the event of a reception failure of the command data, 
determining a function approximating a time-dependent 
change of the command data for the predetermined period in 
the past Which have been stored in the memory means, 
generating neW command data according to the determined 
function, and controlling operation of the actuator corre 
sponding to the each local controller based on the neW 
command data. 
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[0016] Accordingly, in the event of a reception failure of 
the command data, neW command data can be generated so 
as to predict normal command data to be received, depend 
ing on a time-dependent change of the command data for the 
predetermined period in the past Which have been stored in 
the memory means. Thus, the actuator is prevented from 
abruptly changing its action, and can appropriately be con 
trolled for desired operation. 

[0017] The above and other objects, features, and advan 
tages of the present invention Will become apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Which illustrate a preferred 
embodiment of the present invention by Way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a side elevational vieW of a legged 
moving robot, i.e., a biped Walking robot, according to the 
present invention; 

[0019] FIG. 2 is a block diagram of a control system 
incorporated in the robot shoWn in FIG. 1; 

[0020] FIG. 3 is a block diagram of a central controller of 
the control system shoWn in FIG. 2; 

[0021] FIG. 4 is a block diagram of a local controller for 
a motor of the control system shoWn in FIG. 2; and 

[0022] FIG. 5 is a block diagram of a local controller for 
a sensor of the control system shoWn in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] As shoWn in FIG. 1, a legged moving robot R 
according to the present invention is a biped Walking robot, 
and comprises a torso 2 With a head 1 mounted on an upper 
end thereof, a pair of legs 3 extending doWnWardly from a 
loWer end of the torso 2, and a pair of arms 4 extending 
laterally from opposite sides of an upper portion of the torso 
2. 

[0024] The legs 3 are identical in structure to each other, 
and only one of the legs 3 is illustrated in FIG. 1. Similarly, 
the arms 4 are identical in structure to each other, and only 
one of the arms 4 is illustrated in FIG. 1. 

[0025] Each of the legs 3 is coupled to the torso 3 by the 
hip joint 5, Which is coupled successively through the knee 
joint 6 and the ankle joint 7 to a foot 8. BetWeen the ankle 
joint 7 and the foot 8, there is interposed a 6-axis force 
sensor 9a for detecting an acting force, i.e., a translating 
force and a moment, that the foot 8 receives from the spot 
Where the foot 8 touches the ground. 

[0026] Similarly, each of the arms 4 is coupled to the torso 
3 by a shoulder joint 10, Which is coupled successively 
through an elboW joint 11, a Wrist joint 12, and a 6-axis force 
sensor 9b to a hand 13. 

[0027] Although not shoWn in FIG. 1, each of the joints 5 
- 7 of each of the legs 3 and the joints 10 - 12 of each of the 
arms 4 comprises one or more electric motors, i.e., actuators. 
For example, the hip joint 5, the knee joint 6, and the ankle 
joint 7 of each of the legs 3 comprise three electric motors, 
one electric motor, and tWo electric motors, respectively, so 
that the hip joint 5, the knee joint 6, and the ankle joint 7 
have three, one, and tWo degrees of freedom, respectively. 
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The shoulder joint 10, the elboW joint 11, and the Wrist joint 
12 of each of the arms 4 comprise three electric motors, one 
electric motor, and three electric motors, respectively, so that 
the shoulder joint 10, the elboW joint 11, and the Wrist joint 
12 have three, one, and three degrees of freedom, respec 
tively. 
[0028] The robot R has an imaging camera 14 mounted on 
the head 1 and functioning as an eye, and a gyroscopic 
sensor 9c and an acceleration sensor 9a' which are mounted 
in the torso 2 for detecting an attitude and a rate of change 
thereof of the torso 2. The imaging camera 14 can change its 
direction of vieW With an electric motor (not shoWn) 
mounted in the head 1. The electric motor combined With the 
imaging camera 14 and the other electric motors mounted in 
the legs 3 and the arms 4 are associated With respective 
rotary encoders (not shoWn in FIG. 1) for detecting angular 
displacements of the electric motors. 

[0029] The robot R incorporates a control system shoWn in 
FIG. 2. The 6-axis force sensors 9a, 9b, the gyroscopic 
sensor 9c, and the acceleration sensor 9d Will also collec 
tively be referred to as “sensors 9”. 

[0030] As shoWn in FIG. 2, the control system comprises 
a central controller 15, a plurality of local controllers 17 
(hereinafter referred to as “motor local controllers 17”) 
associated With respective electric motors 16 that are 
mounted in the legs 3, the arms 4, and the head 1 as 
described above, and a plurality of local controllers 18 
(hereinafter referred to as “sensor local controllers 18”) 
associated With the respective sensors 9. 

[0031] The central controller 15 is mounted in the torso 2 
as shoWn in FIG. 1. Each of the motor local controllers 17 
is positioned near the corresponding electric motor 16 and 
electrically connected to the electric motor 16 and a rotary 
encoder 19 attached to the electric motor 16. For example, 
the motor local controllers 17 Which correspond to the 
electric motors 16 of each of the hip joints 5 are disposed at 
the hip joint 5 and electrically connected to the electric 
motors 16 and rotary encoders 19 attached thereto by leads. 
The other motor local controllers 17 Which correspond to the 
other electric motors 16 are similarly disposed and electri 
cally connected. LikeWise, each of the sensor local control 
lers 17 is positioned near the corresponding sensor 9 and 
electrically connected to the sensor 9. The central controller 
15, the motor local controllers 17, and the sensor local 
controllers 18 are connected to each other by a buss line 20 
passing through locations Where those controllers 15, 17, 18 
are positioned, and send and receive various digital data via 
the bus line 20. 

[0032] The central controller 15 generate, in given control 
cycles, command data for angular displacements of the 
electric motors 16 to cause the robot R to make a desired 
action, e.g., a Walking or Working action, based on instruc 
tion data for a motion pattern of the robot R Which are given 
from a command unit (not shoWn) external to the robot R, 
data generated by a teaching process, detected data obtained 
by the sensors 9, image data captured by the imaging camera 
14, and data of operating states, e.g., actual angular dis 
placements, of the electric motors 16, and send the generated 
command data to the motor local controllers 17 via the bus 
line 20. 

[0033] As shoWn in FIG. 3, the central controller 15 
comprises a main processing unit 21 for generating com 
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mand data for angular displacements of the electric motors 
16, an internal communication processing unit 22 for per 
forming communications betWeen the motor local control 
lers 17 and the sensor local controllers 18 via the bus line 20, 
an image processing unit 23 for analyZing image data 
captured by the imaging camera 14, and an external com 
munication processing unit 24 for performing communica 
tions to and from the command unit external to the robot R. 
Each of these units 21, 22, 23, 24 comprises an electronic 
circuit including a CPU, a RAM, and a ROM. The units 21, 
22, 23, 24 can send data to and receive data from each other 
via a bus line 25 in the central controller 15. 

[0034] The external communication processing unit 24 
performs communications to and from the command unit 
external to the robot R via a radio link. 

[0035] Each of the motor local controllers 17 mainly 
functions to control actual operation of the corresponding 
electric motor 16 While exchanging command data for an 
angular displacement of the electric motor 16 and data of an 
actual motion, e.g., an actual angular displacement, of the 
electric motor 16, With the central controller 15. 

[0036] As shoWn in FIG. 4, each of the motor local 
controllers 17 comprises a communication circuit 26 for 
sending data to and receiving data from the central controller 
15 via the bus line 20, a CPU 27 for generating command 
data for a current to be supplied to the electric motor 16 
based on command data for an angular displacement of the 
electric motor 16 Which is supplied from the central con 
troller 15, monitoring communications With the central 
controller 15, and generating data to be sent to the central 
controller 15, a memory 28 (memory means) comprising a 
PAM and a ROM for storing various data and programs, a 
motor drive circuit 29 electrically connected to the electric 
motor 16, and a motor control circuit 30 for controlling 
energiZation and de-energiZation of the electric motor 16 via 
the motor drive circuit 29. The CPU 27 is supplied With data 
representing an actual angular displacement of the electric 
motor 16 from the rotary encoder 19 that is attached to the 
electric motor 16. Although not shoWn, the motor local 
controller 17 has a means for detecting a current supplied to 
the electric motor 16 and sending detected data to the motor 
control circuit 30. 

[0037] Each of the sensor local controllers 18 functions to 
read detected data from the corresponding sensor 9 and send 
the detected data to the central controller 15. As shoWn in 
FIG. 5, each of the sensor local controllers 18 comprises a 
communication circuit 31 for sending data to and receiving 
data from the central controller 15 via the bus line 20, an 
ampli?er 32 for amplifying an output signal from the sensor 
9, a CPU 34 for reading the ampli?ed output signal from the 
ampli?er 32 via an A/D converter 33 and monitoring com 
munications With the central controller 15, and a memory 35 
comprising a RAM and a ROM for storing various data and 
programs. 

[0038] The robot R has a circuit poWer supply battery (not 
shoWn) mounted in the torso 2 for energiZing the above 
circuits of the motor local controllers 17 and the sensor local 
controllers 18. The circuit poWer supply battery supplies 
electric energy via poWer supply lines to the motor local 
controllers 17 and the sensor local controllers 18. 

[0039] The robot R also has a motor poWer supply battery 
(not shoWn) mounted in the torso 2 for energiZing the 
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electric motors 16. The motor poWer supply battery supplies 
electric energy via poWer supply lines to the motor drive 
circuits 29 of the motor local controllers 17. 

[0040] Operation of the robot R Will be described beloW. 

[0041] First, a basic mode of operation Will be described 
beloW. The main processing unit 21 of the central controller 
15 generates, in given control cycles, command data for 
angular displacements (target angular displacements) of the 
electric motors 16 based on data generated by a teaching 
process, data of actual angular displacements of the electric 
motors Which are given from the motor local controllers 17 
and the sensor local controllers 18 as described later on, and 
detected data obtained by the sensors 9, etc. 

[0042] The internal communication processing unit 22 
then outputs, in each control cycle, the generated command 
data for angular displacements of the electric motors 16 and 
command data for the sensor local controllers 18, speci? 
cally command data for reading output signals from the 
sensors 9, to the bus line 20. 

[0043] At this time, predetermined identi?ers (ID codes) 
for the motor local controllers 17 corresponding to the 
respective electric motors 16 are assigned to the respective 
command data for angular displacements of the electric 
motors 16. Similarly, predetermined identi?ers (ID codes) 
for the sensor local controllers 18 are assigned to the 
respective command data for the sensor local controllers 18. 

[0044] The data thus outputted from the central controller 
15 to the bus line 20 are received by the CPUs 27 of the 
motor local controllers 17 via the communication circuits 26 
thereof and also received by the CPUs 34 of the sensor local 
controllers 18 via the communication circuits 31 thereof. 

[0045] In each of the motor local controllers 17, When the 
CPU 27 receives the command data With the identi?er 
corresponding to its oWn motor local controller 17, the CPU 
27 stores the detected data from the rotary encoder 19 at the 
time, i.e., the data of the actual angular displacement of the 
electric motor 16, in the memory 28. The CPU 27 also stores 
the supplied command data for an angular displacement of 
the electric motor 16 in the memory 28. The memory 28 
stores, in a time-series fashion, command data in a given 
number of control cycles in the past from the present time, 
i.e., a plurality of command data for a period corresponding 
to a predetermined number of control cycles. 

[0046] Then, the CPU 27 generates command data for a 
current to be supplied to the electric motor 16 based on the 
supplied command data for an angular displacement of the 
electric motor 16, and supplies the generated command data 
to the motor control circuit 30. The motor control circuit 30, 
While monitoring detected data of a current supplied to the 
electric motor 16, controls the motor drive circuit 29 to 
supply a current to the electric motor 16 based on the 
command data given from the CPU 27. 

[0047] The electric motors 16 are thus controlled based on 
the command data for angular displacements that are sup 
plied from the central controller 15 to the motor local 
controllers 17 corresponding to the electric motors 16. 

[0048] After having thus controlled the electric motor 16, 
the CPU 27 of each of the motor local controllers 17 outputs 
the data of the actual angular displacement of the electric 
motor 16, Which is stored in the memory 28, via the 
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communication circuit 26 to the bus line 20 for transmission 
to the central controller 15. To the data, there is assigned the 
identi?er of the motor local controller 17 Which outputs the 
data. 

[0049] When each of the sensor local controllers 18 
receives command data to Which the identi?er of the sensor 
local controller 18 is assigned, the sensor local controller 
reads the output signal (detected signal) from the sensor 9 at 
the time via the ampli?er 32 and the A/D converter 33, stores 
the detected signal in the memory 35, and then outputs the 
detected signal via the communication circuit 31 to the bus 
line 20 for transmission to the central controller 15. To the 
data outputted to the bus line 20, i.e., the detected signal 
from the sensor 9, there is assigned the identi?er of the 
sensor local controller 18. 

[0050] The data thus outputted from the motor local 
controllers 17 and the sensor local controllers 18 to the bus 
line 20 are received, in the same order that they are outputted 
to the bus line 20, by the internal communication processing 
unit 22 of the central controller 15, and stored in a memory 
(not shoWn). In a neXt cycle, the main processing unit 21 
uses the stored data in order to generate command data for 
angular displacements of the electric motors 16. 

[0051] The basic mode of operation of the robot R has 
been described above. 

[0052] The CPU 27 of each of the motor local controllers 
17 monitors a reception status of command data for an 
angular displacement from the central controller 15. If the 
CPU 27, after having received command data in a preceding 
control cycle, fails to receive neW command data addressed 
to its oWn motor local controller 17 upon elapse of the period 
of the preceding control cycle, or recogniZes an error in 
received command data, e.g., a parity-bit data error, then the 
CPU 27 performs the folloWing control process: 

[0053] The CPU 27 reads the command data in the past, 
i.e., the command data prior to the preceding cycle, Which 
have been stored in a time-series fashion in the memory 28, 
and predicts command data in the present control cycle from 
the read command data. Then, the CPU 27 controls the 
motor control circuit 30 and the motor drive circuit 29 to 
energiZe the electric motor 16 based on the predicted com 
mand data in the same manner as in the basic mode of 
operation. 
[0054] The CPU 27 predicts command data in the present 
control cycle as folloWs: The CPU 27 determines a function, 
e.g., a quadratic function, representing a time-dependent 
change of the command data for the angular displacements 
of the electric motor 16 from the past command data 
according to a method of minimum squares, for eXample, 
and predicts command data in the present control cycle 
according to the function. 

[0055] Since the CPU 27 controls the electric motor 16 
using the command data thus predicted, the electric motor 16 
and hence the robot R are prevented from abruptly changing 
their action even if the bus line 20 suffers a disconnection 
and the motor local controller 17 is unable to receive normal 
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command data. Because the electric motors 16 mounted 
particularly in the legs 3 are prevented from abruptly chang 
ing their action, the robot R is prevented from falling and 
hence damaging the robot R itself or an object that Would 
otherWise be hit by the robot R. 

[0056] In the above embodiment, the distributed-process 
ing control system has been constructed Which includes the 
motor local controllers 17 associated With all the electric 
motors 16 of the robot R. HoWever, only the electric motors 
16 mounted in the legs 3 may be associated With respective 
motor local controllers 17, and the other electric motors 16 
mounted in the arms 4 may directly be controlled by the 
central controller 15 or another separate controller. 

[0057] Although a certain preferred embodiment of the 
present invention has been shoWn and described in detail, it 
should be understood that various changes and modi?ca 
tions may be made therein Without departing from the scope 
of the appended claims. 

What is claimed is: 
1. An apparatus for controlling a legged mobile robot 

having a plurality of actuators including at least actuators for 
moving legs thereof, comprising: 

a plurality of local controllers disposed near and con 
nected to the actuators, respectively, for controlling 
operation of the actuators; and 

a central controller connected to said local controllers for 
sequentially generating command data for controlling 
the operation of the actuators controlled by said local 
controllers and sending the generated command data to 
said local controllers; 

each of said local controllers comprising: 

memory means for storing said command data sent 
from said central controller to said each local con 
troller for a predetermined period; and 

means for monitoring a reception status of said com 
mand data in said each local controller and, in the 
event of a reception failure of the command data, 
controlling operation of the actuator corresponding 
to said each local controller based on said command 
data for said predetermined period in the past Which 
have been stored in said memory means. 

2. An apparatus according to claim 1, Wherein each of said 
local controllers comprises: 

means for, in the event of a reception failure of the 
command data, determining a function approximating a 
time-dependent change of said command data for said 
predetermined period in the past Which have been 
stored in said memory means, generating neW com 
mand data according to the determined function, and 
controlling operation of the actuator corresponding to 
said each local controller based on said neW command 
data. 


