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PHOTO-INTERRUPTER BASED FORCE
SENSING HANDLE AND METHOD OF USE

put value ultimately determining the amount and direction of
the actual input force being applied to one or more of the
handles.

TECHNICAL FIELD

In particular, a robotic system as set forth herein includes a

robot adapted for moving a payload in response to a calcu
lated input force, a handle, a plurality of sensors, and a con
troller. The calculated input force is determined When an
operator applies an actual input force to the handle, or to a pair

The present invention relates to a force sensing handle for
measuring forces and moment With minimal drift and noise,
and a method of using the same.

of such handles if so con?gured. The sensors are each

BACKGROUND OF THE INVENTION

enclosed Within a respective housing and are operatively con
nected to the handle. Each of the sensors includes a light

In certain systems, the precise determination of an applied
force may be advantageous. For example, in a Human-Robot
Interactive (HRI) system, a human operator interfaces
directly With a robotic device that, by applying a force to one

emitter adapted for emitting a light beam, and a light receiver
adapted for receiving at least a portion of the emitted light
beam. Additionally, each of the sensors measures the portion
of the light beam that is received by a respective one of the
light receivers. The controller then determines the calculated

or more linkages, performs or assists in the performance of a

particular task. The operator may apply input in the form of an
applied force and/or torque, Which a controller must interpret
in relation to the task that is being performed. By doing so, the
robot as Well as the operator form an integrated system Which
performs the desired tasks. As one of tWo parts in the system,
the robot must be able to Work effectively With the human.
Therefore, it is a basic goal of any HRI system to alloW for a
more natural and effective interaction betWeen the human

input force using the portion of the light beam that is received
by the light receivers. Each of the sensor housings is adapted
20

to modify an amount of interruption of the light beam When

the actual input force is applied by the operator, and the
controller automatically controls an action of the robot using
the calculated input force.
A control system is also provided for motion control of the
25

robot. The control system includes a plurality of sensor hous

operator(s) and the various integrated components of the

ings each operatively connected to the handle(s) and the sen

robot.

sors noted above, With each sensor being enclosed Within a
respective one of the sensor housings. Each sensor has a light
emitter and a light receiver. The sensors measure the portion

SUMMARY OF THE INVENTION
30

Accordingly, a system and a method for control thereof are

of a light beam received by a respective one of the light
receivers. A host machine of a controller executes an algo

provided herein. The system includes a controller and a robot
With Which a human operator interfaces via a photo-inter
rupter based force sensing handle as described herein. The

rithm to determine the calculated input force, and/ or torques
around at least each x, y, and Z Cartesian axis, using the

motors, brakes, pulleys, cables, and/or other rigid or compli
ant linkages, With the various actuators collectively operating

beam When the actual input force is applied by the operator to

portion of the light beam received by the light receivers. Each
robot may include one or more actuators in the form of 35 of the sensor housings modi?es the interruption of the light
one or more handles, and the controller, via the host machine

on a payload or other object. In an automotive assembly

environment, for example, an operator may position a rela
tively cumbersome payload such as an engine or a transmis
sion. In such an environment, a robot in the form of an

and algorithm, automatically controls an action of the robot
40

using the calculated input force.

45

A method of controlling the robot noted above includes
emitting the light beam from a light emitter of a sensor toWard
a light receiver of the same sensor, modifying an interruption
of the light beam by ?exing or bending a portion of the sensor
housing the actual input force as applied to one or more

overhead assist device may be used to help move the payload

to facilitate assembly. HoWever, other payloads may also be
used With the system and method set forth herein Without
departing from the intended scope of the invention.

handles, and then measuring a portion of the light beam
received by the light receiver. The method further includes

As the operator applies an actual input force to one or more
handles, sensors embedded Within sensor housings and
attached to the handles collectively measure a changing elec

trical output value, e.g., a voltage or a current output value,
that is relatively immune to drift and millivolt-level noise.

using a controller to determine the calculated input force as a
50

Such noise may result in measurement errors When conven
tional strain-based force sensors are used. The sensors of the

present invention are connected serially as set forth herein to
measure forces in each of the x, y, and Z Cartesian directions,
and are enclosed Within a respective one of the sensor hous

55

function of the portion of the light beam received by the light
receiver, and then automatically controlling an action of the
robot using the calculated input force.
The above features and advantages and other features and
advantages of the present invention are readily apparent from
the folloWing detailed description of the best modes for car
rying out the invention When taken in connection With the

accompanying draWings.

ings. Moreover, one or more links of a serial chain of sensors

can include tWo sensor housings connected in parallel in order
to measure torque along an axis perpendicular to the plane
formed by the tWo sensors.

BRIEF DESCRIPTION OF THE DRAWINGS
60

An actual input force and/ or torque applied by the operator

FIG. 1 is a schematic illustration of a Human-Robot Inter

active (HRI) system in accordance With the invention;

to a handle displaces the handle in at least one of the x, y, Z,

FIG. 2 is a perspective side vieW illustration of a sensor

and theta (A) directions, With the displacement of the handle

housing assembly usable With the HRI system of FIG. 1,

ultimately moving a ?exible portion of one or more of the
sensor housings into a beam path of a light source. Light
transmission Within each of the various sensors is measured to

determine the electrical output value, With the electrical out

according to one embodiment;
65

FIG. 2A is a perspective side vieW illustration of a sensor

housing assembly usable With the HRI system of FIG. 1,
according to another embodiment;
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FIG. 3 is a perspective side vieW illustration of a photo
interruption based sensor usable With the HRI system of FIG.

The controller 23 may include a high-speed clock; analog-to

1;

any required input/output (I/O) circuitry; I/O devices; and

digital (A/D) circuitry; digital-to-analog (D/A) circuitry; and

FIG. 4 is a graph describing a relationship betWeen dis
placement and electrical current in the sensor shoWn in FIG.

communication interfaces; as Well as signal conditioning and
buffer electronics. Individual control algorithms resident
Within the controller 23 or readily accessible thereby; includ
ing the algorithm 100 as described beloW; may be stored in

3;
FIG. 5 is a schematic illustration of a series connection of
the sensors shoWn in FIG. 3;
FIG. 6 is a perspective top vieW illustration of a sensor

ROM and automatically executed at one or more different

FIG. 7 is a perspective top vieW illustration of a handle

control levels to provide the respective control functionality.
Still referring to FIG. 1; control panel 16 may include; in

assembly usable With the HRI system of FIG. 1; according to

one embodiment; a support structure or frame 15 and the pair

one embodiment;
FIG. 7A is a perspective top vieW illustration of a handle

nected to the payload 30; as represented in phantom by

assembly usable With the HRI system of FIG. 1;

of handles 20. Optionally; handles 20 may be directly con

assembly usable With the HRI system of FIG. 1; according to
another embodiment; and

handles 20A. The particular location and distance of handles
20 With respect to the payload 30 may vary Without departing
from the intended scope of the invention. When the frame 15

FIG. 8 is a How chart describing a method for controlling a

robot of the system shoWn in FIG. 1.
DESCRIPTION OF THE PREFERRED
EMBODIMENT

is used for support; the frame may be connected to one or

more input devices 17; e.g.; auto stop buttons; display panels;
20

With reference to the draWings; Wherein like reference

12 is measured via a sensor assembly 50 (see FIG. 6) that is

numbers refer to the same or similar components throughout
the several vieWs; FIG. 1 shoWs a Human-Robot Interactive

(HRI) system 10 adapted for performing a robot-assisted task

25

or operation. Within the HRI system 10; a human operator 12
interacts With a robot (R) 14 by imparting an actual input
force and/or torque (arroW F) to a handle or handles 20 of a

control panel 16; With each handle being specially adapted to
receive the input force. While tWo handles are shoWn in FIG.
1; a single handle or more than tWo handles may also be used

30

Without departing from the intended scope of the invention.

connected to the handles; and translated into input signals 11.
Input signals 11; Which are used to calculate the actual
applied force (arroW F); are transmitted to the controller 23
for use by algorithm 100. Control data and feedback data;
represented by double arroW 13; may be automatically
exchanged betWeen the robot 14 and the controller 23 to
ensure precise motion and systems control of the robot in
response to the applied force.
The controller 23 measures an electrical response; i.e.; a
voltage and/ or a current value; in response to the applied force

LikeWise; While an HRI system 10 is shoWn in FIG. 1 as one

to handles 20; as explained beloW; in order to precisely cal

possible embodiment; the handle(s) 20 may be used in any

force-sensing and moment-sensing application requiring

input keypads; etc.; depending on the particular design.
Light displacement resulting from an actual input force
(arroW F) applied to each of the pair of handles 20 by operator

minimal/Zero drift and very loW noise levels; as Will be under

culate an applied force and/ or torques around each Cartesian
axis; i.e.; the x; y; and Z axes of the handles 20; to Within an

stood by those of ordinary skill in the art. For simplicity
hereinafter; handles 20 Will be referred to in the plural.

acceptable range of the actual input force (arroW F). To do so;
the controller 23; using the sensor assembly 50 of FIG. 6 and;

35

In one embodiment; the robot 14 may be con?gured as an

overhead payload assist device adapted for assisting in the

40

in one embodiment; one or more lookup tables 31; determines
a calculated applied force based on an electrical signal. This

indicated by arroWs A and B. The robot 14 may include

signal is a function of the light transmitted through a sensor
assembly; such as the embodiment shoWn in FIG. 6 and

various actuators; e.g.; one or more motors (M) 21 and brakes

described beloW. By using light interruption rather than mea

positioning of a payload 30 Within a Work area or cell; as

(B) 25; as Well as any required relays; gears; poWer supplies;

poWer conditioning equipment; etc.; needed for operating the
robot. Payload 30; for example an automobile engine; trans

45

suring a mechanical strain or foil deformation; relative immu
nity may be achieved to millivolt-level noise and sensor drift.
Referring to FIG. 2; a sensor housing 32 is adapted for

mission; or other relatively cumbersome payload; may be

securing one or more sensors 40; With the sensors described

connected to the robot 14 With as many linkage(s) 18 as are

With reference to FIG. 3. Another embodiment of the sensor
housing 32 is shoWn as sensor housing 132 in FIG. 2A; as
described beloW. The sensor housing 32 converts an external

suitable for performing the desired operation. Although
shoWn in FIG. 1 as a single linkage for simplicity; the
linkage(s) 18 may be con?gured as a netWork of cables;

50

force into a displacement that modi?es the amount of light

pulleys; overhead and/or vertical support members; beams;

that is interrupted Within the sensor(s) 40. The housing 32

etc.; depending on the siZe and Weight of the payload 30.

also protects the sensor(s) 40; Which may be mounted via a

The HRI system 10 includes a control system having a

fastener 42 to a sensor support member 44 Within the sensor
controller (C) 23 embodied as a server or a host machine 55 housing 32. The sensor housing 32 ultimately secures the

adapted for executing an algorithm 100; and having various
components as explained beloW. Execution of the algorithm
100 by the host machine of controller 23 provides light
interruption based control of robot 14; including control over
substantially all of the integrated components necessary for

sensor to the handles 20 shoWn in FIG. 1. Each sensor housing
32 contains at least one sensor 40; With multiple housings

being interconnected to provide force sensing in each of the x;
y; and Z Cartesian directions; and/or torque sensing in the 6
60

precise control over the actions of the robot. The controller 23
may be con?gured as a single digital computer or as a distrib

uted netWork of digital computers; host machines; data pro

portion 36 may be; at least in part; relatively resilient; bend

cessing devices; or servers each having one or more micro

processors or central processing units (CPU); su?icient read
only memory (ROM); random access memory (RAM); and

electrically-programmable read only memory (EPROM).

direction; as explained beloW With reference to FIG. 5.
In the embodiment of FIG. 2; one sensor housing 32
includes ?rst portions 34 and a second portion 36. First por
tions 34 may be substantially rigid or ?xed; While the second

65

able; or ?exible; i.e.; is permitted to ?ex or bend in response
to the actual applied force (arroW F) to the handles 20 shoWn
in FIG. 1. Sensor housing 32 may be constructed of any

US 8,392,023 B2
5

6

suitable plastic, metal, or composite material having the
desired material properties. Movement of the second portion

applied to the pair ofhandles 20 of FIG. 1. That is, as shoWn
in the graph 49 of FIG. 4, a trace 51 describes a relationship
betWeen a de?ection distance of the ?exible second portion
36 (see FIG. 2) of sensor housing 32 and an amount of light
detected by the sensor 40, here represented as a detected
current value. In this particular embodiment, a de?ection of

36 or an appendage thereof, as shoWn in FIG. 2A, in response

to the applied force modi?es interruption of a light beam
transmitted Within sensor 40. Electrical measurements from
the sensor 40 are then communicated to the controller 23 of

5

FIG. 1 as the input signals 11. The values of input signals 11

the second portion 36 or a portion thereof of the sensor hous

are then used by the controller 23 and algorithm 100 to cal

ing 32 (see FIG. 2) of approximately 1.5 mm results in a
complete blockage of the light beam. HoWever, the trace 51 is
illustrative, and its trajectory may vary depending on the

culate the applied force (arroW F) an operator 12 applies to the
pair of handles 20 shoWn in FIG. 1.

design of the sensor 40 and each sensor housing 32 (see FIG.

Referring to FIG. 2A, in another embodiment a sensor

housing 132 includes a ?rst portion 134 and a second portion
136. First portion 134 may includes at least one parallelogram
each made up of a suitable resilient member 137, e.g., leaf

2).

springs, Which is substantially compliant in the direction of
measurement and substantially rigid in all other directions.
Because of the substantial compliance, a force applied along

by Way of example, an infrared (IR) emitter, a light emitting
diode (LED), a red/green/blue (RGB) visible laser, or any
other device capable of generating and emitting a detectable

As shoWn in FIG. 3, sensor 40 includes a light emitter 45
and a light receiver 46. The emitter 45 may be con?gured as,

the direction of measurement results in a displacement that

light beam 47. Receiver 46 may be con?gured as a pho

can be measured by sensor(s) 40.
Also, because of the substantial rigidity, a force applied
along the other directions results in displacements that are
small enough to avoid disturbing the measurement of the

totransistor, photo receptor cells, or any other device capable
of receiving light emitted by the emitter 45. A mounting hole

20

43 may be formed in a portion of the sensor 40, e.g., in
proximity to prongs or leads 48 as shoWn, and adapted to

receive a fastener 42 (see FIG. 2) suitable for mounting the
sensor to the support member 44 (see FIG. 2).

sensor 40. In such an embodiment, tWo parallelograms may

be stacked in series, With the ?rst parallelogram forming the
outer portion of the resilient member 137 and the second
parallelogram forming the inner portion of the resilient mem
ber 137. In yet another embodiment, only one parallelogram
may be used, Which is more rigid relative to the dual-paral

25

simplicity, are serially arranged to sense de?ection of por
tions 36, 136 of one or more housings 32, 132 described

lelogram embodiment.
Housing 132 includes ?rst portion 134 and second portion
136, Which are linked by the parallelogram made of the resil

above in a given Cartesian direction, i.e., in each of the x, y,
30

ient members 137, e.g., tWo thin leaf springs as shown. In
order to limit the range of motion betWeen the tWo portions

and protect the resilient members 137 from potentially abu

sive forces along the measured direction, the portions 134,

35

136 may be separated by small gaps 139. It is noted that,
because of the construction of the parallelogram made of leaf
springs as shoWn, the forces and torques that can be resisted in

the other directions are very large. A light interrupting end
136A is provided as part of, or connected to, the portion 136,

40

While the sensors 40 are attached to the second portion 136

and Z directions, or torque in the 0 direction, as noted above.
As Will be explained beloW in more detail With reference to
FIG. 6, one end of sensor 40A of FIG. 5 may be connected to
one end of sensor 40B, With the other end connected to the
handles 20 (see FIG. 1). The other end of sensor 40B may then
be connected to one end of sensor 40C, With the remaining
end of sensor 40C connected to panel 15. In this Way, a serial

chain may be formed from the handles 20, through each
sensor 40A, 40B, 40C, and to a stationary mount, e.g., the
panel 15. The input force from operator 12 applied to the
handles 20 modi?es the interruption of light transmission
Within at least one of the sensors 40A, 40B, 40C in the serial
chain described above.
For measurement in the y direction, a pair of sensors 40A

through support member 44.
In order to be correctly used, the sensors 40 should be
positioned to obtain a Relative Collector Current (see FIG. 4)
of approximately 50% When no force is applied on the sensor

Referring to FIG. 5, Within the scope of the invention a

plurality of sensors 40A, 40B, 40C, shoWn schematically for

are housed Within respective housings 32, 132 (see FIGS. 2
45

and 2A, respectively) one on either side of the handles 20, 120

housing 132. Since the range of measurement is very small,

(see FIGS. 7 and 7A, respectively). By using the pair of

the sensors 40 should be precisely located. In order to obtain

sensors 40A, torque may also be measured around the y axis.
Another sensor 40B may be housed in another housing 32 and
positioned to measure de?ection of portion 36 in the x direc
tion. Finally, a sensor 40C may be housed in a housing 32 and
positioned to measure de?ection of portion 36 in the Z direc
tion.

optimal precision, an adjustment system may be integrated.
The support member 44 is attached to the second portion 136
by tWo fasteners 42 that pull on the support member. Also,

50

compliant rubber rings 70, inserted betWeen the support
member 44 and the second portion 136, apply a pushing force
on the support member. Therefore, it is possible to ?nely
adjust the location of the support member 44, and the

sensor(s) 40 attached to it, by screWing and unscreWing the
fasteners 42. Once the sensors 40 are correctly positioned,
another fastener 42A applies a pushing force on the support
member 44 to secure it ?rmly.
Referring to FIGS. 3 and 4, the sensor 40 is con?gured to
generate a voltage output value based on the amount of light
being passed therethrough. The sensor 40 may do so by mea
suring a percentage of a receive portion of an emitted light,
e.g., a light beam. In one embodiment, the sensor 40 may be
adapted to measure displacement using a Hall voltage of a
Hall effect sensor instead of being con?gured as a photoint
errupter, as is Well understood in the art. The amount of light

varies in conjunction With the actual input force (arroW F)

Referring to FIG. 6, according to one embodiment a sensor
55

assembly 50 usable With the HRI system 10 of FIG. 1 includes
the sensors 40A, 40B, and 40C shoWn schematically in FIG.
5 and explained above. The sensor housing 32B of sensor 40B
may be positioned Within a sensor housing 32C of sensor

40C, With the housings 32B, 32C of these sensors secured to
60

a mounting piece 54 via fasteners 56. The mounting piece 54
includes feet 57 With mounting holes 58, With the feet being
secured to a su?iciently rigid surface 64 (see FIG. 7), e.g., a
surface of the control panel 16 or another ?xed surface. Each
of the sensors 40A (see FIG. 5) are contained Within a respec
tive one of the sensor housings 32A, and may be linked via

65

connecting members 52 and fasteners 56, such that the sensor

housings 32A generally form a T-shape structure in conjunc
tion With the sensor housings 32B, 32C.

US 8,392,023 B2
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For the connection of the various housings 32, i.e., hous

by transmitting the control command based on the calculated
input force to the robot via the control and feedback data
(double arroW 13). One loop of the algorithm 100 is then
?nished. The algorithm 100 may be executed once per cycle,

ings 32A, 32B, and 32C, the outerportions 34 of housing 32A
may be connected to the handles 20 of FIGS. 1 and 7. The

portion 36 of housing 32A may be connected to the portion 36
of housing 32B, With the portions 36 shoWn in FIG. 2. First
portions 34 of housing 32B may be connected to the second
portion 36 of housing 32C, With the portion 36 shoWn in FIG.
2. The portion 36 of housing 32C may connect to the mount

as noted above at step 102.

While the best modes for carrying out the invention have
been described in detail, those familiar With the art to Which

this invention relates Will recogniZe various alternative
designs and embodiments for practicing the invention Within
the scope of the appended claims.

ing piece 54.
Referring to FIGS. 7 and 7A, a handle assembly 60, 160 is
shoWn that is usable With the HRI system 10 of FIG. 1, and
With housings 32 of FIG. 2 and 132 of FIG. 2A, respectively.
Handle assembly 60, 160 includes the handles 20, and sensors
40 as shoWn in FIG. 3, ofWhich the housings 32B, 32C and
the interconnecting members 52 are shoWn in FIG. 7, and
portions 134, 136 of various housings 132 are shoWn in FIG.
7A. A sensor assembly center housing 62 is pivotally con
nected to the housings 32, 132 and adapted to contain the
sensor assembly, e.g., the assembly 50 ofFlG. 6. Each handle
20 is then rigidly attached to the center housing 62. Therefore,
each handle 20 is connected, via the center housing 62, to the
sensor assembly therein such that an applied force to handles
20 ultimately modi?es an interruption of a transmission of
light in the sensor 40 (see FIG. 3) positioned in that sensor
housing 32, 132 as described hereinabove.
Referring to FIG. 8, the algorithm 100 is executable via the
controller 23 of FIG. 1, and begins With step 102, Wherein the

The invention claimed is:

1. A robotic system comprising:
at least one handle;
a robot adapted for moving a payload in response to a

calculated input force, the calculated input force being

20

includes a light emitter adapted for emitting a light beam
and a light receiver adapted for receiving at least a por
25

operator 12 of FIG. 1 applies an actual input force (arroW F)
to each handle 20. As explained above, application of this
force by an operator ultimately bends or ?exes the second
portion 36, 136 ofone or more ofthe sensor housings 32, 132

tion of the light beam, and Wherein each of the plurality
of sensors is adapted for measuring the portion of the
light beam received by a respective one of the light
receivers; and
a controller having a host machine and an algorithm, the

30

algorithm being executable by the host machine to
thereby determine the calculated input force using the
portion of the light beam received by each of the plural

ity of light receivers;

shoWn in FIGS. 2 and 2A, respectively. This ?exing of portion

Wherein each of the respective sensor housings corre

36, 136 causes a modi?cation in an amount of interruption of
a transmission of light by an emitter 45 of one or more of the

sensors 40 (see FIG. 3).

determined When a human operator applies an actual
input force to the at least one handle;
a plurality of sensors each enclosed Within a respective
sensor housing, and operatively connected to the at least
one handle, Wherein each of the plurality of sensors

35

sponds to a different one of an x, y, and Z Cartesian
direction of measurement, and includes a resilient mem

Step 102 therefore includes detecting a level or amount of

ber disposed betWeen a pair of rigid portions, Wherein

light interruption via the controller 23, i.e., by measuring the

the resilient member is compliant only in the x, y, or Z
Cartesian direction of measurement for the correspond
ing sensor housing, and is adapted to interrupt a trans

amount of light reaching one or more of the receivers 46, at a

frequency of the sampling system. For every cycle of the
calibrated sampling rate, the controller Will acquire the sensor
value and evaluate for control commands. Once a voltage,
current, or other suitable electrical signal has been generated
or otherWise determined in this manner, the algorithm 100

proceeds to step 104.
At step 104, the controller 23, using the electrical signal
from sensor 40, i.e., the input signals 11 shoWn in FIG. 1,
calculates the amount of displacement of second portions 36
of housings 32A, 32B, and 32C of FIG. 6. Step 104 may
include, for example, a direct calculation using knoWn siZes
and dimension of the housings 32A, 32B, and 32C, and
knoWn properties of emitter 45, and/or by reference to cali
brated lookup table(s) 31 accessible by the controller 23, as
shoWn in FIG. 1. Once the displacement has been determined,
algorithm 100 proceeds to step 106.
At step 106, the controller 23 determines a calculated

40

45

con?gured as an overhead lift assistance mechanism includ
ing at least a motor and a brake.

50

the x, y, and Z Cartesian directions of measurement by mea
55

sensor housings is enclosed Within another one of the sensor

housings.

may reference lookup table(s) 31, Which may be one or more
60

6. The robotic system of claim 1, Wherein the plurality of
sensors are adapted for measuring a torque by measuring the

portion of the light beam received by each of the plurality of
light receivers.

stiffness, strength, resiliency, etc. Once the applied force is
properly determined, the algorithm 100 proceeds to step 108.
20, using the calculated input force as explained above, and

suring the portion of the light beam received by each of the
plurality of light receivers.
5. The robotic system of claim 4, Wherein at least one of the

the de?ection value from step 104. Again, the controller 23

At step 108, the controller 23 controls an operations of
robot 14 (see FIG. 1), or of any other system using the handles

3. The robotic system of claim 1, Wherein an application of
the actual input force bends or ?exes the resilient member into
a path of the light beam to at least partially interrupt a trans

mission of the light beam.
4. The robotic system of claim 1, Wherein the plurality of
sensors are adapted for determining the actual input force in

applied force using the displacement caused by the actual
input force (arroW F) applied to the handle(s) 20, i.e., using
lookup tables depending on the design. The controller 23 may
also calculate the applied force using the de?ection value and
knoWn physical properties of the sensor housings 32, e.g.,

mission of the light beam When the actual input force is
applied to the at least one handle by the operator in the
Cartesian direction of measurement, and Wherein the
controller is adapted to automatically control an action
of the robot using the calculated input force.
2. The robotic system of claim 1, Wherein the robot is

65

7. The robotic system of claim 1, further comprising a
sensor assembly housing operatively connected to the at least
one handle, Wherein the sensor assembly housing is adapted

for containing the plurality of sensor housings.
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and Z Cartesian axis by measuring the portion of the light
beam received by each of the plurality of light receivers.
14. The control system of claim 10, further comprising a
sensor assembly housing operatively connected to the handle,
Wherein the sensor assembly housing contains the plurality of

8. The robotic system of claim 1, wherein the sensors are
positioned to obtain a relative collector current of approxi

mately 50% When the actual input force is not being applied
to the at least one handle.

9. The robotic system of claim 1, Wherein the plurality of

sensor housings and is adapted for securing the sensor hous
ings to a substantially rigid surface.
15. The control system of claim 10, Wherein the plurality of

sensors includes three sensors arranged With respect to each
other to form a T-shape structure mounted to the at least one
handle.
10. A control system for providing motion control of a
robot adapted for moving a payload in response to a calcu

sensors includes three sensors arranged With respect to each
other to form a T-shape structure.

lated input force, the calculated input force being determined
When a human operator applies an actual input force to a

handle, the control system comprising:
a plurality of sensor housings each operatively connected
to the handle, Wherein each of the sensor housings cor
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Wherein each sensor housing corresponds to one of an x,
y, and Z Cartesian direction of measurement, and

responds to a different one of an x, y, and Z Cartesian
direction of measurement, and includes a resilient mem

Wherein each sensor housing includes a resilient mem

ber disposed betWeen a pair of rigid portions, Wherein
the resilient member is compliant only in the x, y, or Z
Cartesian direction of measurement for the correspond

ber disposed betWeen a pair of rigid portions that is
20

ing sensor housing;
a plurality of sensors each enclosed Within a respective one

of the plurality of sensor housings, Wherein each of the
plurality of sensors includes a light emitter adapted for
emitting a light beam and a light receiver adapted for
receiving at least a portion of the light beam, and
Wherein each of the plurality of sensors is adapted for

measuring the portion of the light beam received by a
respective one of the light receivers; and
a host machine having an algorithm adapted, When
executed by the host machine, to determine the calcu
lated input force using the portion of the light beam

corresponding light receiver;
30

received by the corresponding light receiver; and

of the light beam received by the corresponding light receiver
includes measuring a voltage output signal at the light

the x, y, and Z Cartesian directions of measurement When

of the robot using the calculated input force.
11. The control system of claim 10, Wherein the actual
input force ?exes the resilient member into a path of the light
beam to at least partially interrupt the light beam.
12. The control system of claim 10, Wherein at least one of
the sensor housings is enclosed Within another one of the
sensor housings.

13. The control system of claim 10, Wherein the plurality of
sensors are adapted for measuring a torque around each x, y,

using a host machine to determine the calculated input
force as a function of the portion of the light beam

automatically controlling an action of the robot using the
calculated input force.
17. The method of claim 16, Wherein measuring a portion

Wherein the resilient member of each of the respective
sensor housings is adapted to at least partially interrupt a
transmission of the light beam in a corresponding one of

execute the algorithm to automatically control an action

compliant only in the Cartesian direction of measure
ment for the corresponding sensor housing;
emitting a light beam from a light emitter of each of the
sensors toWard a corresponding light receiver;
?exing the resilient member of at least one sensor housing
using the actual input force to the handle to thereby
modify an interruption of a transmission of the light
beam by the resilient member Within the sensor;

measuring a portion of the light beam received by the

received by each of the plurality of light receivers;

the actual input force is applied by the operator to the
handle, and Wherein the host machine is adapted to

16. A method of controlling a robot adapted for moving a
payload in response to a calculated input force that is deter
mined using an actual input force applied by a human opera
tor to a handle of a handle assembly, the method comprising:
arranging three sensor housings into a T-shape structure,

receiver of each sensor.
40

18. The method of claim 16, Wherein using a host machine
to calculate the input force as a function of the portion of the

light beam received by the light receiver includes using the
controller to automatically access at least one calibrated

lookup table.
45

19. The method of claim 16, Wherein the robot is an over
head assist device and the payload is one of an engine and a

transmission, and Wherein automatically controlling an
action of the robot includes moving one of a transmission and

an engine using the overhead assist device.
*
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