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(57) ABSTRACT 

An apparatus that is capable of achieving Self-stabilization 
while walking comprises two front legs and two rear legs 
with each leg having three joints including a hip joint, an 
upper leg joint, and a lower leg joint. Each joint is powered 
by a motor and is monitored by an encoder, totaling twelve 
of each for the entire apparatus. Stability is maintained by 
adding weight to the two front legs and by positioning a 
Separate weight toward the front and middle of the appara 
tus, thereby moving the center of balance of the apparatus 
further within the Stability envelope of the apparatus. AS a 
result, the apparatus maintains its Stability by itself without 
the need for additional CPUs. The apparatus also includes 
an animation motor that is capable of causing the apparatus 
to make non-ambulatory movement and a cartridge Slot 
which allows the user to download new programming which 
facilitates new behavior being exhibited by the apparatus. 
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SELF-STABILIZING WALKINGAPPARATUS THAT 
IS CAPABLE OF BEING REPROGRAMMIED OR 

PUPPETEERED 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims benefit of U.S. Provisional 
Application No. 60/203,042, filed May 9, 2000. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The invention relates to self-stabilizing walking 
platforms that can be reprogrammed and, more particularly, 
to a Self-Stabilizing quadruped walking platform that can be 
controlled in a fashion allowing flexible user programming 
and operation. 
0004 2. Description of the Related Art 
0005 There are numerous examples in the prior art of 
walking quadruped devises that try to walk in a fashion that 
is Similar to four-legged animals. Many of these devices use 
twelve motors with three used in conjunction with each limb 
and a gyroscope. The first of these motors controls the 
motion of the hip joint of the limb, the second motor controls 
the upper leg joint of the limb, while the third and final 
motor of the limb controls the knee joint. All four limbs and 
the motors associated therewith are controlled by a Separate 
CPU and servo for each motor which communicate with 
each other and the gyroscope and adjust the movement and 
timing of the limbs so that these devises can walk. These 
devices can walk in a forward direction, in a reverse 
direction, or turn, all as determined by the coordination of 
the CPUs. As a result, Such an apparatus can mimic Some 
of the basic movements of a canine or other quadrupedal 
animal. However, prior art devices are still unsatisfactory for 
three reasons. 

0006. One problem is that these devices do not have 
enough Stability that is incorporated into their structural 
elements to provide Self-stabilization. In order to overcome 
this limitation, they rely on the communication and coordi 
nation of multiple CPU's that are capable of handling at least 
thirty-five million instructions per Second, Servos, and a 
gyroscope to maintain balance by making Sure that their 
center of balance does not fall outside of their stability 
envelope while they are walking. The large number of 
CPU's with a high computing power, the gyroscope, and 
Servos increase the overall cost of these devices signifi 
cantly. This can be cost prohibitive in the robotics and toy 
fields where amateurs wish to have a walking device that can 
mimic the motion of animals but cannot afford to pay the 
price that is currently associated there with. Accordingly, 
there exists a need for a walking apparatus that can maintain 
stability in a manner that does not require multiple CPU's 
and is more cost effective than found in the prior art. 
0007 Another problem with these devises is that they 
lack the ability to alter the way they move because they are 
rigidly preprogrammed to act a certain way. This leaves 
these devices incapable of adapting to their environment and 
altering their response to Stimuli and obstacles found 
therein. This can be disadvantageous in toy applications 
where the user may grow tired of having the apparatus 
behave in an identical fashion every time the apparatus is 
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used. This may also be disadvantageous in robotics appli 
cations where the user may need the apparatus to move and 
act in different ways in order to achieve Some desired result 
Such as Solving a problem or gaining access to a remote area. 
Accordingly, there exists a need for a walking apparatus that 
can alter its behavior in a manner that is consistent with the 
needs and desires of the user while also maintaining its 
ability to adapt to its environment. 
0008. A third problem with these prior art devices is that 
they do not provide adequate means for the user to control 
them. Typically, these devices employ RF remote controllers 
as the Sole method by which the user can tell the apparatus 
how to move. These remote controllers often require the user 
to move a joystick in order to indicate to the CPU what 
direction the user wishes the apparatus to move. Although 
this method is Satisfactory for Simple movements in hori 
Zontal directions, it can be unwieldy if not impossible to use 
Such a remote controller to effectuate complex three dimen 
Sional movement that may not even be ambulatory in nature. 
Likewise, some devices use on board CPU's solely for 
control of the apparatus which prevents the user from 
directly determining the movement of that apparatus. These 
types of control can be disadvantageous in toy and robotics 
applications where the user may wish to make the apparatus 
Simulate unique and very precise movements in order to 
create Some desired end result. Accordingly, there exists a 
further need for a walking apparatus that has a Suitable 
means of control that can cause the apparatus to make 
precise three dimensional movements. 

SUMMARY OF THE INVENTION 

0009. In accordance with the present invention, a walking 
apparatus is provided that includes the ability to maintain 
stability by itself, the ability to be reprogrammed, and the 
ability to reproduce precise three dimensional movements. 
The combination of these features render the apparatus more 
like animals and at a lower cost than those devices found in 
the prior art. 

0010. One embodiment of the invention that is capable of 
maintaining Self-Stabilization comprises at least one motor 
within the apparatus that has a drive shaft extending there 
from for powering the apparatus, two front legs that are in 
communication with the motor that also have a pair of 
weights attached thereto, two rear legs that are also in 
communication with the motor, and a separate weight that is 
positioned toward the front of the apparatus. As a result of 
the distribution of these weights, the center of balance of the 
apparatus is moved toward the front of the apparatus. Hence, 
as the apparatus walks and lifts a rear leg, the center of 
balance is maintained within the resulting triangular shaped 
Stability envelope. Consequently, a described embodiment 
employs a Single information processor with a relatively low 
computing power and an encoder to control the movement 
of the apparatus and no gyroscope unlike prior art devices 
which need multiple information processors with a high 
computing power to keep track of the movement of all the 
legs to make Sure that the center of balance does not fall 
outside of the stability envelope. Furthermore, this embodi 
ment may include at least one animation motor that is used 
by the apparatus to achieve non-ambulatory movement. 

0011) Another embodiment of the present invention that 
is capable of being reprogrammed includes a cartridge Slot 
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into which an intermediate flash cartridge can be inserted. 
This feature allows the user to download new programming 
which can alter the way the apparatus moves or behaves. 
Thus, the apparatus could for example act like a dog and 
then be reprogrammed to act like a cat. This feature Solves 
the problem of the user getting tired of the apparatus 
exhibiting the same behavior repeatedly. In addition, games 
may be downloaded to the apparatus So that the user can play 
against the apparatus in games like tic, tac, toe. Finally, the 
cartridge Slot can be used to download improvements and fix 
bugs concerning the programming of the apparatus. This 
embodiment is also capable of remote diagnostics So that 
Someone other than the user who is more knowledgeable 
about the workings and programming of the apparatus can 
determine what is wrong with the apparatus and take the 
appropriate course of action. 
0012 Yet another embodiment of the present invention 
that is capable of reproducing precise three dimensional 
movements comprises an input apparatus which may be 
manipulated much as a puppeteer either manually or 
mechanically. The position of the legs as they are moved is 
detected by encoders that are located within the input 
apparatus and then is transmitted to the output apparatus 
whose information processor directs the legs of that appa 
ratus to mimic the position of the legs of the input apparatus 
in real time. Alternatively, the puppeteer may choose to 
record the movements of the input apparatus via computer 
which is hard wired to the input apparatus. Then the move 
ments and timing of the recording can be manipulated on the 
computer until the puppeteer is Satisfied With the end result. 
Next, the altered program may be downloaded to the output 
apparatus via the intermediate flash cartridge that is inserted 
into the cartridge slot, which is part of the output apparatus, 
and executed just as any other program. These features 
provide a way to control the output apparatus So precisely 
that it can reproduce three dimensional movements that are 
not possible to execute using traditional methods of control 
Such as a joystick remote control. 
0013 The various different embodiments that have been 
described may be powered electrically, chemically, by Solar 
power, etc. to cause any of their motors to turn and move the 
apparatus. It is also readily apparent to those skilled in the 
art that these features can be applied to walking devises that 
have fewer and more than four legs as well. AS can be seen, 
this invention provides a walking apparatus that can main 
tain Self-Stabilization, that can be reprogrammed, and that 
can reproduce precise three dimensional movements at a 
cost that is less than found in prior art devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is a perspective view of the rear portion of 
a quadrupedal and canine apparatus including the rump and 
right rear leg; 
0.015 FIG. 2 is a perspective view of the quadrupedal 
apparatus showing the location of the adjusted center of 
balance of the apparatus, 
0016 FIG. 3 is a right elevational view of the apparatus 
illustrating the adjustment of the center of balance of the 
apparatus, 

0017 FIG. 4 is a perspective view of the fixed right angle 
ankle of a leg of the apparatus, 
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0018 FIG. 5 is a perspective view of the apparatus 
showing the motors, LED eyes, and Speaker of the appara 
tuS, 

0019 FIG. 6 is a right elevational view of the apparatus 
showing the flexibility of the legs of the apparatus, 
0020 FIG. 7 is a perspective view of the apparatus 
showing the wiring between the motors and encoders of the 
right rear leg, 
0021 FIG. 8 is a shoulder joint encoder detail of the 
apparatus, 

0022 FIG. 9 is a knee joint encoder detail of the appa 
ratus, 

0023 FIG. 10 is a wiring detail of the encoders of the 
apparatus, 

0024 FIG. 11 is a wiring schematic of the connection 
between the microprocessor and the different encoders, 
0025 FIG. 12 is a walking motion chart showing the 
phase and Sequence of the legs during its turn on axis 
Sequence, 

0026 
ratus, 

0027 FIG. 14 is a animation chart that displays non 
ambulatory movement of the apparatus, 
0028 FIG. 15 is a perspective view of the external 
Sensors of the apparatus, 
0029 FIG. 16 is a perspective view of the apparatus 
interacting with a user using its voice recognition micro 
phone, 
0030 FIG. 17 is a perspective view of the apparatus 
using its triangulation microphones to find the origin of a 
Sound; 
0031 FIG. 18 is a perspective view of the apparatus 
using its passive light/motion Sensor, 
0032 FIG. 19 shows the apparatus locating and walking 
toward an active target; 
0033 FIG. 20 shows the apparatus locating and walking 
toward a passive object; 
0034 FIG. 21 is a perspective view of the apparatus 
using its wall detectors, 
0035 FIG.22 is a left side elevational view of the beam 
patterns of the apparatus, 
0036 FIG. 23 is a perspective view of the floor detection 
capability of the apparatus, 
0037 FIG. 24 is a top elevational view of the beam 
patterns of the apparatus, 

0038 FIG. 25 is a front elevational view of the beam 
patterns of the apparatus, 
0039 FIG. 26 shows how the CDS pet switch of the 
apparatus works, 

0040 FIG.27 shows how the nose touch switch, the head 
touch Switch, and the rump touch Switch work; 
0041 FIG. 28 is a perspective view of the internal 
Sensors of the apparatus, 

FIG. 13 is a waking Sequence chart of the appa 
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0042 FIG. 29 shows the purpose of the tilt and current 
Sensors of the apparatus, 
0.043 FIG. 30 is a system layout of the apparatus; 
0044 FIG. 31 is the top level flow chart for the appara 
tuS, 

004.5 FIG. 32 is the power on step of the top level 
flowchart for the apparatus, 
0046 FIG. 33 is the self test phase of the top level 
flowchart for the apparatus, 
0047 FIG. 34 is the scan inputs phase of the top level 
flowchart; 
0048 FIG. 35 is the prioritize input data step of the top 
level flowchart for the apparatus, 
0049 FIG. 36 is the stop activity phase of the top level 
flowchart for the apparatus, 
0050 FIG.37 is the apply correction step of the top level 
flowchart for the apparatus, 
0051 FIG. 38 is the inquiry phase where the apparatus 
checks to See if the remedy worked; 
0.052 FIG. 39 is the repeat step of the inquiry phase; 
0053 FIG. 40 is the special cry phase of the top level 
flowchart for the apparatus, 

0054 FIG. 41 is the repeat of the cry if the user does not 
assist the apparatus, 
0055 FIG. 42 is the slow activity step of the top level 
flowchart for the apparatus, 

0056 FIG. 43 is the seeking communications and 
recharge phase of the top level flowchart for the apparatus, 
0057 FIG. 44 is the system executive step of the top 
level flowchart for the apparatus, 
0.058 FIG. 45 is the output action phase of the top level 
flowchart for the apparatus, 
0059 FIG. 46 is the normal activity step of the top level 
flowchart for the apparatus, 
0060 FIG. 47 is the enable learning phase of the top 
level flowchart for the apparatus, 
0061 FIG. 48 is the personality engine step of the top 
level flowchart for the apparatus, 
0062 FIG. 49 is the sleep phase of the top level flowchart 
for the apparatus, 

0063 FIG. 50 is a perspective view of the apparatus 
showing its cartridge slot as well as its power connector; 
0.064 FIG. 51 is a perspective view of the apparatus as 

it approaches the charger Station; 

0065 FIG. 52 is a left side elevational view of the 
apparatus as it is docked with the charger Station; 
0.066 FIG. 53 is a top elevation view of the apparatus as 

it is docked with the charger Station; 
0067 FIG. 54 is a top elevation view of the beams 
emitted by the charger Station; 
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0068 FIG. 55 is a wiring schematic of the interface 
between the apparatus and the charger Station; 
0069 FIG. 56 is a chart showing examples of different 
programs that can be downloaded to the apparatus, 
0070 FIG. 57 is a perspective view of a puppeteering 
Scheme that can be computer edited; and 
0071 FIG. 58 is a perspective view of a puppeetering 
Scheme that can control the apparatus in real time. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0072 Referring to FIGS. 1-5 and 7, the preferred 
embodiment of the present invention is one that is quadru 
pedal and is fully canine. This embodiment comprises a 
body shell 70, a frame 72, two front legs 74 that are attached 
to the frame 72, and two rear legs 76 that are attached to the 
frame 72 with each leg having three movable joints includ 
ing a hip joint 78, an upper leg joint 80, and a knee joint 82. 
Attached to each of these joints is a motor and an encoder 
Such that each leg has a hip motor 84, a hip pot 86, an upper 
leg motor 88, an upper leg pot 90, a knee motor 92, and a 
knee pot 94. At the bottom of each leg is attached a foot 96 
that forms a fixed right angle joint 98 with the lower leg. In 
addition, the front two legs 74 have a pair of leg weights 100 
attached to them. This apparatus also includes a tail 104 that 
has a tail motor 106 attached thereto, a neck 108 that is 
attached to the front portion of the apparatus, and an 
enlarged head 110 that sits upon the neck 108 that has three 
head motors 112 attached thereto. The head 110 contains a 
pair of LED eyes 114 and a speaker 116 that is located near 
the rear of the mouth 118. This embodiment further com 
prises a microprocessor 120 that is contained within appa 
ratus and is wired to all these motors. All the motors and 
other components of this apparatus that need power are 
connected to a 10 V battery pack 122 that is located within 
the body shell 70 of the apparatus and is rechargeable. 
0073. These structural elements work together in the 
following manner. The leg weights 100 and the enlarged 
head 110 of the apparatus work in conjunction to move the 
center of balance 124 of the apparatus toward the front of the 
apparatus by way of a counter balancing moment Such that 
Sixty percent of the weight of the apparatus is Supported by 
the front legs 74 while only forty percent of the apparatus is 
Supported by the rear legs 76. It is preferred to use an 
enlarged head 110 because it eliminates the use of another 
Separate weight as it uses its distance from the body of the 
apparatus to provide Stability. As a result, the apparatus only 
needs one microprocessor 120 that has a computing power 
of roughly ten million instructions per Second to control its 
movement because numerous microprocessors with high 
computing power are not required to ensure that the center 
of balance 124 stays within the stability envelope of the 
apparatus 125. Consequently, as the apparatus walks the 
microprocessor 120 controls the motors which in turn con 
trol the motion of legs while at the same time the micro 
processor 120 monitors the position of the legs via the 
Signals Sent to it by the encoders. The multiple joints allow 
the apparatus more flexibility than many prior art devices So 
that the legs move at the joints just like those of a canine or 
other quadrupedal animal (see FIG. 6). As the apparatus 
walks it frequently will encounter a small obstacle. The fixed 
right angle ankle joints 98 allow the apparatus to Step over 
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these hurdles with no problem. Another unique feature of the 
preferred embodiment is that the gear trains that control the 
movement of the limbs are Self-locking. Hence, no power is 
needed to keep the apparatus erect when the apparatus is not 
moving unlike prior art devises. This results in prolonged 
battery pack 122 life. 

0074 FIGS. 7-10 show further details on how the encod 
ers of the apparatus work together. Each encoder provides a 
wire access slot 126 so that wires for encoders further down 
the leg can be connected. These wire access slots 126 are 
arcuate in shape and must have Sufficient circumference to 
ensure that as the knee joint 82, upper leg joint 80, and hip 
joint 78 rotate, these wires are not severed. Another useful 
aspect of the design of these encoderS is that they all use a 
one half bridge circuit with a common ground. As a result, 
each leg only requires Seven wires to operate, reducing the 
Space that the encoders take up in the leg allowing them to 
adequately fit. FIG. 11 shows how the microprocessor 120 
can monitor multiple leg joint encoderS virtually Simulta 
neously using an analog potentiometer multiplexer. 

0075. This combination of features also makes the appa 
ratus capable of walking, turning conventionally, and turn 
ing on axis. FIGS. 12 and 13 show the normal walking 
Sequence of the apparatus and how the legs of the right side 
are out of phase with the legs of the left side with a 
differential of one hundred and eighty degrees. The entire 
time that the apparatus is walking the center of balance 124 
is maintained within the stability of the envelope 125, even 
when that envelope is triangular shaped due to one rear leg 
being off the ground. In order to turn, all the microprocessor 
120 needs to do is to change the phase differential from one 
Side to the other by Speeding one side up or slowing the other 
side down. Once a phase differential of one hundred and 
eighty degrees has been restored, the apparatus will once 
again walk in a Straight line. In order for the apparatus to 
turn on its axis, all the microprocessor 120 needs to do is to 
create a ninety degree counter phase differential from the left 
to the right Side. Once again, the apparatus will walk Straight 
once a normal phase differential of one hundred and eighty 
degrees has been restored. 

0076) The purpose of the tail motor 106 is to make the 
apparatus capable of moving its tail 104, thereby allowing 
the apparatus to more closely mimic the behavior of a canine 
when it is excited or curious. Likewise, the three head 
motors 112 allow the dog to move its head 110 and open its 
mouth 118 (see FIG. 14) in order to facilitate interaction 
between the apparatus and its Surroundings while the LED 
eyes 114 and speaker 116 provide added realism to the 
apparatus by making the apparatus look and Sound like a real 
canine (see FIG. 5). The movement of the head 110, mouth 
118, tail 104, front legs 74, and rear legs 76 of the apparatus 
is powered by the rechargeable battery pack 122. 

0077 FIG. 15 shows that the preferred embodiment 
includes a plethora of Sensing devices to increase the appa 
ratus ability to monitor and react to its Surroundings. One 
Such device is the Voice recognition microphone 128 located 
within the head 110 of the apparatus. Also located within the 
head 110 and facing toward the front of the apparatus and 
peering through the facial visor 130 is a passive light/motion 
sensor 132 that comprises a tube 134 and CDS cell 136 (see 
FIG. 18). Yet another device consists of a series of three 
triangulation microphones 138 with one triangulation micro 
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phone 138 located near each front hip joint 78 and the third 
triangulation microphone 138 located near the tail 104 of the 
apparatus. In addition, a petting CDS 140 is located on the 
back of the apparatus just to the rear of the neck 108 while 
there is a nose touch Switch 142, a head touch Switch 144 
positioned on the top rear of the head 110, and a rump touch 
Switch 146 located on the back of the apparatus near the tail 
104. Finally, there is a multiplexed IR sensor 148 located in 
the middle of the chest of the apparatus that is facing toward 
the front of the apparatus. 
0078. The voice recognition microphone 128, as shown 
in FIG. 16, allows the user to give the apparatus commands 
in lieu of or in addition to other control means Such as 
remote RF control using a joystick. For instance, the user 
can tell the apparatus to walk, bark, turn, Stop, lie down, or 
sit down which will be picked up by the voice recognition 
microphone 128 which, in turn, Sends a Signal to the micro 
processor 120. Then the microprocessor 120 matches the 
Signal Sent by the Voice recognition microphone 128 to the 
appropriate Set of instructions that have been prepro 
grammed for that particular command. Those instructions 
are then Sent by the microprocessor 120 to the necessary 
components of the apparatus Such as the legs making the 
apparatus capable of obeying the command. In the alterna 
tive, the Voice recognition microphone 128 can be used to 
detect loud Sounds in the apparatus environment engender 
ing a typical canine response Such as hostility or fear using 
the same technique. It is preferable that the components that 
make up the Voice recognition microphone 128 enable it to 
pickup Sounds originating as close as Six inches and as far 
as five feet from the apparatus with an accuracy of ninety 
five percent or better to make Sure the apparatus can 
adequately mimic the acute hearing of a canine. 
0079 The triangulation microphones 138, as shown in 
FIG. 17, allow the apparatus to determine the origin of 
sounds by timing the differential of when the different 
microphones pick up the Sound. This feature is particularly 
advantageous in those Situations where the apparatus is not 
facing the origin of the Sound So that the other Sensors of the 
apparatus such as the multiplexed IR sensor 148 and the 
passive light/motion Sensor 132 are not able to detect the 
origin. As a result of having the triangulation microphones 
138, the apparatus can determine the vector of the origin and 
turn its head 110 or body until it faces the source when it can 
then decide whether to pursue the origin of the Sound. 
Accordingly, it is preferable that this apparatus can deter 
mine the direction of Sounds with an accuracy of plus or 
minus five degrees at a range of ten feet, rendering the 
apparatus more canine like than prior art devices. 
0080. The passive light/motion sensor 132, as shown in 
FIG. 18, and multiplexed IR sensor 148, as shown in FIG. 
15, work together to allow the apparatus to obtain a visual 
bearing on in its environment. In particular, the passive 
light/motion sensor 148 can detect whether it is day or night 
which, if the apparatus is properly programmed, may alter 
the way the apparatus behaves. For instance, the apparatus 
may sleep during the night and be more active during the 
day. In addition, the passive light/motion Sensor 132 can also 
determine if Something is moving within a narrow Zone. If 
So, the apparatus can turn until the beam emitted from the 
seeking portion 150 of the multiplexed IR sensor 148 hits the 
object and is detected by the multiplex IR sensor 148. Then 
the apparatus can effectively pursue the object regardless of 
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whether the object is a passive object 152 or active object 
154 (see FIGS. 19 and 20). In like fashion, two wall LEDs 
156, one facing to the left and the other facing to the right 
of the apparatus, send out beams such that if a wall 158 is 
present the beam will be reflected and detected by the 
multiplexed IR sensor 148 (see FIGS. 21 and 22). Conse 
quently, the apparatus can detect walls 158 and other tall 
obstructions and walk around them. Finally, the multiplexed 
sensor 148 also includes two floor LEDs 160, one facing 
down and to the left and the other facing down and to the 
right of the apparatus, Send out beams Such that if there is no 
floor 162 there will be no reflection (see FIGS. 23, 24, and 
25). Hence, the apparatus may detect chasms and avoid 
them. It is preferable that the wall beams and the floor beams 
be directed in a direction that is ten degrees to the left and 
right of the plane of Symmetry of the apparatus while the 
floor beams are also directed at an angle that is thirty-two 
degrees below horizontal. It is also preferable that the 
footprint of the floor beams from left to right be at least as 
wide as the walking footprint of the apparatus and that it be 
located approximately six inches from the front of the 
apparatus. These specifications ensure that there are no blind 
spots that are missed by the external Sensors of the apparatus 
and therefore provide for the best operating embodiment that 
has been contemplated. 
0.081 Turning to the petting CDS 140, nose touch Switch 
142, head touch switch 144, and rump touch switch 146, it 
can be seen that these Sensors allow the user to interact with 
the apparatus in a more intimate way than the previously 
discussed sensors do (see FIGS. 26 and 27). The petting 
CDS 140 comprises a CDS cell 136 that is capable of 
monitoring ambient light variations and patterns. Such that as 
the user Strokes or pets the apparatus the Sensor will detect 
the change of light as the user's hand blocks out light 
intermittently with each petting motion. In like fashion, the 
nose touch Switch 142, the head touch Switch 144, and the 
rump touch switch 146 allow the user to directly influence 
the behavior of the apparatus. For example, the apparatus 
may be programmed Such that these Switches act as a 
keyboard giving the apparatus instructions to Sleep, Sit, or 
play games depending upon the number and order of 
Switches pushed. Therefore, these features enhance the 
preferred embodiment's ability to act like a canine and 
interact with the user just like a real family pet does. Of 
course, it is possible that the type of Switches can be changed 
to all CDS style or all electromechanical depending on what 
type of application the apparatus is designed to Satisfy. 
0082 FIG. 28 and 29 also show additional internal 
Sensors of the apparatus other than the encoderS and their 
uses. One Such internal Sensor, which is located within the 
mid-region of the body shell 70 of the apparatus, is the 
current Sensor 164. This Sensor is capable of detecting when 
the apparatus becomes Stuck or entangled with Something in 
its environment Such that the apparatus can no longer make 
forward progreSS. Once this problem arises, the current 
Sensor Sends a Signal to the microprocessor 120 which, in 
turn, instructs the apparatus to reverse its direction until it is 
no longer entangled. The preferred embodiment of the 
current Sensor 164 comprises the microprocessor 120 moni 
toring the pulses of power exerted by the Servomotors which 
are attached to the different joint of the limbs. Pulses that 
consist of one hundred percent duty cycle and last for long 
periods of time indicate that apparatus is Stuck. Many pulses 
that consist of twenty percent of duty cycle, on the other 
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hand, indicate that the apparatus is not touching the ground. 
This is the preferred embodiment of the current sensor 164 
Simply because it requires no extra components. In the 
alternative, an ampere meter can be used to measure how 
much current the motors are drawing from the battery. A 
high level of current would indicate that the apparatus is 
Stuck while a low level would indicate that the apparatus is 
not touching the ground. 
0083. Another internal sensor, which is located within the 
mid-region of the body shell 70 of the apparatus, is the tilt 
Sensor 166 which is capable of detecting when the apparatus 
is laying on its side. The preferred embodiment of the tilt 
Sensor 166 comprises a ball bearing that contacts certain 
posts once the apparatus is on its Side, thereby Sending a 
signal to the microprocessor 120. When this happens, the 
microprocessor 120 then causes the speaker 116 of the 
apparatus to emanate a crying Sound in an attempt to coaX 
the user into righting the apparatus. If after a specified time 
the user does not right the apparatus, the apparatus will 
begin a Self-righting action by rotating the two legs nearest 
the ground in a direction that is parallel to the ground and 
away from the body. This motion will cause the apparatus to 
Stand upright again. AS can be seen, these internal Sensors 
make the apparatus more Self Sufficient and more canine like 
than other prior art devices. See FIG. 30 for a layout of the 
different Sensors and their connection to the microprocessor 
120. 

0084) Referring to FIG. 31, this embodiment of the 
invention is capable of Simulating different canine behaviors 
depending upon the stimuli found in its environment. This 
figure shows the top level flow chart for the apparatus. The 
first Step shown is the power on Step. Next, the apparatus 
performs a self test. Then the microprocessor 120 scans for 
the inputs mentioned above including the owner's voice, 
other Sound Sources, current, limb position, tilt, and reflec 
tions of infrared rays that have been bounced off objects in 
its environment Such as the floor 162 or walls 158. Other 
types of input include Signals generated by the nose touch 
Switch 142, petting CDS 140, head touch switch 144 and 
rump touch switch 146 all of which are locate along the back 
of the apparatus (see FIGS.26 and 27). The microprocessor 
120 prioritizes the data to determine what level of behavior 
is appropriate. 
0085. If there is no input, then the apparatus will simulate 
a sleep mode where there is no output. If the input level is 
low, then the apparatus exhibits a normal mode of behavior 
where it will Seek, Sit, wag its tail 104, Speak and look 
around like a dog normally does. If the input level is 
medium, then the apparatus will imitate a busy level of 
behavior where it is more active in the level of output it 
generates. However, if the input is high then the apparatus 
begins to behave in a manner that is consistent with the way 
a dog does when it is threatened. The apparatus then Stops 
its normal activity and applies an iterative proceSS where it 
tries to apply Some corrective action to remedy the problem. 
The problem could take the form of being confined in a tight 
area or being pinned down and unable to move. In Such 
Situations, the dog may even cry if it is unable to Solve the 
problem. As a result of this interaction between inputs, 
Software, and outputs of the apparatus, it can behave more 
like a canine than prior art devices. 
0086 FIG. 32 shows in more detail the steps contained 
within the power on step of the high level flowchart. The first 
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Step is power activation that is initiated either by the user or 
Some type of timer whether internal or external with respect 
to the apparatus. Next, the apparatus resets all Settings to 
their proper original values and begins to keep track of the 
battery time left before the apparatus needs to be recharged. 

0087 FIG. 33 shows the details of what the apparatus 
does during the self-test portion of the top level flow chart. 
During this step, the microprocessor 120 Systematically 
checks the Voice recognition microphone 128, the triangu 
lation microphones 138, limbs, current sensor 164, battery 
level, IR floor sensors 168, tilt sensor 166, etc. to make Sure 
that all Systems are functioning properly. If not, the appa 
ratus indicates a Soft fail until the problem is rectified. 
0088 FIG. 34 shows a logical sequence for scanning the 
inputs of the apparatus. First, the apparatus ascertains 
whether motors are turning. If not, the apparatus must 
determine what motion is appropriate and in what direction. 
This achieved by Scanning for voice input, other Sound 
input, or light input. Once the microprocessor has assimi 
lated this information, it causes the apparatus to move. At 
this time, the microprocessor 120 begins to Scan other Sensor 
inputs such as the floor sensors 168, the wall sensors 170, the 
battery charge timer, tiltsensor 166, seeker 150, etc. to make 
Sure that it can reach its objective whether it be an active 
object 154 or passive object 152 without becoming stymied 
by an obstruction or chasm. 

0089. Once the inputs have been obtained, FIG. 35 
shows how the apparatus prioritizes these inputs and deter 
mines what level of behavior is appropriate. The first three 
inputs that are considered is whether the apparatus is under 
current, tilted, or is blocked by a wall 158. If so, the 
apparatus chooses a high level of activity similar to how a 
canine behaves when it is frightened or threatened. If there 
are no positive indication concerning current, tilt, and wall 
158 presence, then the apparatus determines whether a floor 
162 is present or if the limbs of the apparatus are working 
properly. If either condition is negative, then the apparatus 
will exhibit a high level of activity. If both conditions are 
positive, then the apparatus further considers whether there 
is any other Stimuli in its environment Such as a voice, other 
Sound, or light variations. If any of these are present, then the 
apparatus exhibits a low level of activity. If none are present, 
then the apparatus will fall asleep. In this way, the preferred 
embodiment of the present invention is capable of varying 
its behavior like a canine does in a realistic manner. 

0090. In determining the appropriate behavior to exhibit, 
the preferred embodiment of the present invention uses a 
Stimuli accumulator that works as follows. Stimuli inputs 
Such as voice, pet, touch, and motion input are quantified by 
accumulating the number of occurrences of these inputs over 
a five minute period during which they occur. These inputs 
are termed interaction parameters and are assigned “A” as a 
variable, the value of which is the number as determined 
above. Similarly, the environment parameters include Sound 
inputs and light inputs and are assigned a variable “B”, the 
value of which is calculated in a Similar way as done for the 
interaction variables. Finally, the terrain parameters include 
floor, wall, tilt, and limb inputs and are assigned a variable 
“C”, the value of which is calculated in the same way as 
mentioned for both the environment and interaction param 
eters. Once the microprocessor 120 has determined these 
variables, it compares their values once a minute as shown 
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in Table 1 to decode what state the apparatus should exhibit 
whether it be Sad, happy, Sick, Sleepy, etc. It should be noted 
that Since there are more inputs being measured for variables 
“A” and “C” that this comparison is weighted, thus the 
apparatus is more likely to exhibit States Such as happy and 
hyper than Sleepy or sick just like a real canine. 

TABLE 1. 

MOOD DECODER TABLE 

STATES DECODE 

A=B + A=C SAD 
A=B + A-C HAPPY 
A=B + A&C HYPER 
A-B + A=C HAPPY 
A-B + A-C HAPPY 
A-B + A=C HYPER 
A&B + A=C SAD 
A&B + A-C SLEEPY 
A&B + A&C SICK 

0091) 

TABLE 2 

TYPES OF ACTIVITIES 

OBEY WAIT 
Response to Lower Power EXPLORE TALK 
User Input Activities Walk/Turn Make Noise 

Tricks Static Pose Locomotion Moods Status 
Interaction 
Some Moods Dynamic Pose Some Moods Annunciation 

of Moods 
Annunciation (Display Mood) Seeking? 
(Yes/No) Searching 

0092) 

TABLE 3 

PASSIVE STATE (NO USER INTERACTION) ACTIVITIES 
PERCENTAGE 

(user interaction by pressing the head switches for 5 sec forces 
obey mode for any mood, listening for obey will occur after the 

completion of the current activity) 
IF THE USERSAYS “STAY EXPLORE AND WALKING 

MODES ARE CANCELLED “COME RESTORES EXPLORE 

OBEY WAIT EXPLORE TALK 

HYPER 10% 50% 30% 10% 
HAPPY 50% 30% 10% 10% 
SAD 10% 70% 5% 15% 
SLEEPY 10% 70% 5% 15% 
SICK 5% 80% 1% 14% 

0093 Table 2 shows how these states of the apparatus 
correspond to the output behavior of the apparatus whether 
it be to obey, wait, explore, or talk. The apparatus executes 
a program depending on what State it is in. For example, the 
apparatus will wag its tail whenever it is hyper or happy. All 
non-ambulatory movements of the apparatus are controlled 
in this way. Table 3 shows how the apparatus apportions its 
behavior depending on the State of the apparatus when there 
is no user interaction. This is done based on a percentage of 
time displaying that type of behavior. For instance, if the 
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apparatus is determined to be sick under Table 1 and there 
is no user interaction, the apparatus will display a waiting 
type of behavior eighty percent of the time. Through this 
type of programming, the apparatus can effectively imple 
ment the high level flow chart as shown in FIG. 31. 
0094. When the apparatus decides that the appropriate 
response to Stimuli in its environment is to exhibit high level 
activity, the first step is to stop behavior as depicted in FIG. 
36. This includes disabling any motor outputs and generat 
ing the correct threat variables to be portrayed by the 
apparatus. Now that the apparatus has encountered a prob 
lem, it must Solve that problem in a Systematic way as shown 
in FIG. 37. First, the apparatus determines whether its limbs 
are in the correct position. If not, the apparatus must 
re-compute the position of its limbs, correct their position, 
and restore the proper limb walking Sequence. If the limbs 
are in their proper position, the apparatus decides whether it 
is under current, whether there is no floor 162, or whether 
there is a wall 158 present. If so, the apparatus takes 
corrective action Such as reversing its movement. If none of 
these problems are present, then the apparatus checks to See 
if it is on its Side or upside down. If it is on its Side, then it 
initiates the Self-righting action mentioned previously. If it is 
upside down, then all it can do is stop its limbs from moving. 
FIGS. 38 and 39 show that the apparatus then checks to see 
if the remedy worked and repeats this corrective action 
proceSS while modifying the remedy each time for a total of 
six times or until the remedy works. If the problem still 
exists, the apparatus makes a special cry for help that is 
produced by its speaker 116 which is then repeated if the 
user has not assisted the apparatus in resolving this issue (see 
FIGS. 40 and 41). 
0.095 On the other hand, when the apparatus decides 
based upon the inputs it receives from its environment that 
it is necessary to exhibit medium level activity, it will 
engage in the process of Seeking an object or charger Station 
172 as shown in FIGS. 42 and 43. If the apparatus encoun 
ters a wall 158, then this step is terminated. If the object is 
Something other than a wall 158, then the apparatus Scans 
the object to determine if there is data present. If there is no 
data present, then the apparatus concludes that it has found 
a passive object 152. If data is present, then the apparatus 
proceeds to decode the data. If there is an active object 154 
Such as another dog, then the apparatus Sends acknowledg 
ment to that dog. Finally, if the object is a charger Station 
172, then the apparatus Sends acknowledgment to that 
Station. 

0096) Next, the apparatus undergoes the system execu 
tive phase of the medium activity level proceSS as shown in 
FIG. 44. The apparatus proceeds to shut down all motors 
and charge its battery pack 122 and download data as both 
are available. Details on how the apparatus finds and mates 
with the charger station 172 as well as how it receives new 
programming will be discussed later. Finally, the apparatus 
begins to exhibit new behavior and animation that is in 
accord with the information that has been downloaded. FIG. 
45 shows the Steps the apparatus makes during this process. 

0097. In certain situations, the inputs the apparatus 
receives may be low, indicating that the apparatus should 
exhibit a normal level of activity. FIGS. 46 and 47 show 
that the apparatus will go into an enabled learning mode that 
includes processing different types of communication as 
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given by the user including verbal instructions and touching 
the different petting Sensors. From these signals, the appa 
ratus will display different Sets of behavior Such as good, 
bad, and protective. The apparatus also has a personality 
engine as shown in FIG. 48 where the apparatus actions are 
controlled by variables Such as mood, health, age, and 
intelligence. As a consequence of these programs, the appa 
ratus will behave leSS Statically than prior art devices and 
will act more like a real canine whose behavior changes as 
a result of life experience. 

0098. The last mode of behavior that the apparatus is 
capable of is the sleep mode. FIG. 49 shows that in this 
mode, which is brought about by a total lack of external 
Stimuli, the apparatus disables all outputs with a delay period 
of thirty Seconds. Then the apparatus checks to see if its 
current is running low or if the battery charge timer has 
expired. If the answer is yes to either question, the apparatus 
puts high current drawing devices to sleep and the apparatus 
keeps quiet during the night time. 

0099 Another highly advantageous feature of the pre 
ferred embodiment is that it can be reprogrammed. This is 
accomplished by way of an intermediate flash cartridge that 
can be inserted into the apparatus as shown by FIG. 50. It 
is preferable that this cartridge slot 174 be fifty-six K modem 
compatible or higher So that the user can download pro 
grams at a very high rate. This feature is useful in those 
applications where the user does not want to wait or cannot 
wait for a lengthy program to be downloaded before being 
able to use the apparatus again. This reprogramming may 
also be easily accomplished when the apparatus needs to be 
recharged and is already docked with the charger Station 172 
Since it takes four to Six hours to charge the apparatus 
because the charger Supplies only ten volts and fifty milli 
amps of trickle charge. 

0100 FIGS. 51, 52, 53, and 54 show the details on how 
the preferred embodiment is capable of recharging itself. 
First, the microprocessor 120 Senses that the apparatus is 
low on power. Then the apparatus begins a Search pattern 
that initially entails rotating on axis for one hundred and 
eighty degrees while interrogating the Surroundings for the 
charger Station 172. If the apparatus fails to find the charger 
Station 172 at this point, the apparatus begins a Spiral Search 
pattern to try to get within communication range of the 
charger Station 172. Eventually the apparatus detects either 
a left beam 178 or right beam 180 that is emitted by the left 
LED 182 or right LED 184 of the charger station 172. It then 
turns on its axis until it faces the charger Station 172 and 
begins to move in that direction. Next, the apparatus detects 
the center Zone beam 186 that is emitted by the center LED 
188 of the charger station 172 and turns on its axis until it 
is Square with the charger Station 172. The apparatus then 
follows the precision beam 190 that is emitted by the 
precision LED 192 of the charger station 172 until it draws 
near to the charger station 172. At this point the mat 194 of 
the charger Station 172 provides Some mechanical passive 
guidance in the form of a funnel 196 to assure the successful, 
complete, and Safe docking of the apparatus. The neck 108 
of the apparatus then engages a neck gate 198 that ensures 
that the apparatus is correctly aligned with the charger 
Station 172 during the terminal phase of docking. 

0101 The final phase of docking is completed when the 
pivoting electrodes 198 of the charger station 172 make 
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connection with the magnetic contacts 200 of the apparatus, 
thereby ensuring that the apparatus is capable of recharging. 
At the same time the user may insert an intermediate flash 
cartridge into the cartridge Slot 174 So that as the apparatus 
is being recharged it may also be reprogrammed. See FIG. 
55 for a schematic of the wiring by which this is accom 
plished. Once the apparatus has been recharged and repro 
grammed, the apparatus reverses out of the charger Station 
172 and goes about its normal activities. 

0102) The data that is downloaded to the apparatus can 
take a variety of forms as shown in FIG. 56. For instance, 
the apparatus can download games Such that the user can 
play against the apparatus. Another possibility is that the 
apparatus can receive programming that Simulates food, 
medical care, or other bodily nourishing items. Furthermore, 
the apparatus can download or upload “DNA’ information 
to facilitate the apparatus ability to procreate or clone itself. 
The apparatus may also receive a completely new perSon 
ality Such that the apparatus behavior resembles that of 
another animal Such as a cat or the apparatus may learn a 
new trick. Additionally, the apparatus can be diagnosed and 
debugged for any malfunctions that might occur and can 
download the appropriate fixes. 
0103) A particularly advantageous feature of the pre 
ferred embodiment is that it can also download a program 
that was created using a puppeteering technique. FIG. 57 
shows how this works. It begins with an input apparatus 206 
that is supported by a stand 208 such that its limbs are off the 
ground. This allows the puppeteer to manipulate the move 
ment of the apparatus without interference from the ground 
or other objects Surrounding the input apparatus 206. The 
limbs may also be attached to a mechanical motion control 
ler 210 So that the user can cause the apparatus to make a 
walking or turning motion. These movements are then 
recorded by a computer 212 which is hard wired to the input 
apparatus 204. Once the motions have been recorded, the 
puppeteer can then edit the position and Sequence of these 
movements. The end result can then be downloaded to the 
apparatus through a intermediate flash cartridge that has 
been inserted into the cartridge slot 174 of the apparatus. The 
apparatus can then act as an output apparatuS 214 as it 
repeats the three dimensional movements, walking, and 
turning as contained in the program. 

0104. Another possible variation of using the puppeteer 
ing technique in conjunction with the preferred embodiment 
is shown in FIG. 58. In this version, the input apparatus 206 
is manipulated in a desired fashion by the puppeteer. The 
encoders of the input apparatuS 206 record the position and 
Sequence of the legs, head, and tail which is then transmitted 
by 16 channels of radio frequency transmission to the output 
apparatuS 214 in real time. This results in the output appa 
ratuS 214 duplicating the movement of the input apparatus 
206 at Substantially the same time that the input apparatus 
206 is moving. This method of control provides a better 
method of recreating precise three dimensional movements 
than a typical joystick control. 

0105. As can be seen, the present invention fulfills the 
need for a Self-phase Synchronized walking and turning 
quadruped apparatus that can respond to Stimuli in its 
environment in a canine way. It is also readily apparent to 
those skilled in the art that the features of the present 
invention are capable of being applied to devices with leSS 
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and more than four legs as well. While there have been 
illustrated and described particular embodiments of the 
present invention, it will be appreciated that numerous 
changes and modifications will occur to those skilled in the 
art, and it is intended in the appended claims to cover all 
those changes and modifications which fall within the true 
Spirit and Scope of the present invention. 

What is claimed is: 
1. A walking apparatus that is capable of achieving 

Self-Stabilization comprising: 
at least one motor within the apparatus having a drive 

shaft extending therefrom; 
two front legs and a pair of weights attached to Said front 

legs whereby the center of balance of Said apparatus is 
moved toward the front of Said apparatus, 

two rear legs, 
at least one encoder that monitors the position of at least 

part of one leg; and 
an information processor that is in communication with 

Said encoder thereby ensuring that the center of balance 
of Said apparatus does not move outside the Stability 
envelope of Said apparatus. 

2. The apparatus of claim 1 which further comprises an 
enlarged head positioned toward the front of Said apparatus, 
thereby further moving the center of balance of Said appa 
ratus toward the front of Said apparatus by providing counter 
balancing moment. 

3. The apparatus of claim 2 wherein each of Said legs 
comprise three joints including a hip joint, an upper leg joint, 
and a knee joint. 

4. The apparatus of claim 3 wherein Said motor and Said 
encoder are attached to one of Said joints of one of Said legs 
and which further comprises: 

multiple motors each of which are Separately attached to 
the remaining joints, and 

multiple encoders that Separately monitor the movement 
of the remaining joints. 

5. The apparatus of claim 4 wherein the movement of said 
apparatus is monitored and controlled by a Single informa 
tion processor. 

6. The apparatus of claim 5 wherein Said motors are 
ServomotorS allowing Said Single information processor to 
monitor and control Said motorS virtually simultaneously 
using a multiplexer. 

7. The apparatus of claim 6 which further comprises a 
cartridge Slot and a power connector whereby said apparatus 
is capable of docking into a charger Station where Said 
battery can be recharged and Said apparatus can receive new 
programming after the user has inserted an intermediate 
flash cartridge into Said cartridge slot. 

8. The apparatus of claim 7 which further comprises an 
animation motor, Said animation motor being capable of 
causing Said apparatus to perform non-ambulatory move 
mentS. 

9. The apparatus of claim 8 which further comprises a tilt 
Sensor whereby a ball bearing contacts a post when Said 
apparatus is tipped over thereby Sending a signal to Said 
information processor which in turn causes Said apparatus to 
commence Self-righting action by rotating two of Said legs. 
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10. The apparatus of claim 9 which further comprises a 
fixed ankle joint whereby Said apparatus can Step over 
objects in the path of Said apparatus. 

11. The apparatus of claim 10 which further comprises a 
current Sensor whereby Said apparatus can detect an increase 
or a decrease of power to Said motors indicating that Said 
apparatus is Stuck or is not touching the ground thereby 
allowing Said apparatus to commence a remedy Such as 
reversing its direction or stopping Said legs from moving. 

12. The apparatus of claim 11 wherein Said current Sensor 
comprises: 

Said information processor; and 
Said Servomotors, whereby Said information processor 

monitors the power of the duty cycle and the duration 
thereof as exerted and indicated by Said Servomotors, 
thereby determining whether Said apparatus is Stuck or 
not touching the ground. 

13. The apparatus of claim 12 wherein Said apparatus 
responds to Stimuli in its environment by learning and 
changing the level of its activity between different levels that 
include sleeping and normal activity. 

14. The apparatus of claim 13 wherein Said apparatus 
further comprises a receiver for voice input and output 
computer control, thereby allowing the user to tell Said 
apparatus to walk, turn, Stop, and bark. 

15. The apparatus of claim 13 which uses an infrared 
Sensor and emitter to detect objects in its environment and 
move toward them or to detect obstructions in its environ 
ment and avoid them. 

16. The apparatus of claim 13 further comprises means for 
controlling Said apparatus by manipulating a similar appa 
ratus thereby generating a RF signal which is transmitted to 
Said apparatus in real time. 

17. The apparatus of claim 16 wherein Said apparatus 
further comprises an information processor for controlling 
Said apparatus by downloading data that has been generated 
by manipulating a similar apparatus and editing that data 
using a computer. 

18. The apparatus of claim 17 wherein said information 
processor consists of a microprocessor. 

19. The apparatus of claim 18 wherein said power con 
nector comprises a magnetic contact. 

20. The method for allowing a walking apparatus to 
recharge itself comprising: 
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Sensing that Said apparatus has a battery that needs to be 
recharged; 

Starting a Search pattern; 

detecting either a left or right beam that is emitted by a 
charging Station; 

turning on its axis until Said apparatus faces Said charging 
Station and then moving in that direction; 

detecting the center Zone beam that is emitted by Said 
charging Station; 

turning on its axis once more until Said apparatus is Square 
to Said charging Station; 

following the precision beam that is emitted by Said 
charging Station as Said apparatus draws nearer to Said 
charging Station; 

Stopping its motion once contact between its power con 
nector and that of Said charging Station has been 
established; and 

charging its battery until Said battery is fully charged. 
21. The method for controlling the behavior of an appa 

ratus between polar States comprising: 
Separating and grouping Sensory inputs into different 

Variables, 

weighting certain variables by placing more Sensory 
inputs into Said weighted variables as compared to 
other variables; 

accumulating the number of occurrences of Said Sensor 
inputs over a period of time and assigning that number 
to the appropriate variable; 

comparing the values of the resulting variables at a 
Specified time and matching Said variables to the appro 
priate behavior as predetermined by a table; and 

invoking programs that control the movement of Said 
apparatus according to a table that links the behavior to 
Said program. 


