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(57) Abrege/Abstract:

A tactile feel control device Is disclosed. The tactile feel control device can include an electric motor configured to be mechanically
coupled to a manual control interface that is movable by a user. The tactile feel control device can also include a bias module
operable to generate a bias to be applied by the electric motor. The bias can be configured to provide a desired tactile feel to the
user at the manual control interface. In addition, the tactile feel control device can include a control module operable to output a
drive signal to the electric motor configured to apply the bias. The bias can be Iinsufficient, alone, to cause movement of the manual
control interface.
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(57) Abstract: A tactile feel control device 1s disclosed. The tactile feel control device can mnclude an electric motor configured to be

mechanically coupled to a manual control interface t!
module operable to generate a bias to be applied by t!

hat 1s movable by a user. The tactile teel control device can also mnclude a bias
e electric motor. The bias can be configured to provide a desired tactile feel to

the user at the manual control interface. In addition, the tactile feel control device can mnclude a control module operable to output a
drive signal to the electric motor configured to apply the bias. The bias can be msutficient, alone, to cause movement of the manual
control mterface.
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TACTILE FEEL CONTROL DEVICE

BACKGROUND

(60011 Many devices can be operailed manually and such devices inciude a wide
variety of manual interfaces operable with mechanical and/or elecltronic couplings
o faciiifate operation. In addition, some manually operaied devices gperable with
mechanical couplings can alse be operated via an siectric motor, which can be
used to provide powersd operalion independent of manual operation. For
exampie, a moderm cinematc camera may pe capable of poth slectronic and

manual control or operation, which provides for a computer (o control operation of

the camera through a preprogrammed sequence or for a camera operalor o lake

‘hands on” control of the camera and make manual adjustments.

BRIEF DESCRIPTION OF THE DRAWINGS

1300271 Features and advantages of the invention will be apparent from the
detailed descripltion which foliows, taken in conjunction with the accompanying
drawings, which together ilusirate, by way of example, teatures of the invention;

and, wherain;

130031 G 118 an exampie schematic Hiustration of a manually operalable
system having a tactile feeal control device in accordance with an embodiment of

the present invention.

[3004] His 218 an exampie schematic Hlusiration of a manually operatabie

system having a laclie feel control device in accordance with another
embodiment of the present invention.
[G005] FiG 3 s an exampie schematic Hiustration of a manually operalable

system having a {actile feel conirol device in accordance with yet another

embodiment of ihe present inveniion.

160067 Reference will now e made {0 the exemplary embodiments iliustrated,
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and specific ianguage will be used nherein to describe the same. H will
nevertheless be understood that no imitation of the scope of the invention is

thereby intended.

DETAILED DESCRIPTION

(00071 As used herein, the term "subsiantially” refers 1o the compilete or neariy
complete exient or degree of an action, charactenstic, properly, statle, struciure,
iHem, or resuit. For exampile, an object that s "substantially” enclosed woula
mean that the object is sither completely enclosed or nearly completely enclosed.
The exact aliowable degree of devialion from absciufe completeness may in
some cases depend on the speciiic context. However, generally speaking ihe
nearness of compistion will pe s as o have the same overall resuitas i
apsoiute and total compietion were gbtained. The use of "subsiantially” s equaliy
applicable when used in a negative connotation o refer (o the complele or near
complete lack of an action, characteristic, property, stale, structure, item, or

resuit.

[3008] As used herein, "adiacent” refers {0 the proximity of two structures or
slements. Parlicularly, elements thal are identified as being "adjacent” may be
either abutling or connecled. Such slemenis may alse be near or ciose {0 each

other withoul necessarily contacting each other. The exact degree of proximity

may in some cases depend on the specific context.

300871 An intial overview of technology embodiments s provided below and then

spectiic {echnology embodiments are described in furiher detaill ialer. This imhial

summary is inlended (© aid readers in understanding the {echnology more quickly
but 1s not inlended (o identity Key teatures or essential features of the {echnoiogy

nor is it intended 1o imit the scope of the claimed subject matier.

(30107 Although manuaily operaled devices are indeed funclional for an intended

purpose, the tactile feel for users of some devices can be unpleasant. For

exampie, excessive foree from the user may be necessary {0 gperate a device
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and/or the mechanical coupling of a device can feel "roughn or unretined 1o the

user. In the case of manual and electrically operated devices, under manual

operation, the electnic molor is typically "oif” but is engaged and rofating under
ihe power of ihe user as the user operates the device. klectric molors are
typically not designed (o provide a certain tactiie feel when driven manuaily.

Thus, aspects of the mechanical coupling as weil as the passive electnc molor

can conirnibute (0 a rough,” "oolhy,” "coqgy,” and/or "uneven’ {acliie feel for the
user. Liscerning users of such gevices are ohien put off by such an undesiraple
tactiie feel, as it reflects an infenor quality. Therefore, improvements to the tactile
feel provided by some manually operated devices can enhance the user's

expearience and/or meet the user's expectations of quality.

(30117 Accordingly, a tactile feel control device 1s disclosed thal provides 3
desired tactie teel to the user of a manually operatable device. in one aspect, an
electric motor being driven manuaily ¢an be made {0 have a desirable tachie fesi,
SUCh as by regucing or eiiminating undesirable tacliie feel charactenstics typicaily
resutting from manuaily driving an electne motor. the factile fesi control device
can inciude an electric motor configured 1o be mechanicaily coupied {0 a manual
control interface that is movable by a user. The {aclie feel control device can

230 Nclude a bias module operable 1o generate a bias o be applied by the

electric motor. The bias can be configured (o provide a desired tactile fesl {0 the
ser at the manual control interface. In addition, the {actile feel control device

can inciude a control module operable o output a drive signal {0 the electric

motor configured 10 apply the pias. The bias can be insuflicient, alone, 1o cause

movement of the manual control interfacs.

(301271 In one aspect, a manually operatable system s disciosed. The system

can comprse a manual control interface that is movable by a user and a tactile

feel coniral device. {he tactie tesl control device can have an slectric motor
mechanically coupled to the manual control interface. The {aclie feel control

device can aiso have a bias moduie operabie {0 generate a bias to be applied by

{2
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the glectric motor. The bias ¢an be configured {0 provide a desired {actie feesl {0

the user at the manual control interface. Additionaily, the tactile feel control
device can have a control module operable {0 oculpul a drive signal 1o the slectric
motor configured {0 appiy the bias. The bias can be insufficient, alone, 1o cause

movement of the manual control interface.

130131 One embodiment of 8 manually operatable system 100 is dlustrated
schematically in Fi 1. The manually operatabie system 100 can inciude a
manual control intertace 110 ihat 18 movable by a user and a controiiable slement
112 conhigured {0 be controlled by the manual control interface 110, For
axampie, the manual control interface can comprise a knob, lever, diai, wheel,
steering wheel, handie, grip, or any other suitable fealure or device. inone
aspect, the manual contral interface 110 can be configured 10 mechanicaily move
the controllable element 112, such as by a mechanical coupling 114, which can
include any type of drive mechanism or drivelrain, such as a gear coupling, screw
arive, rotary drive, transiational drive, elc. that can cause transiational and/for
rotational movement of the controliable slement 112 from input movements of the
manual control interface 110. The controllable slement 112 can be any suitabls
structure, feature, component, and/or eiement that can be driven, operaieq,

and/or controlled by the manual control inferface 110, such as a camera ians.

(30147 The manually operatable system 100 can also include a tactile feel control
device 120, which can have an eleciric molor 130 mechanically coupied {0 the
manual conirol interface 110, such as via the mechanical coupling 114 or drive

mechanism. the elecinc motor 130 can be any suitable ype of molor, such as a

brushed or prushiless DO motor, or a8 singie-phase, two-phase, or three-phase AU
moior. The taclie Teel control device 120 can also inciude a bias module 140

operable {0 generate a bias 141 1o ve applied by ne electric motor 130 and a

control modute 150 operable (0 output a drive signal 151 1o the slectnic motor 130

configured 1o apply the bias 141.

10015] in one aspect, the bias 141 can be insutiicient, alone, {0 cause movement
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of the manual control interface 110, For exampie, the pias 141 can ve such that
the control module 150 gutpuls a iow level drive signal 151 {0 the elecine motor
130 sufficient {0 cause a torque bias on the mechanical coupling 114 without
moving the mechanical control interface 110, In other words, the electric molor
can be driven with enough power 1o provide some torque without causing the
motor {0 rofale, for exampie, due to resistance from the mechanical coupling 114,

the controlier element 112, and/or the manual control interface 110.

[3016] in another aspedct, the bias 141 can be configured 1o provide a gesired
tactie feel {0 the user at the manual conirol intertace 110, For example, the
lorque bias can be adjusied to assist or resist movement of the manual contro!
interface 110 {0 provide a desired tacliie feel to the user through the manual
control interface 110, In one aspect, the pias can be configured 1o provide a
mechanically smooth drive teel by overcoming anomatlies in the slectric molor
130 and/or the mechanical coupling 114 thal can be perceived through taclile
feadback, without being high encugh 1o cause movement of the manual control

interface 110, In gne aspect, the level of bias can be conhigured to provide a

{aclie feel resembiing a very smooth mechanical drive. Thus, the tactile feel of
ihe manually operatabie syslem 100 can be improved or enhanced through an
glectnc assist. The effect of which can be transparent ¢ the user, who may think
the device 18 an anaiog/mechanical device when il the device 18 actually an active
digital/eiectromechanical device. in one aspect, however, the level of bias can be

conirolied or adjusted by the user {0 creale a customized feel.

(38171 The tactie teel control device 120 can aiso be configured such that

movement of the manual controf interface 110 by the user niiales the drive
signat 151 1o the slectric motor 130, For example, the {achie feel control device
120 can include a sensor 160 that can sense position, velocily, accealeration
and/or torgue of the manual control interface 110, in one aspedt, the sensor 160
can be associated wilh the eiectnc motor 130, the mechanical coupling 114, the

controliable element 112, and/or the manual control interface 110 {o sense

N
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movement of the manual control interface 110, The sensor 160 can provide

feadback {0 a feedback module 102, which can be configured {0 provide
feedback from the sensor 160 1o the bias module 140 for adjusiing the bias 141.
The control module 150 can then oulput the drive signal 151 {0 the electnic molor
130 configured (o apply the bias 141, Thus, movement of the control interface
110 by the user can cause the electric molor 130 10 apply the bias 141, Inone
aspect, feedback from the sensor 160 can be used {o determine whether {00

much torgue bias 18 being applied, such as by causing the electric motor 130 {0

rotate. In this case, the bias magnitude can be reduced until the bias 1s no longsr
sutficient {0 cause rotation of the electne motor 130. The bias 141 can therefore

pe stalic or dynamic, as described further heremnafter.

[3018] In one aspect, feedback from the sensor 160 can be used o determine a
direction of movement and/or a rate of movement of the manual control interface
110, which can be used to alter or vary the bias 141 1o be applied by the elecirnc
motor 130, For example, a {orque bias magnitude and/or a lorque bias direction

can be varied depending on the movement direction and/or speed ¢of the manual

control interface 110, Thus, the torque magnilude and/or direction applied by the
clectric motor 130 can differ depending on the direction and/or speed of the

movement of the manual control interface 110, For exampie, ihe direction of the

pias 141 can be configured {0 assist movement of the manual control interface in
one direction and {o resist movement in an opposiie direction, o assist

movemernt in both directions., or o resisi movement in botih directions. in

addition, the magnitude of the bias 141 can be asymmetnc or conhigured o
provide more assistance/resistance in one direclion than in the opposite direclion.
in order (o avoid abrupt changes in the bias 141 applied by the elecinc motor
130, a change of direction by the manual control interface 110 can be sensed
over multiple encoder counts and the torgue bias magnitude can be ramped o a

final torque bDias value. Thus, feedback from the sensor 160 regarding position,

veiocity, and/or acceleration of the manual control interface 110 can be used o

actively control or influence the taclie teel o the user at the manual control

&
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interface 110, as desired. For example, the bias 141 applied by the elecine motor
130 can provide a constant or consistent tactiie feeal {0 the user at the manual
control interface 110 regardiess of the direction of speed ¢of the movement of the
manual control interface 110, In one aspect, the manually operalable system 100
can form a closed loop system, which may include nested ioops, tacionng
parameters of the manual control inferface 110, such as position, velocity,
acceleration and/or torgue, info the bias 141. it should be recognized that
algorithms governing the magnitude and/or direction of the bias 141 can be

contigured in any manner o achieve a desired implementation of {actie fesl {0

ihe user through the manual control inlerface 110.

00197 With reference 1o Fi( 2, Hlusiraled 1s a schemalic representation of a
manualtly operatable system 200, The system 200 (s simiar in many respecis (o
the system 100 Hlusiraled in FlG 1, and includes a manual control interface 210
that is movable by a user and a controliable element 212 configured {o be
controlied by the manual control interface 210, as well as a taclie teel control
device £20 having an electric motor 230 mechanically coupled 214 to the manual
control inferface 210, The tactile feel control device 220 also inciudes a sensor
200}, a feedback moduie 202, a bias module 240, and a control moduie 250 {0

provide a bias 241 1o be applied by the electric motor 230 {o the manual control

interface 210 based on feedback from the sensor 260, The manually operatable
system 200, however, includes a controliable element 212 coupled o the manual
control interface 210 via a sensor 216, such as a position, velocily, acceleralion,
force and/or torgue sensor, which can pe contigured {0 sense one or more such
guaniities from the manual contral interface 210 to control the conireliable
clement 212 using sensor information. The coupling between ihe sensor 216 and
the controliable element 212 can be any suitapie electrical and/or data couphing

and may comprse a wired and/or wireless couphng.

(00207 in one exampie, the manual control interface 210, the sensor 218, andg the

coniroliable element 212 configuration can funclion as a "steer by wire” vehicie
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steanng control. in this case, the manual control inlerface 210 can comprise a

steenng wheei and the contrgilable element 214 can comprise a directional
control device for a vehicle, such as a steerning mechanism operabie {0 contro!
wheeis of the vehicle. The sensor 260 of the {aclie Teel control device 220 can
oe configured (0 sense a position, velocily, acceleralion, force and/or torgue of
the controliable element 212 or steering mechanism {0 provide active feegdback {0
the manual control interface 210 or steering wheel, Thus, sensed anomalies in
the steenng can be ted back 1o the steenng wheel siecironically o provide an
analog to be sensed by the user {o enhance stesnng control feel of the vehicle.

in one aspect, therefore, the manually operatable system 200 can be used {0

emulale a mechanical device through an elecironic means.

(30217 It should be recognized that the manual control interface 210, the sensor
216, and the controllable element 212 can be of any suifable configuration. For
exampie, ihe manual conirol interface can comprise bution, Keypad, Keyboard,
touch screen, joyshck, and/or any other suilabie tactile control interface for

operaling and/or controlling a controilable element. In one aspect, the

controliable element 212 can comprise a virtual element, such as a coniroliable

aspect or feature of a video game.

(30221 in one aspedct, the control module 250 can comprise a motor drive module

202 operable to cuipul a dnive signal 251 as a pulse width modulation (PVWM)

signal o the electric motor 230 based on the bias 241. For example, the motor
drive module 252 can receive a torque magniiude and/or direction and output a
FPYWM signal conhigured {0 cause the eiecinc molor o rotate and/or apply a torgue

accordingty.

1302371 The schemalic representations ustrated in FiGS. 1 and 2 illusirate two
exampies of a "'manual mode” of operation or control over the controliabie
slements 112, 212, respectively. In other words, the controliable elemenis 114,
212 are oniy caused {0 move by input from the user via the manual control

interfaces 110, 210, respectively,
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[3024] Wilh reference 1o FIG. 3, lllustrated 18 a schemalic representation of a

manually operatable system 300, The system 300 18 simiiar in many respects {o

the sysiem iiusirated in FiG. 1, and includes a manual conirol intertace 310 that
IS movable by a user and a controliable element 312 configured {0 be conirolied
by the manual control interface 310, as well as a tactie feel control device 320
having an electnc motor 330 mechanically coupled 314 {0 the manual control
interface 310. The lactie feel control device 320 also includes a sensor 360, a
feedback module 302, a bias module 340, and a control module 350 to provide a
bias 341 o be applied by the elecinc motor 330 {o the manual control interface
310 based on feedback from the sensor 360. The manually operatable system
300, however, further includes the abiiity 10 receive an external command 370
that can be generated exiernal to the tactile feal control device 320, such as from
a user and/or a conirol device {not shown), which can operate or control the
controliable element 314 independent of or in addiion {0 the manual control
interface 310, Thus, in one aspect, the external command 370 can operale ihe
controliable element 312 In an "autonomaous maode,” which can pe a mode of
operalion where a computer generales the external commanag 370. In one
aspect, represenied conceptually by a swilch 380, the conirel module 350 can be

cperable 1o allermnately receive the external command 370 and the bias 341.

Accordingly, the conirol module 350 can be configured 1o culput a drive signal

351 configured o apply the exiternal command 370 or the bias 341.

[3025] The control module 350 can comprise a command maodule 354 configured

o alternalely apply the bias 341 and the external command 370, as appiicabis,
and ouipul a drive command 355, The control module 350 can also include a
molor drive module 352, as described hereinabove, {0 receive the drive

commanda 355 and oulput the drive signai 331, In one aspect, the drive commana

can comprise a lorgue magnitude and/or a torque direction.

(30261 When receiving the external command 370, the control module 350 can

also receive feedback 362 from the sensor 360, which can govern operation of
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the electnc motor 330 {0 ensure that the exdernal command has been executed.

For exampie, the external command 370 may direct the conirollable eiement 314
{0 a certain position and feedback from the sensor 360 can identify when the
controliable element 312 has reached the position, causing the electric molor 330
o cease gperation. In one aspect, movement of the manual control interface 310
by the user, as sensed and communicated Dy the sensor 3680, can be operable {0
override the external command 370 via the swiich 380, and cause the drive
signat 351 to appiy the bias 341 instead of ine external command 570, For

axampie, movement of the eleciric motor 330, the mechanical coupling 314, the

controliable element 312, and/or the manuat control interface 310 that was not
caused by, oris inconsistent with, the extemai command 370 can be dentifieq

from the sensor 360 feedback, causing the switch 380 1o apply the bias 341, in

anocther aspedct, the switch 380 can be manually actuated by the user, without
movement of ihe manual control interface 310, Thus, the sysiem 300 can be

eftectively operated by computer control and Dy manuail user control,

{30277 Due o the mechanical couphng 314 petwesen the manual control interface
310 and the electric molor 330, movement of the manual control interface 310
causes rotation of the electric molor 330 when moving the controliable element
312, Without an application of the bias 341, the tactile feel {0 the user through

b {1

the manual control interface 310 can be described as "rough,” "toothy,” or
‘coqgy.” Application of the bias 341 can therefore be configured 1o reduce or
efiminaie such undesirable aspects of the {actiie feel due {0 the electric moior 330
and/or the mechanical coupling 314, such as backlash, (o provide a tactile feel

that is "smooth.”

302871 This can be beneficial, for example, in a cinematography camera, where i
is ofien desirable {0 have an elecironic lens drnive, as well as a manual lens grive,

o focus and adjust other elements of the lens. Applying a bias 341 with the

electric motor 330 that is insufficient to cause rotation of the slectnic molor 330

can provide a tactiie feel through the manual control interface 310 that resembies

10
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a weli-lubricated, mechanicaily smooth drive. Thus, when the camera lens s

manuatly adiusied the tactile feel 1o the user can be smooth, which can enhance

the user's ability {0 accurately position the lens, as well as provide a satisfying
and pieasing "high quality” feel from the camera. inslead of the elecinc motor
330 being merely passive or "off’ when the lens is undsr manual control, the
elgctric motor 18 "on” in that the slectnic molor 2330 applies a small ievel of orque
pias, which can be configured o eliminate the roughness otherwise fell when ihe
motor is passively driven. The system 300 can therefore enhance or improve the
tactiie feel of an slectronic drive when manually driven by using slectronics and
ihe electronic motor 330, as opposed to improving the mechanical coupling 314
or other purely mechanical elements. In one aspedt, the system 300 can provide
for digital control via the extemnal command 370 as well as a manual control that

nas an analog or mechanical drive feel.

13029] in one aspect, a tactile feel conirol device as disciosead hersin can includs
electrical, mechanical, or electromechanical componemnts. For example, the
tactie feeal control device 320 can comprnise a swiich to perform the funclions of a
comimand module described hersin. In ancther aspect, any or ail of the
components of a {aclie feel control device can te controtied by machine readable
instructions. For example, one or more of the pias module, the control module,
and/or the feedback module can be under control of a digital processor operable
with suifable software and/or firmware. in gther words, in some embgodiments,

any or ail of the elements of the {aclie feel control device 320 can be computer

controlied or execuied by a computer. In addition, the tactile teel conirol device
320 can include an amplifier (not shown} configured o amplify the drive signal
351 for the electric motor 330, A digital drive signal can be converted {0 analog

orior to such an ampiitier.

(30307 in accordance with one embogdiment of the present invention, a method for
faciitaling a desired {actliie feel of a manually operatable device s disclosed. The

method can comprise providing a bias module operable {0 generate a bias to be
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applied by an elecinc motor configured (o be mechanically coupled {0 a manual

control interface that 1s movable by a user, wherein the pias s conhtigured {o

provide a desired {actile feel {0 the user at the manual control interface. The
method can further comprise providing a control module operable 1o outputl &
drive signal 1o the slectric motor configured 1o apply the bias, wherein the bias is
insutficient, alone, {0 cause movement of the manual control interface.
Additionally, the method can comprise faciifating coupling of the conirol moduie

and the electric motor, such that the drive signal is in communication with the

aelectric motor. i is noted thatl no specific order 1s required in this method, though
generally in one embodiment, these method sieps can be carried oul

sequentially.

(30317 In one aspect, the method can further comprise facilitating inthation of the
arive signal 10 the elecinc motor upon movement of the manual control interface
oy the user. In another aspect, the method can further comprise providing a
Sensor operabie 10 sense at least one of position, velocity, and acceleration of the

manual control interface 1o provide feedback tor agjusting the bias.

130321 it is 1o be undersiood that the embodiments of the invention disclosead are
not imited to the parlicular struclures, process steps, or malerials disciosed

nerein, but are extended 0 eguivalents thereof as would be recognized by those

ordinarily skilled in the relevant arts. it should also be undersiood that
terminology emploved herein i1s used for the purpose of descnbing particuiar

embodiments only and is not intended {0 be imiting.

[3033] Reference throughout this specification 1o "one embodiment” or "an
embodiment” means that a particular teature, structure, or characternstic
described in connection wilh the embodiment 1S inciuded in al least one
embodiment of the present invention. Thus, appearances of the phrases "in one
embodiment” or "in an embpodiment” in vanous places throughout this

specification are nol necessarily all refernng to the same embodiment.

[0034] As used herein, a plurality of Hems, struciural elements, composilional
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elements, and/or malerials may be presented in a common list for convenience.

However, these lisls should pe construed as though each member of the list is
indivicdually identified as a separale and unigue member. Thus, no indivigual
member of such lisl should be consirued as a de faclo equivaient of any other

membper of the same list sgiely based on thelr presentalion in a8 common group

without indications {0 the contrary. in addition, various embodiments anag
exampie of the present invention may be referred {0 herein along with

alternatives for the various components thereot. i s understood that such

embodiments, exampies, and alternatives are not to be construed as de facio
aguivalenis of one ancther, but are {0 be considerad as separaie and

autonomous representations of the present invention.

[3035] Furthermore, the described featuras, structuras, or characteristics may be
combined in any suitable manner in one gr more embodiments. in the
description, numerous specific details are provided, such as exampies of lengihs,
widihs, shapes, elc., to provide a thorough undersianding of embpbodiments of the
invention. One skilled in the relevant art wiill recognize, however, that the
invention can be practiced without one or more of the specific defalls, or with
other methods, components, materiais, etc. In other insiances, weh-Known
structures, materials, or operations are not shown or described in detail {o avoid

ooscuring aspects of the nvention.

(00381 While the foregoing exampiles are ilustrative of the principies of the
present invention in one or more particuiar apphlications, i will be apparent (o
those of ordinary skill in the arl that numerous modifications N form, usage and
details of implementation can be made without the exercise of inventive facuity,
and without departing from the principles and concepls ¢of the invention.
Accordingly, it is not intended thal the nvention pe imiled, axcept as by the

claims set forth below.
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CLAIMS

What (s claimed is;

2.

A factiie feel control device, comprising:

an electric motor configured {0 be mechanically coupled 1o a manual
control intertace that is movabie by a user;

a bias moduie operabie (o generate a bias {0 be appiied by the eleciric
motor, wherein the bias is configured to provide a desired tacliie feeal
{0 the user at the manual control interface; and

a conirol module operable to output a drive signal o the elecine molor
confiqured to apply the bias, wherein the bias is nsufiicient, alone,

o cause movement of the manual control interfaces.

1he factiie feel control device of claim 1, wherein the control module

comprises a motor drive moduie operabie to output the drive signal as a pulse

width modulation (PWM) signal {0 the siectric motor based on the bias.

3.

The tactiie fesal conirol device of claim 1, wherein movement of the manual

control interface by the user inliates the drive signal 1o the electric motor,

4.

1he tactiie feel control device of claim 3, further cCoOmprising a Sensor

operabie o sense al least one of position, veiocily, and acceieralion of the

Tie

nual control interface.,

0.

wit

53

wit

The tactiie fee!l control device of claim 4, wherein the sensor is associaled

N the slectnic motor.

The tactile feel control device of claim 4, wherein the sensor is associated

N ihe manuatl control inlerface.

14
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7. The tactiie feel control device of claim 4, further comprising a teedpack

moduie conhigured (o provide teedback from the sensor tor adiusting the bias.
3. The tacliie teel conltrol device of claim 1, wherein the control moduie is
operabie o alternalely receive an exiemnal command from an external source,

and wherein the drive signal is configured 1o apply the external command.

9. The tactiie feel control device of ¢claim 8, whersin movement of the manual

control interface by the user 1S gperable (o override the external command and

cause the drive signal to apply the bias.

10.  ihe taclie feel control device of claim 1, wherein the control moduie
COMDIISes:
a commanda moduie conhiqured to alternalely apply the bias and the
external command and oulput a drive command,; and
a motor drive module 1o receive the drive command and oulput the drive

signal.

11. The tactile feel conirol device of claim 10, wherein the drive command

comprises at least one of a torgue magnifude and a torgue direction.

12. A manually operatable sysiem, comprising:
a manuai control interface that is movabie by a user; andg
a tactile teel conirol device, having
an eiectric molor mechanically coupled {0 the manual control
intertace,
a bias moduie operable (o generate a dias {0 be applied by the
eleciric motor, wherein the bias is configured (o provide 3
desired tactiie feel to the user al the manual control inlerface,

and

e
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a control module operabie 1o output a drive signal 1o the electric

motor configured {0 apply the pias, wherein the bias s

nsufficient, aione, 10 causea movement of the manual conirol

nterface.

13, The sysiem of claim 14, wherein the electrnic motor is mechanicaily

coupled to the manual control interface via a drive mechanism.

14, The system of claim 13, further comprising a controliable element
configured {0 be controlled by the manual control interface, wherein the drive

mechanism is gperable {0 move the coniroliable element.

15. the system of claim 14, wherein the controliable element comprises a

ens.,

16, the sysiem of claim 12, turther comprising a sensor configured 1o sense at
least one of position, velocity, and acceleration of the manual control interface,
wherein the sensor s operably coupied {0 a controliable slement confiqured 1o be

controlied by the manual control interface using sensor information.

17.  The sysiem of ciaim 16, wherein ihe controliable element comprises a

girectional control gevice 1or a vehicie.

18. A method for faciiitaling a desired {actlile fesl of a manually operatable
device, comprising:

DroVIGING a bias module gperabie 0 generale a pias o be apphed by an
electric motor configured 10 be mechanically coupled 1o a manual
control interface that 1s movabie by a user, wherein the bias is
configured (o provide a desired {actile teel {0 the user al the manual

control interface:

16
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orovigding a control module operabie (o output a drive signal (o the alectric
motor conhigured {0 apply the bias, wheresin the bias is insufficient,
alone, 1o cause movement of the manual control interface; and

faciiitating coupling of the control moduie and the electric molor, such that

the drive signal i1s in communicalion with the slectric motor.

19. The method of claim 18, further comprising faciiitaling inibiation of the drive
signat to the electric motor upon movement of the manual control interface by the

LISET.

20. The method of claim 19, turther comprising providing a sensor operable o
sense at least one of position, velocity, and accealeration of the manual controd

inierface {0 provide feedback for adjusting the bias.

17
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