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Ergonomic Mobile Controller for Coordinate Measuring Machine

Related Applications
(6601} This application claims priority to US. patent application no.
16/679,957, filed November 11, 2019, titled "Ergonomic Mobile Condroller for
(Coordinate Measuring Machine,” and naming Milan Kocic as inventor [Attorney
Docket No. 37401-16301 ]
[0002] The disclosure of the foregoing is incorporated herein by reference, in

its entirety.

Techuical Field
{8003} The present disclosure relates to coordinate measuring machines and,

more particularly, to apparatuses for controlling coordinate measuring machines.

Backeround Axd

18004} Coordinate measuring machines (CMMs) are used for accurately
measuring a wide variety of work pieces. For example, CMMs can measure critical
dimensions of atrcratt engine components, surgical tools, and gun barrels. Precise
and accurate measurements help to ensure that their underlying systems, such as an
aircraft in the case of aircratt components, operate as specified. Measurement of
surtace Hnish, on the other hand, has historically been beyond the abiity of UMMs,

and required specialized tools.

Summary of the Embodiments

{8005} In accordance with one embodiment, a mobile controller for a
coordinate measuring machine includes a housing having a fop face, and a backside

opposite the top face, and sides extending between the top tace and the backside. A
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plurality of frontside controls are disposed on the top face, such that at least some of
the frontside controls are reachable by a thumb of the operator (i.e, a CMM
operator} while holding sides of the mobile controller with both hands. In some
embodiments, at least one of the frontside controls is not reachable by a thumb of
the UMM operator while holding respective sides mobile controller with both hands
asing the ergonomic apparatus.

{8006} The controller also includes an ergonomic apparatus extending from
the backside, the ergonomic apparatus configured to enable the operator to hold the
mobile controller while mitigating tatigue on hands and fingers of the CMM
operator.

[0007] In some evnbodiments, the ergonowmic apparatus includes a gripper
extending cutward from the backside, the gripper shaped and disposed to aliow the
CMM operator to grasp the gripper and support the mobile controller with a single
hand, to enable the CMM operator to manipulate at least one of the trondside
controls with one of the CMM operator’s other hands. In some embodiments, the
eripper has a 1" shape.

[0008] In some embodiments, the ergonomic apparatus includes a concave
trench extending inward from the surface of the backside, and disposed near an
edge of the backside, and shaped to receive three outer fingers of a hand of the
UMM operator, enable the CMM operator to simultaneously: grasp the mobie
controller and support the mobile controller with a single hand, and manipulate at
least one of the frontside controls with another of the CMM operator’s hands.
Moreover, in other embodiments, the ergonomic apparatus includes a set of concave
trenches extending inward from the surface of the backside, each of the trenches
disposed near an edge of the backside, each of the concave trenches shaped to
receive three outer fingers of a hand of the UMM operator, to enable the CMM
operator to simultaneously: grasp the mobile controller and support the mobile
controller with a single hand, and manipulate at least one of the frontside controls

with another of the UMM operator’s hands. For example, in some such
2
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embodiments, the set of concave trenches comprises two concave trenches parallel
to one anothey, each of the two concave trenches disposed near two respective edges
of the mobile controller.

{8009} Any of the toregoing embodiments may include a display screen
disposed on or at the top face of the housing so as to present, to the CMM operator,
information about the operation of the coordinate measuring machine. In some
such embodiments, the display screen is a touchscreen contigured fo receive, from
the UMM operator, control inputs for controlling the coordinate measuring
machine.

[8010] Any of the toregoing embodiments may also include a backside
conirol disposed on the backside of the mobile controller, the backside control
configured to respond fo operator manipulation to: () in a first state, enable the
operator control of a movable feature of the coordinate measuring machine in
response {o operator manipulation of a frondside control, and (b} in a second state,
disable operator control of that movable feature of the coordinate measuring,
machine in response to operator manipulation of the frontside control. In some such
embodiments, the backside control includes a phlurality of buttons, and wherein: (i)
the backside control is contigurable into the first state by the operator pressing at
least one of the plurality buttons; and (i) the backside control is configurable into
the second state by the operator releasing all ot the plurality of buttons. Insome
such embodiments, the backside control is configurable into the first state by the
operator simultaneously pressing at least two of the plurality of buttons.

16011} Another embodiment is a cradle that includes a base contigured to rest
on a Hat surtace; and a nest suspended from the base, the nest contigured to receive
a jogbox and removably couple the jogbox to the cradie,

18012} Some embodiments of the cradle include a set of sidewalls extending
between the base and the cradle, the set of sidewalls suspending the cradie from the

base.
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[8013] Some embodiments of the cradle also include a set of grasping
apertures, each grasping aperture configured to receive a hand of an operator to
aliow fingers to reach a backtace of a jogbox in the nest and to lift the jogbox out of
the nest. In some such embodiments, at least one grasping aperture of the set of
orasping apertures is configured to allow the hand ot the operator to reach and
activate a backside button of a jogbox while the jogbox is secured in the nest.

{0014} Some embodiments of the cradle also include an input electrical
interface configured o receive electrical power and commumnication signals.

(6815} Some embodiments of the cradle also an output electrical interface
configured to provide elecirical power and communication signals to a jogbox

secured in the nest.

Briet Description of the Drawings

18016} The toregoing features of embodiments will be more readily
understood by reference to the following detailed description, taken with reference
to the accompanying drawings, in which:

18017} Fig. 1A schematically iHustrates an embodiment of a coordinate
measurement machine with an embodiment of a jogbox;

0018} Fig. 1B schematically illustrates an embodiment of a workpiece;

E
16019] Fig. 1C schematically ilustrates an embodiment of a control intertace;
(6020} Fig. 1D schematically illustrates an embodiment of a controller;

E

0021} Fig. 1E schematically illustrates an embodiment of a human hand;

{0022} Fig. 2A, Fig. 2B, Fig, 2, Fig. 2D, Fig. 2E, Fig. 2F, and Fig. 20
schematically illustrate views and features of an embodiment of a jogbox;

[0023] Fig. 3A, Iig. 3B, Fig. 3C, Fig. 3D, Fig. 3E, Fig. 3F, Vig. 30, and Fig, 3H
schematically illustrate views and teatures of ancther embodiment of a jogbox;

(06024} Fig. 4A, Fig. 4B, Fig. 4C, Fig. 4D, Fig. 4FE and Fig. 4F schematically

illustrate views of an embodiment ot a jogbox cradie,
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Dietailed Description of Specific Embodiments

10025] Embodiments described herein provide a mobile CMM controller that
inciudes one or more ergonomic apparatuses configured and disposed to allow a
CMM operator to hold and operate the jogbox, while avoiding or mitigating the
tatigue of an operator using the jogbox.

{0026} Definitions. As used in this description and the accompanying claims,
the following terms shall have the meanings indicated, unless the context otherwise
requires:

{0027} The phrase "removably secured,” with respect to two objects, means
that a first object is secured to a second object such that the hirst object holds the
second object in a Hixed position, yet the second object is removable from the first
object without damaging either object, and without having to remove a tastener oy
breaking an adhesive coupling,

(00281 A “set” includes at least one member.

[0029] Figs. 1A-1D schematically lusirate a coordinate measurement
machine 100 (hereinatter “CMM 1007) that may be configured in accordance with
illustrative embodiments.

(0030} As known by those in the arf, a UMM 1s a system configured to
measure one or more features of a work piece 180, An illustrative embodiment ot a
work piece 180 is schematically ilfustrated in Fig. 1B, Typically, a work piece 180
has a specified shape with specitied dimensions, which may be referred-to
collectively as the “geometry” 181 of the work piece 180, As an example, a work
piece 180 may have an edge 182, and a corner 183. A work piece 180 may also have
surtaces, such as a Hat surtace 184, and a carved surface 185, A meeting of two
surfaces may create an inside angle 187. Moreover, each surface may have physical
characteristic such as waviness 188 and/ or surface finish 189, as known in the art. A

work piece 180 may also have a cavity 186, which may also be an aperture through
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the work piece 180. As known in the art, a cavity 186 may have dimensions such as
width and depth, which may in turn define an aspect ratio of the cavity 186.

10031] (UMM Base

{0032} In the tllustrative embodiment of Fig. 1A, the UMM 180 includes a
base 110 having a table T11. The table 111 of the CMM 100 detines an X-Y plane 112
that typically is parallel to the plane of the Hoor 101, and a Z-axis normal to the X-Y
plane, and a corresponding X-Z plane and Y-Z plane. The table 111 also defines a
boundary of a measuring space 113 above the table 111, In some embodiments, the
CMM 100 includes a probe rack 113 configured to hold one or more measuring
senisors 148, A moveable part of the CMM 100 may move to the probe rack 115 and
place a measuring sensor 140 into the probe rack 115, and/or remove another
measuring sensor 140 from the probe rack 115.

13033} Moveable Parts

[0034] The CMM 100 also has movable features (collectively, 120) arranged to
move and orient a measuring sensor 140 {(and in some embodiments, a plurality of
such devices) relative to the work piece 180. As described below, movable teatures
ot the CMM 100 are configured {0 move and orient the measuring sensor 140,
relative 1o the work piece 180, in one dimension {(X-axis; Y-axis; or Z-axis}, two
dimensions (X-Y plane; X-Z plane; or Y-Z plane}, or three dimensions {(a volume
defined by the X-axis, Y-axis, and Z-axis}. Accordingly, the CMM 100 s contigured
to measure the location of one or more teatures of the work piece 180.

10035} The CMM 100 of Fig, TA is known as a "bridge” CMM. Movable
features 120 of the bridge CMM 100 include a bridge 123 movably coupled to the
base 110 by legs 121. The bridge 123 and legs 121 are coniroliably movable relative
to the base 110 along the Y-axis.

18036] To tacilitate motion of the legs relative to the base 118, the legs 121
may be coupled to the base 110 by one or bearings 128. As known in the art, a

bearing may be a roller bearing or an air bearing, to name but a few examples.
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18037} The movable features also include a carriage 125 movably coupled to
the bridge 123, The carriage is configured to controllably move in the X-axis along
the bridge 123. The position of the carriage 125 along the bridge 123 may be
determined by a bridge scale 124 operably coupled to the bridge 123.

[6038] A spindle 126 is moveably coupled to the carriage 125, The spindie
126 1s configured to controllably move in the Z-axis. The position in the Z-axis of
the spindle 126 may be determined by a spindle scale 127 operably coupled fo the
spindle 126, The measuring sensor 140 is operably coupled to the spindle 126.
Consequently, the measuring sensor 140 is controllably movable in three dimensions
relative to @ work piece 180 in the measuring space 113.

[003%9] In some embodiments, the measuring sensor 140 is moveably coupled
to the spindie 126 by an articulated arm 130. For example, the measuring sensor 140
may be movably coupled to the arm 130 by a movable joint 131, The moveable joint
131 allows the orientation of the measuring sensor 140 to be controllably adjusted
relative to the arm 1308, {o provide to the measuring sensor 140 additional degrees of
freedom in the X-axis, Y-axds, and/or Z-axis.

{6040} In other embodiments, which may be generally referred-to as “gantry”
CMMs, the legs 121 stand on the Hoor 101, and the measuring space 113 is defined
relative to the Hoor 101

(0041} In vet other embodiments, the measuring sensor 140 is Hxed to (l.e,,
not movable relative to) the base 110, and the table 111 is movable in one, two or
three dimensions relative to the measuring sensor 140. In some coordinate
measuring machines, the table 111 may also be rotatable in the X-Y plane. In such
embodiments, the CMM 100 moves the work piece 180 relative to the measuring
SenSOT.

18042} In other embodiments, which may be generally referred-fo as
“horizontal arm” CMMs, the bridge 123 is movably coupled to the base 110 to

extend in the Z-axis, and to be conirollably movable along the Y-axis. Insucha
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(MM, the arm 130 is controllably extendable in the X-axis, and controllably movable
up and down the bridge 123 in the Z-axis.

16643} In vet other embodiments, the arm 130 1s articulated. One end of the
arm 130 is fixed to the base 110, and a distal end of the arm 130 is movable relative
to the base 110 in one, two or three dimensions relative to a work piece 180 in the
measuring space 113,

{3044} Sensors

[6045] In some embodiments, the wmeasuring sensor 140 may be a tactie
probe {contigured to detect the location of a point on the work piece 180 by
contacting a probe tip {0 the work piece 180, as known in the art}, a non-contact
probe (configured to detect the location of a point on the work piece 180 without
physically contacting the work piece 180}, such as a capacitive probe or an inductive
probe as known in the art, or an optical probe {(configured to optically detect the
location of a point on the work piece 180}, to name but a few examples.

(6046} In some embodiments, the measuring sensor 140 is a vision sensor that
“sees” the work piece 180. Such a vision sensor may be a camera capable of
tocusing on the work piece 180, or the measurement area 113, and configured to
capture and record still images or video images. Such images, and/ or pixels within
such images, may be analyzed to locate the work piece 180; determine the placement
and/ or orientation of the work piece 180; identity the work piece 180; and/ or
measure the work piece 180, o name but a tew examples.

{0047} Some embodiments of a CMIM 100 may include one, or more than one,
camera 141 contigured such that the measurement envelope 113 is within the teld of
view of the camera 141. Such a camera 141 may be in addition to a measuring
senisoy 140. The camera 141 may be a digital camera configured to capture still
images and/ or video images of the measurement envelope 113, a work piece 180 on
the CMM 141, and/ or the environment arcund the CMM 100, Such images may be
color images, black and white images, and/ or grayscale image, and the camera 141

may output such images as digital data, discrete pixels, or in analog form.
B
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{8048} Some embodiments of a CMM 100 may also include an environmental
sensor 142 contigured to measure one or more characteristics of the environment 102
in which the CMM is placed, and some embodiments may have more than one such
environmental sensor 142. For example, an environmential sensor 142 may be
configured to measure the temperature, pressure, or chemical content of the
atmosphere around the CMM 102, An environmental sensor 142 may also be s
motion sensor, such as an accelerometer or a gyroscope, configured to measure
vibrations of the CMM caused, for example, the by motion of people or objects near
the CMM 100. An environmental sensor 142 may also be a light detector configured
o measure ambient light in the environment 102, which ambient light might, tor
example, interfere with the operation of an optical sensor or vision sensor. Inyet
another embodiment, an environmental sensor 142 may be sound sensor, such as a
microphone, contigured o detect sound energy in the environment.

16049} In operation, the CMM 100 measures the work piece 180 by moving
the measuring sensor 140 relative to the work piece 180 to measure the work piece
180

{350] Control bystem

(86651} Some embodiments of a CMM 108 include a control system 150 {0y
“controller” or “control logic” ) configured to control the CMM 100, and process data
acquired by the CMM, Fig. 1C schematically thustrates an embodiment of a control
system 150 having several modules in electronic communication over a bus 151,

{0052} In general, some or all of the modules may be implemented in one or
more integrated circuils, such as an ASIC, a gate array, a microcontroller, or a
custom circuit, and at least some of the modules may be implemented in non-
fransient computer-implemented code capable of being executed on a computer
processor 157.

[6653] Some embodiments include a computer processor 157, which may be a
microprocessor as avatlable from Intel Corporation, or an implementation of a

processor core, such as an ARM core, to name but a few examples. The computer
$
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processor 157 may have on-board, non-fransient digital memory {e.g., RAM or
ROM) for storing data and/ or computer code, including non-transient instructions
for implementing some or all of the control system operations and methods.

a4
£

Alternately, or in addition, the computer processor 157 may be operably coupled {o
other non-transient digital memory, such as RAM or ROM, or a programmable non-
transient memory circuit for storing such computer code and/or control data.
Consequently, some or all of the functions of the controller 150 may be implemented
in software conbigured o execute on the computer processor.

(66534 The control system 150 includes a communications interface 152
configured to communicate with other parts of the CMM 100, or with external
devices, such as computer 170 via communications link 176. To that end,
communications intertace 152 may include various communications interfaces, such
as an Ethernet connection, a USE port, or a Firewire port, to name but a tew
examples.

(6635} The control system 150 also includes a sensor input 155 operably
coupled 1o one or more sensors, such as a measuring sensor 140 or camera 141, The
sensor input 155 is contigured to recetve electronic signals from sensors, and in
some embodiments to digitize such signals, using a digital to analog ("D/ A"}
converter. The sensor input 155 is coupled to other modules of the control system
150 to provide to such other modules the (digitized) signals recetved from sensors.

[86656] The motion controller 153 is configured to cause motion of one or more
of the movable teatures 120 of the CMM 100. For example, under control of the
computer processor 157, the motion controller 153 may send elecirical control
signals to one or more motors within the CMM 100 to cause movable features 120 of
the CMM 100 to move a measuring sensor 140 to various points within the
measuring space 113 and take measurements of the work piece 180 at such points.
The motion controller 153 may control such motion in response o a measurement

program stored in memory module 156, or stored in computer 170, or in response o

3¢
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manual control by an operator using manual controller 168, to name but a few
examples.

(605871 Measurements taken by the CMM 100 may be stored in a memory
module 156, which includes a non-transient memory. The memory module 156 is
also contigured to store, tor example, a specitication tor a work piece 180 fo be
measured; a specitication for a calibration artitact; an error map; and non-transient
instructions executable on the computer processor 157, to name but a few exampiles.
Such instructions may include, among other things, instructions for controlling the
moveable teatures of the UMM 100 for measuring a work piece 180 and/or a
calibration artifact; instructions for analyzing measurement data; and instructions
tor correcting measurement data {(e.g., with an error map).

[60638] The measurement analyzer 154 is configured to process measurement
data received from one or more sensors, such as measuring sensor 140, In some
embodiments, the measurement analyzer 154 may revise the measurement data, for
example by moditying the measurement data using an error map, and/ or compare
the measurement data to a specitication, for example to assess deviation between a
work piece 180 and a specification for that work piece 180, To that end, the
measurement analyzer 154 may be a programmed digital signal processor
integrated circuit, as known in the art.

(6059} Alternately, or in addition, some embodiments couple the CMM 100
with an external computer (or "host computer”} 170. In a manner similar {o the
control system 150, the host computer 170 has a computer processor such as those
described above, and non-transient computer memory 174, in communication with
the processor of the CMM 100. The memory 174 is configured to hold non-transient
computer instructions capable of being executed by the processor, and/ oy to store
non-transient data, such as data acquired as a result of the measurements of an
object 180 on the base 114

0060} Among other things, the host computer 170 may be a desktop

computer, a tower computer, or a laptop computer, such as those available from
bl
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Dell Inc., or even a tablet computer, such as the iPad™ available from Apple Inc. In
addition to the computer memory 174, the host computer 170 may include a
memory intertace 175, such as a USB port or slot for a memory card configured to
coupie with a non-transient computer readable medium and enable transter of
computer code or data, efc. beftween the computer 170 and the computer readable
mediun,

{3061} The communication Hink 176 between the CMM 100 and the host
computer 170 may be a hardwired cornmection, such as an Ethernet cable, or a
wireless link, such as a Bluetooth link or a Wi-Fi link. The host computer 170 may,
for example, include software to conirol the CMM 100 during use or calibration,
and/or may include software contigured to process data acquired during operation
of the UMM 100. In addition, the host computer 170 may include a user interface
configured to allow a user to manually operate the CMM 100. In some
embodiments, the CMM and/ or the host cornputer 170 may be coupled to one or
more other computers, such as server 179, via a network 178. The network 178 may
be a local area network, or the Internet, to name but two examples.

[0062] Because their relative positions are determined by the action of the
movable features of the CMM 100, the CMM 100 may be considered as having
knowledge of the relative locations of the base 110, and the work piece 180. More
particularly, the computer processor 157 and/ or computer 170 control and store
information about the motions of the movable features. Alternately, or in addition,
the movable features of some embodiments include sensors that sense the locations
ot the table 111 and/or measuring sensor 140, and report that data o the computers
222 or 150. The information about the motion and positions of the table and/or
measuring sensor 140 of the CMM 100 may be recorded in terms of a one-
dimensional {e.g., X, Y, Z}, two-dimensional {e.g., X-Y; X-Z; Y-Z} or three-

dimensional {X-Y-Z} coordinate system referenced to a point on the UMM 100,

b2
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10063} Manual User Interface

10064] Some CMMs also include a manual user interface 160. As shown, the
manual user interface 160 may have controls {e.g., buttons; knobs, elc.) that allow a
user {0 manually operate the CMM 100, Among other things, the interface 160 may
inciude controls that enable the user to change the position of the measuring sensor
140 relative to the work piece 180, For example, a user can move the measuring
senisoy 140 in the X-axis using controls 161, in the Y-axis using controls 162, and/ oy
in the Z-axis using controls 163.

(66653} If the measuring sensor 140 1s a vision sensor, or if the CMM 141
includes a camera 141, then the user can manually move the sensor 140, camera 141,
or change field of view of the vision sensor and/or camera using controls 165, The
user may also focus the vision sensor and/ or camera 141 using control 166 {which
may be a turnable knob in some embodiments) and capture and image, or control
recording of video, using condrol 167,

[8866] As such, the movable features may respond to manual control, or be
under control of the computer processor 157, to move the base 110 and/ or the
measuring sensor 140 relative to one another. Accordingly, this arrangement
permits the object being measured to be presented o the measuring sensor 140 rom
a variety of angles, and in a variety of positions.

{3067] Mobile conlrolier

[0068] Fig. 2A, Fig. 2B, Fig. 2C, Fig. 21, Fig, 2K, Fig. 2F, and Fig. 2
schematically illustrate views and features of an embodiment of a mobile controller
which may be referred-{o as a jogbox {or “pendant”) 200.

18069} The jogbox 200 is not atfixed to the coordinate measuring machine 100
in that its location is movable relative to the coordinate measuring machine 100. The
mobility of the jogbox 200 allows an operator of the coordinate measuring machine
100 to move relative to the coordinate measuring machine 100, and relative to a
work piece 180 on which the coordinate measuring machine 100 operates. Such

mobility may allow the operator o move away from the coordinate measuring

X
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machine 100 for safety reasons, or to get a broader view of the coordinate measuring
machine 100 or the work piece 180. The mobility of the jogbox 200 also allows the
operator to move closer {o the coordinate measuring machine 1030 and the work
piece 180 on which it operates than would be possible using a fixed control console
or computer 170, in order, for example, to examine or adjust the location or
orientation of the work piece 180, or the operation of the coordinate measuring,
machine 100.

[0070] To that end, the jogbox 200 is in data commumnication with the control
system 150, and may be movably coupiled to the control system 150 by a tether 201.
In some embodiments, the jogbox 200 is in data communication with the
communications inderface 152 of the control system 150 via a tether 201 {(which may
be an Ethernet cable, a USB cable, or a Firewire cable, to name but a tew examples),
as schematically illustrated in Fig. 1A, and in other embodiments the jogbox 200 is in
data commumnication with the communications interface 152 of the control system
150 via a wireless commmunications link, such as a Bluetooth connection, etc.

10071} The jogbox 200 includes a number of features that facilitate an
operator’s control of the coordinate measuring machine 100, For example, the
embodiment of Fig. 2A includes a housing 210 having a top side 211, a bottom side
212, a lett side 213, a right side 214. The housing 210 also has a front face 220 that
taces an operator controlling the coordinate measuring machine 100, and a back face
260 opposite the front face 220, The sides 211-214, tront base 220 and back face 260
define an interior 219 of the jogbox, which interior may include circuitry that
enables {0 jogbox to display information on its display screen 231 and respond to
operator input from controls 230

{0072] Some embodiments of the jogbox 200 include a display screen 231
configured to display, to a UMM operator, information about the operation of the
coordinate measuring machine 100.

{0073} Some emmbodiments of the jogbox 200 have one or more conifrols 230 on

the front face 220, For example, in the embodiment of Fig. 24, the display screen
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231 is a touch screen configured to receive user {or “operator” ) input {e.g., tactile
user input such as a screen taps; swipe, etc.). The controls 230 of the embodiment of
Fig. 2A also include a left joystick 232; a right joystick 233, a turnable knob {or roller
ball} 234, a turnable wheel 235, and several buttons 241-248 {collectively 240).

10074} Each of the controls 230 may be configured to receive input from an
operator, and respond by causing an associated action. For example, turning knob
234 or wheel 235 may cause the display screen 231 to change the graphic displayed
thereon, or may cause the joghbox 200 to cause a movable teature 120 of the
coordinate measuring machine 100 to move.

{075] In some embodiments, at least some of the controls 230 are reachable
by an operator’s thumb, when the operator holds the lett side 213 and right side 214
of the jogbox 200 with the operator’s left and right hands, respectively. In some
embodiments, however, at least one of the controls 230 is unreachable by an
operator’s thumb when held in that way. For example, the turnable knob 234 may
be disposed such that the reach of the thumb of an operator of ordinary human size
is insuthicient to operate the turnable knob 234,

{0761 In some embodiments, a control 230 that causes a movable teature 120
of the coordinate measuring machine 100 to move may be enabled only when
another control, such as a backside control 250, is activated. For example, in some
embodiments the backside control 250 is a set of one or more buttons (251 and/or
252}, In such embodiments, a control 230 that causes a movable feature 120 of the
coordinate measuring machine 100 to move may do so {e.g., be enabled) only when
the backside control 250 {e.g. button 251 and/or 252) is pressed or held down. In
other words, in some embodiments, the backside control 250 is configured, in a frst
position or first state, to enable the operator control of a movable teature 120 of the
coordinate measuring machine 100 using a jogbox control 230 and, is configured, in
a second position or second state, to disable operator control of that movable feature

120 of the coordinate measuring machine 100 using a jogbox control 230.
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{0077} Relative to prior art devices, such as the apparatus of US patent
8,081,855, the jogbox 200 is larger, owing for example to the display screen 231, and
its number and arrangement of controls 230,

{86078} The jogbox 200 may also benetit from being more rugged or robust
than prior art devices. For example, a game controller such as an X-Box confroller is
constructed {o withstand life in a typical carpeted tamily room. In contrast, the
jogbox 200 is constructed to survive an indusirial environment, where it may be
handled roughly, and be subject to impact with hard surfaces such as a concrete
floor and/ or portions of a coordinate measuring machine 108, For example, some
embodiments of the jogbox 200 are configured to survive several drops from 6 feet,
and submersion in water for 30 seconds.

(6079} To that end, the inventors found that the housing 210 may benefit from
structural support, such as internal ribbing within the housing 210. Such ribbing
makes the housing 210 stitter than it would be otherwise,

[6080] On the other hand, its size and rugged, robust construction, tends {o
make the jogbox 200 bulkier and heavier than it would otherwise have been, and
heavier and bulkier than prior art controllers. Such bulk and weight may make the
jogbox 200 more difficult for an operator to hold and use. Moreover, such bulk and
weight may increase the operator’s fatigue the longer the jogbox 200 is held,
particularly when the operator holds the jogbox 200 with one hand, for example to
free a second hand to manipulate controls 230,

[0081] Consequently, illustrative embodiments of the jogbox 200 include one
or more ergonomic apparatuses 270 extending from the badk face 260 of the housing
218, The ergonomic apparatuses 270 are configured and disposed to allow an
operator to hold and operate the jogbox 200, while avoiding or mitigating the
fatigue of an operator using the jogbox 200.

[6682] One embodiment of an ergonomic apparatus 270 is a gripper 273
extending outward from the back face 260, the gripper 273 shaped and disposed to

allow the CMM operator 1o grasp the gripper 273 and support the joghox 200 with a
tG
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single hand, so as to allow the UMM operator {o manipulate at least one of the front
side controls 230 with another hand. For example, in some embodiments the
oripper 273 may be described as having a “1” shape, a”Y” shape, or the shape ot a
bone, or wishbone.,

(0083} In some embodiments, the gripper 273 is also a cover for a batfery
compartment 205 disposed inside the housing 210, In illustrative embodiments, the
gripper 273 is shaped and disposed to matably couple {o a receiver {or nest} on
another apparatus {e.g., a cradle, charging stand or holding stand}, so as to be
removably secured to the cradle when the gripper is mated with the receiver. In
some embodiments, the gripper may also include electrical conduits {e.g., power
port 265} fo transmit electrical power from a charging stand {or cradle) to a battery
in a batterv compartment.

{0084} Another embodiment of an ergonomic apparatus 270 is a set of at least
one concave french 271 {and/ or 272), extending inward from the surface of the back
face 260, The concave trench 271 is shaped to receive one or more of an operator’s
fingers, and preferably three outer fingers of a hand of the operator (pinky finger,
ring finger, and center finger), and to allow the CMM operator to grasp the jogbox
200 and support the jogbox 200 with a single hand, so as to allow the operator {o
manipulate at least one of the front side controls 230 with another hand. In
preterred embodiments, the concave trench 271 is disposed near an edge 215 of the
jogbox 200, so as to tacilitate the ability of the operator to place the operator’s fingers
into the concave trench 271, and to facilitate the reception by the concave french 271
ot fingers ot the operator.

(00851 Preferred embodiments include a set of two such concave trenches 271,
272, each disposed near a respective edge 215, 216, This enables the operator to
grasp the jogbox 200 and support the jogbox 200 with either a lett or a right hand, to
enable the operator to manipulate at least one of the tront side controls 230 with the
other hand. The concave trenches 271 and 272 in some embodiments ave parallel to

one another.
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13086] In some embodiments, one or more concave trench 271, and/or 272, is
configured so that the jogbox 200 is held between {secured by} the finger tips and
the ball of the operator's hand (the ball of the operator’s hand being that portion of
the palm from which the fingers depart from the palm; generally, the area between
the distal palmer crease and the palmer digital crease), rather than being held
between the fingers and the center of the palm. This is a departure trom prior art
controllers that are held {contigured to be held} between surtace of tingers and
center of the palm of a plaver’s hand. For example, a standard X-Box controller as
known in the art has two bulbous projections, each configured to be held between
the surface of fingers and the center of the palm of a player’s hand.

[0087] In this way, for example, the concave french 271 or sef of concave
trenches 271 and 272 are contigured to reduce or at least miltigate tatigue of the
operator’s hand, since the operator’s palm is not working to grip the controlier;
and/or to allow greater Hexibility tor motion of and/or reach of the operator’s
thumb, since the palm need not be held against the controller and therefore can
move/arch over the edge to the top face 220 of the jogbox 200.

(30881 Hiustrative embodiments include one or more backside buttons. For
exampie, the embodiment of Fig. 2C includes a first backside button 251 and a
second backside button 252, The backside buttons 251 and 252 are preferably
disposed near the right and left edge of the backside 260 of the jogbox 200.

(0689} In preferred embodiments, each backside button 251 and 252 is
disposed between a trench (271 and 272, respectively} and the nearest side (215 and
216 respectively) of the jogbox 200, In such a configuration, an operator can lift a
tinger {e.g., a forefinger, an index finger, a middle finger) out of a trench and, by
curling that Hinder towards the operator’s palm, can bring the finger to the button
(271 or 272) and press or otherwise active that button. Moreovey, in some
embodiments the jogbox 200 includes a recess {253, 254} corresponding to each
button {201, 252 respectively), and each such button is disposed within the recess

(253, 254, respectively). When so disposed, each recess 253, 254 prevents, or at least
IS
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reduces the chance of, the operator inadvertently pressing or otherwise activating a
button 251, 252 with another part {e.g., the palm} of the operator’s hand.

186090} Fis. 3A, Pig. 3B, Fig. 3C, Fig. 3D, Fig. 3E, Vig, 3k, Fig. 3G and Fig. 3H
schematically illustrate another embodiment of a jogbox 200.

(6091} Fig. 3D schematically illustrates a side view of a joghox 200, and Fig,
3F and Fig. 3G schematically illustrate a cross-section of the jogbox 200 along line A-
A, Fig. 3F schematically illustrates the cross-section of trenches 271 and 272, and also
shows the location of backside buttons 251 and 252 disposed ocutward ot the
trenches 271 and 272, veceptively, so that each backside button 251 and 252 is
disposed between a trench (271, 272} and an edge (215, 216, respectively} formed at
the intersection of a the bottom surface 260 of the jogbox 200 and a side (213, 214
respectively) of the jogbox 200,

{0092} Fig. 31 and Fig. 3F also schematically illustrate a handle 310 extending
trom the back face 260 of the jogbox 200. The handle 310 provides a convenient
structure allowing an operator to hold and carry the jogbox 200, for example, when
the jogbox 200 is not in use. The location of the handle 310 on near the back side 211
ot the jogbox 210 allows an operator {0 hold the handle 310 even when a tether 201 1s
coupled to a port 202 on the front side 212 of the jogbox. In some embodiments, the
handle 310 extends so that it is parallel to the back face 260 of the jogbox 200, to
provide extra stability to the joghox 200 when the jogbox 200 is resting on a Hat
surface. In the embodiment of Fig. 3D, the handle 310 defines an aperture 311
having a width of 26.4 mm, so allow enfvy of a hand of an operator. In the
embodiment of Fig. 3L, the handle has a length of 104.3 mm.

(86093} To facilitate holding the jogbox 200, by one or both hands of an
operator, the jogbox 200 has a thickness from the back tace 260 to the top face 220,
the thickness equal to about the size of the palm of an average adult human, such
that the operator's fingers can extend into a trench (271, 272} while at the same time
the operator's thumb can reach at least some of the controls 230 on the top face 220

ot the jogbox 200, and the operator's palm extends along the side 213 of the
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controller. For example, as schematically iHusirated in Fig. 3F, the thickness of the
jogbox 200, from the bottom 260 to the fop face 220 is 58.0 mm. For those same
reasons, the trench 271 is ottset, as measured trom the side 213 of the jogbox 200, so
as to allow the operator's palm and/or fingers to wrap around the edge 215 of the
jogbox 200, while allowing the operator's fingers o extend info the trench 271 fo
orasp and hold the jogbox 200.

13094] In this embodiment, each trench 271, 272 defines an outer side surface
277, and inmer side surface 279, and a top surface 279. The side surtaces 277, 278
detine a french width, which this embodiment is 27.6 mm. The top surtace 279
defines a trench depth, which in this embodiment is 19.0 mm at its deepest point.

[0095] As schematically iHustrated in Fig. 3G, in illustrative embodiments the
top surface 279 is curved, such that the depth of the trench is deeper towards the
nearest side of the jogbox 200. In other words, as the top surtace 279 extends away
trom the side 213 ot the joghbox 200, the top surtace curves towards the bottom 260 ot
the jogbox 200, In such a configuration, the top surface curves to meet the surtace of
the operator’s finger or fingers, to facilitate support of the joghox 200 by the
operator’s tinger(s).

0096] Cradle

(86697} Fig. 4A, Fig. 4B, Fig. 4C, Fig. 4D, Fig. 4F and Fig. 4F schematically
iftustrates a cradle 400 configured to hold a jogbox 200. Fig. 4B schematically
dlustrates a front view of the cradie 400, Fig. 4C schematically iltustrates a right side
view of the cradie 400, Fig, 4D schematically illustrates a back view of the cradle 400,
Fig, 4F schematically ilustrates a top view of the cradle 400, and Fig,. 4F
schematically tlustrates a bottom view of the cradle 400, Fig. 3A and Fig. 3C each
schematically tllustrates a jogbox 200 supported on and/ or coupled a cradie 400.
The embodiment of Fig. 2A, in some embodiments, may also be supported by
and/or coupled {o a cradie 400,

[86698] The cradle 400 has a base 410 contigured to rest flat on a surface, such

as a tabletop for example.
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{8099} The cradle 400 aiso has a nest 430 (or "receiver’ } configured to receive
a jogbox 200, In illustrative embodiments, the nest 430 is configured to receive a
jogbox 200 and removably couple the jogbox 200 o the cradlie 430, To those ends,
illustrative embodiments of a nest 430 have a shape that is complementary to the
shape of a joghox 200, such that the josbox 200 mates to the nest 430, and the cradle
400 thereby supporis and holds the jogbox 200. In preferred embodiments, the
shape and dimension of the nest 430 are selected so that the jogbox 200, or portion of
the jogbox 200, press-fits or snap-fits into the nest 430 such that the nest 430
securely, but removably, holds the jogbox 200. In such embodiments, the nest 430
may be described as configured to removably secure a jogbox 200 to the cradle 400.

{0100} A set of one or more sidewalls {or “legs” ) 421-424 extend
between the base 410 and the nest 430, to hold the nest 430, and any attached jogbox
200, at a fixed distance from the base 430.

001011 The embodiment of Fig. 4A includes tour sidewalls 421-424,
each of which supporis a corresponding socket 431-434. Each socket 431-434 has a
concave shape that is complementary to a corresponding feature of a jogbox 200.
Collectively, the sockets 431-434 define the nest 430.

(06162} Sidewall 421 and sidewall 423 define a left grasping aperture {or
“lett grasping gap”} 426 between them, and sidewall 422 and sidewall 424 likewise
define a right grasping aperture {or "right grasping gap”) 427 between them. Each
grasping aperture 426, 427 is configured {e.g,., sized and positioned} to receive a
hand of an operator to allow the operator’s fingers {0 reach a back ftace 260 of a
jogbox 200 in the nest, and to release and lift the jogbox 200 out of the nest 430. In
illustrative embodiments, each grasping aperture 426, 427 is configured (e.g., sized

and positioned) to allow the hand of the operator to reach and activate a backside

button (531, 552) of a joghbox 200 while the jogbox 200 is secured in the nest 430,
(00103 Sidewall 423 and sidewall 424 define top aperture 428 between

them. The top aperture 428 is configured {(e.g., sized and disposed) to allow a cable
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to reach and couple to a secondary port 203 {(e.g., a power port or communication
port) on a jogbox 200 when the jogbox 200 is secured in the nest 430,

00104} Sidewall 421 and sidewall 422 define bottom aperture 429
between them. The bottom aperture 429 is contigured (e.g., sized and disposed) to
allow a cable {e.g., 201) to reach and couple o a tether port 202 on a jogbox 200
when the jogbox 200 is secured in the nest 430,

1301 05] in some embodiments, the distance between the base 410 and
the nest 430 ts such that a cradie output intertace makes power and/ or
communications contact with a counterpart interface on a jogbox 200, when a jogbox
200 is disposed in a nest 430. In this way, power and/or communication from the
cradle 400 is provided to the jogbox 200 to allow the jogbox 200 to be operable
and/or charged while in the cradle 480,

00106} (radle input interface

{0107 Some embodiments of the cradie 400 include an input intertface
450 configured to receive a power signal and/ or communication signals, for
providing the same to a jogbox 200 on the cradle 400. For example, one embodiment
ot an input interface 450 includes a power connector 451 contigured to receive a
power cable, which power cable delivers electrical power to the power connector
451. Another embodiment of an input interface 450 includes a communication
conmnector 452 contigured o receive a communication cable such as cable 201 (Fig.
1A}, which communication cable provides communicating signals to and/or carries
communrnication signals from, the cradle 400. Some embodiments of an input
interface include both a power connector 451 and a communication connector 452,
In some embodiments of an input infertace 450, a single connector is configured as
both a power connector 451 and a communication connector 452,

{33108 Cradle output interface

(00109 Some embodiments of the cradie 400 include an output
interface 460 contigured to provide a power signal and/ or communication signals {o

a joghbox 200 on the cradle 4030 {e.g., a joghbox 200 secured in a nest 433). In
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illustrative embodiments, the output interface 460 is in electrical communication
with the input interface 450, to transfer power and/ or communication signals from
the input intertace 450 to the output intertace 4680, and ultimately to a jogbox 200 in
the nest 430.

{0110} To those ends, illustrative embodiments of an output intertace
460 include a power interface 465 contigured to interface to a power port 265 on a
jogbox 200, and disposed on the cradlie 400 so that the power interface 4635 couples to
such a power port 265 when the joghbox 200 is disposed in the nest 4350,

(00111} Hlustrative embodiments of an output interface 460 also include
a communications interface 461 configured and disposed to communicate with a
counterpart communication port 361 on a jogbox 200, when the jogbox 200 is
disposed in the nest 430.

33112 Various embodiments of the present invention may be
characterized by the potential claims listed in the paragraphs tollowing this
parvagraph {and betore the actual daims provided at the end of this application).
These potential claims form a part of the written description of this application.
Accordingly, subject matter of the following potential claims may be presented as
actual claims in later proceedings involving this application or any application
claiming priority based on this application. Inclusion of such potential claims
should not be construed to mean that the actual claims do not cover the subject
matter of the potential claims. Thus, a decision to not present these potential claims
in later proceedings should not be construed as a donation of the subject matter to
the public.

(00113} Without Hmitation, potential subject matter that may be claimed
{(prefaced with the letter “P” so as to avoid confusion with the actual claims
presented below} includes:

(00114] P1. A mobile coniroller for enabling a CMM operator to
control a coordinate measuring machine, the mobile controller comprising: a

housing having a top face, and a backside opposite the top face; a plurality of
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frontside controls disposed on the top tace, wherein at least some of the frontside
confrols are reachable by a thumb of the CMM operator while holding sides of the
mobile controller with both hands; and an ergonomic apparatus extending trom the
backside, the ergonomic apparatus configured o enable the UMM operator to hold
the mobile controlier while mitigating fatigue on hands and fingers of the UMM
operator.

00115] P2. The mobile controlier of P, wherein the ergonomic
apparatus comprises: a gripper extending outward from the backside, the gripper
shaped and disposed to allow the UMM operator to grasp the gripper and support
the mobile controller with a single hand, to enable the UMM operator to manipulate

at least one of the frontside controls with one of the CMM operator’s other hands.

[066116] 3. The mobile controller of claim 2, wherein the gripper has a
T shape.
[06117] P4. The mobile controller of any of P1-P3, wherein the

ergonomic apparatus comprises: a concave rench extending inward from the
surface of the backside, and disposed near an edge of the backside, and shaped to
recetve three outer fingers of a hand of the UMM operator, the concave trench
configured to enable the CMM operator to simultaneocusly: grasp the mobile
controlier and support the mobile controller with a single hand, and manipulate at
least one of the frontside controls with another of the UMM operator’s hands.
00118} P5. The mobile controlier of any ot P1-P4, wherein the
eYgonomic apparatus comprises: a set of concave trenches extending inward from
the surface of the backside, each of the trenches disposed near an edge of the
backside, each of the concave trenches shaped to receive three outer fingers of a
hand of the CMM operator, to enable the CMM operator to simultanecusly: grasp
the mobile controller and support the mobile controller with a single hand, and
manipulate at least one of the frontside controls with another of the UMM operator’s

hands.
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100119] P6. The mobile controller of claim 5, wherein the set of concave
trenches comprises two concave trenches parallel to one another, each of the two
concave renches disposed near two respective edges of the mobile controlier.

1300120} P7. The mobile controller of any of P1-I6 turther comprising a
display screen disposed on or at the top face of the housing so as to present, to the
CMM operator, information about the operation of the coordinate measuring
machine,

006121 P8. The mobile controller of P7 wherein the display screen
comprises a fouchscreen contigured {o receive, from the UMM operator, conirol
inputs for controlling the coordinate measuring machine.

06122] P9, The mobile controller of any of P1-IS, wherein at least one
of the frontside controls 1s not reachable by a thumb ot the CMM operator while
holding respective sides mobile confrolier with both hands using the ergonomic
apparatus,

[06123] P10, The mobile controller of any of P1-P’9, further comprising: a
backside control disposed on the backside of the mobile confroller, the backside
confrol configured fo respond to operator manipulation to: in a birst state, enable the
operator control of a movable feature of the coordinate measuring machine in
response to operator manipulation of a frontside control, and in a second state,
disable operator control of that movable feature ot the coordinate measuring
machine in response {0 operator manipulation of the frontside control.

1331 24] P11. The mobile controller of P10, wherein the backside control
comprises a plurality of buttons, and wherein: the backside control is configurable
into the first state by the operator pressing at least one of the plurality buttons; and
the backside control is configurable into the second state by the operator releasing
all of the plurality of buttons.

[00125] P12, The mobile controller of P11, wherein the backside conitrol
is configurable into the first state by the operator simultaneously pressing at least

two of the plurality of buttons.
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{00126] P13. The mobile controller of any ot P10-P12, fturther comprising
a recess corresponding to a button of the plurality of buttons, wherein said button is
disposed within the recess, such that said recess prevents, or at least reduces the
chance of, the operator inadvertently pressing or otherwise activating the button
with a part of the operator’s hand.

[66127] P21, A cradle comprising: a base configured to rest on a Hat
surface; and a nest suspended from the base, the nest contigured to receive a jogbox
and removably couple the jogbox to the cradie.

[00128§] P22, The cradle of P21, further comprising: a set of sidewalls
extending between the base and the cradle, the set of sidewalis suspending the
cradle from the base.

[66129] P23, The cradle of any of P21-P22, further comprising a set of
grasping apertures, each grasping aperture conficured to receive a hand of an
operator fo allow tingers to reach a backface of a jogbox in the nest and to liff the
jogbox out of the nest.

[ 33130] P24, The cradle of P23 wherein at least one grasping aperture of
the set of grasping apertures is configured to allow the hand of the operator to reach
and activate a backside button of a jogbox while the jogbox is secured in the nest.

100131} P25, The cradie of any of P21-P24 further comprising an input
etectrical interface contigured to recetve electrical power and communication
signals.

[00132] P26. The cradie of P25 further comprising an output electrical
interface configured to provide electrical power and communication signals to a
jogbox secured in the nest.

00133 P27. The cradie of any ot P1-P26, wherein the jogbox comprises
a mobile controller according to any of P1-P13, F31-P35, or a jogbox of any of P41-
P42,

[30134] P21, A coordinate measuring machine mobile controller (or

“jogbox”} comprising: a housing having a front side and a backside and an interior,
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the front side comprising a plurality of conirol actuators; conirol electronics
disposed within the interior housing, the control electronics responsive to human
operator manipulation ot the control actuators to produce control signals to control
motion of movable features of the coordinate measuring machine; a
communications inderface configured to communicate the control signals to the
coordinate measuring machine; and a physical operator interface on the backside of
the housing, the physical operator interface forming at least two concave trenches
extending into the interior from of the backside, the trenches disposed to allow
fingers of the operator to hold the controller with a single hand while manipulating
the actuators with ancther of the operator’s second hands.

001 35] P32. The coordinate measuring machine mobile controlier of
P31, wherein the trenches are disposed to allow fingers of the operator to hold the
controller in an operator-facing position such that the controller is disposed to allow
tingers of the operator to hold the controller with a single hand while manipulating
the actuators with a second hand.

33136} 33, The coordinate measuring machine mobile controller of
anty of P31 - P32, wherein the actuators are selected from a category comprising
knobs, buttons, and icons on a touch screen.

331371 34, The coordinate measuring machine mobile controller of
any of P31 ~ P33, turther comprising a grip on the backside, the grip configured to
secure the controller to a charging station.

33138} P35 The coordinate measuring machine mobile controller of
any of P31 - P34, wherein at least one of the trenches is disposed adjacent to a
respective side of the controller such that a palm ot the operator’s hand seats Hat
against the respective side of the controlier while the fingers of said hand seat into
the trench enabling the operator to hold the controller with a said hand.

(66139 P41, A jogbox comprising: a housing having a top face, and a
backside opposite the top face; control means for receiving operator input to control

a movabile teature of a coordinate measuring machine, the control means disposed
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on the top face of the jogbox; and ergonomic holding means for enabling an operator
to hold the mobile controller while mitigating fatigue on hands and fingers of the
CMM operator, the ergonomic holding means extending from the backside of the
jogbox.

[0140] P42, The jogbox of P41, wherein the ergonomic holding means
comprises: a concave trench extending inward from the backside, the concave
french: disposed near an edge of the backside, and shaped fo receive three outer
tingers of a hand ot the operator to enable the UMM operator to: grasp the jogbox
and support the jogbox with a single hand, and to simultaneously manipulate the

frontside controls means with another of the operator's hands.

00141 The foliowing is a list of reterence numbers used herein:
(00142} 100: Coordinate measuring machine;
[33143] 101: Floor;

130144 ] 102: Environmend;

[00145] 118 Base;

1331 46] 111: Table;

(G0147] 112: Plane;

[00148] 113: Measurement envelope;

133149 115: Probe rack;

01 50] 12(: Moveable features;

(00151 121: Bridge legs;

33152] 122: Table scale;

1001 53] 123: Bridge;

(001541 124: Bridge scale;

[33155] 125: Carriage;

101 56] 126: Spindle;

(00157 127: Spindle scale;

{30158] 1238: Bearing;

301 59] 130 Army;
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113160
00161
100162)
10163)
[0164]
100165
10166
00167
100168
113169)
[30170]
100171)
100172)
(0173
100174
100175
00176]
(00177
100178)
[0179]
(00180
100181)
100182
(00183
1001 84)
100185
(00186
100187
100188]

131: Moveable joint;

132: Kotary encoder;

140: Measuring sensor;
141: Camera;

142 Environmental sensor;
158: Control systeny;

i51: Bus;

152: Communications intertace;

153: Motion Controller;

154: Measurement analyzer;
155: Sensor input;

156: Mlemory;

157: Computer processor;
164: User interface;

161: X-axis controls;

162: Y-axis controls;

163 Z~axis condrols;

165 Camera motion controls:
166: Camera tocus control;
167 Camera record control;
178 Host computer;

171: Screen;

172: Keyboardg;

173: Mouse;

174: Computer memory;

175 Memory interface/ communications port;

176: Communication Hnk;
178: Network;

179 Server;
25
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1301 89] 180: Work piece;

[00100] 181: Geometry;

100191] 182: Edge;

100192] 183: Corner;

(0193] 184: Flat surface;

[00194] 185: Curved surtace;

0195] 186: Cavity;

[G0196] 187: Inside angle;

(30197 188: Waviness;

100198] 189: Surface finish;

0199] 200: Joghox;

100200] 201: Tether;

100201} 202 Tether port;

[00202] 203 Power port or communication port;
[00203] 200 Battery comparbment;
00204] 210: Housing;

[O0205] 211: Top of housing;

(00206] 212: Bottom of housing;

30207 213 Lett side of housing;

[00208] 214: Right side of housing;
30209 215: Left bottom edge of housing;
16021 0] 216: Right bottom edge of housing;
16021 1] 219 Interior ot joghox;

(00212] 228 Front tace of housing;

3021 3] 230: Controls, generally;

(30214] 231: Display screen;

(00215 232: Left joystick;

100216} 233: Right joystick;

(00217 234: Knob;
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1021 8)
(00219]
100220
10221
00222]
100223
10224)
Al

&3]
100226

10227)
{8

100229
100230

L3
E
;
251}
{O0232}
RULPAR]:
32541
{OUZ35]
ULPAT:
257
HO02338]
HH(R239]
{32401
{00241}
3242}
{02451
802441
B3 24 5]
302461

235: Wheel:

24103
2471

Buttons, generally;

Bultton 1;

2 Button 2
v Button 3;
244:
245
246:

Button 4;
Button 5;

Button &;

- Bulton 7;
- Button 8;
: Satety interface;

« First backside bution;

252: Second backside button;

3. First button recess;

1: Second button recess;

: Back face of housing;

o Yower porl;

. Ergonomic apparatuses;

: Lett finger support trench;
272
273

Right finger support frencly

Gripper;

310: Jogbox handle;

311
361:
400
41k

Handle aperture;

Jogbox communication port;

Cradle;

{_radle base;

421-424: Cradle sidewalls:

426
427

Lett grasping aperture;

Right grasping aperture;
31
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0247 423 Top cradie aperture;

[00248] 429: Bottom cradle aperture;

(00249} 426: Lett aperture;

130250] 430: Nest;

0251 ] 431-424; Nest sockets;

[06252] 450: Cradle input interface;

|300253] 451: Cradie power input connector;
[0254] 452: Cradie communication connector;
[00255] 461: Cradle communication intertace;
0256] 465: Cradle power intertace;

[6257] Various embodiments of the invention may be implemented at

ieast in part in any conventional computer programming language. For example,
some embodiments may be implemented in a procedural programming language
(e.g., "C"), or inan object-oriented programming language (e.g., "C++7). Other
embodiments of the invention may be implemented as preprogrammed hardware
elements {e.g., application specific integrated circuits, FPGAs, and digital signal
processors), or other related components.

[00258] In an alternative embodiment, the disclosed apparatus and
methods may be implemented as a computer program product for use with a
computer system. Such implementation may include a series of computery
instructions fixed on a tangible medium, such as a non-fransient computer readable
medium {¢.g., a diskette, CD-ROM, ROM, FLASH memory, or tixed disk}. The series
ot computer instructions can embody all or part of the functionality previously
described herein with respect to the system.

|00259] Those skilled in the art should appreciate that such computer
instructions can be written in a number of programming languages for use with
many computer architectures or operating systems. Furthermore, such instructions

may be stored in any memory device, such as semiconductor, magnetic, optical or
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other memory devices, and may be transmitted using any communications
technology, such as optical, infrared, microwave, or other fransmission technologies.

{00200 Among other ways, such a computer program product may be
distributed as a removable medium with accompanying printed or electronic
documentation {(e.g., shrink wrapped sottware), preloaded with a computer system
(e.¢., on system ROM or tixed disk}, or distributed trom a server or electronic
bulletin board over the network {e.g.,, the Internet or World Wide Web). Of course,
some embodiments of the invention may be implemented as a combination of both
software {¢.g., a computer program product) and hardware. 5till other embodiments
of the invention are implemented as entirely hardware, or entirely software.

002611 The embodiments of the invention described above are
intended to be merely exemplary; numerous variations and modifications will be
apparent to those skilled in the art. All such variations and modifications are
intended to be within the scope of the present invention as defined in any appended

claims.
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What is claimed is:

1. A mobile controller for enabling a coordinate measuring machine {CMM)
operator to control a coordinate measuring machine, the mobile controlley
COMPrising:

a housing having a top face, and a backside opposite the {op face;

a plurality of froniside conirols disposed on the top face, wherein at least
some of the frontside controls are reachable by a thumb ot the CMM operator
while holding sides of the mobile controller with both hands; and

an ergonomic apparatus extending from the backside, the ergonomic
apparatus contigured to enable the CMM operator to hold the mobile controller

while mitigating fatigue on hands and fingers of the UMM operator.

2. The mobile controlier of claim 1, wherein the ergonomic apparatus comprises:

a gripper extending outward from the backside, the gripper shaped and
disposed to allow the CMM operator to grasp the gripper and support the
mobile controiler with a single hand, to enable the CMM operator to manipulate
at least one of the frontside controls with one of the UMM operator’s other

hands,

3. The mobile controller of claim 2, wherein the gripper has a T shape.

4. The mobile controller of claim 1, wherein the ergonomic apparatus comprises:

a concave trench extending inward from the surface of the backside, and
disposed near an edge of the backside, and shaped to receive three outer fingers
of a hand ot the CMM operator, the concave trench contigured to enable the
CMM operator to simultanecusly:

orasp the mobile controller and support the mobile controller with a

single hand, and
34
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manipulate at least one of the frontside controls with another of the CMM

operator' s hands.

5. The mobile controlier of claim 1, wherein the ergonomic apparatus comprises:
a set of concave trenches extending inward from the surface of the backside,
each of the trenches disposed near an edge of the backside,
each of the concave frenches shaped {o receive three outer tingers of a hand
of the UMM operator, to enable the UMM operator to simultaneously:
orasp the mobile controller and support the mobile controller with a
single hand, and
manipulate at least one ot the frontside controls with another of the

CMM operator’s hands.

6. The mobile controller of claim 5, wherein the set of concave trenches comprises
two concave trenches parallel to one another, each of the two concave trenches

disposed near two respective edges of the mobile controller,

7. The mobile controller of claim 1 further comprising a display screen disposed on
or at the top face of the housing so as to present, to the CMM operator, information

about the operation of the coordinate measuring machine.

8. The mobile controller of claim 7 wherein the display screen comprises a
touchscreen configured to receive, from the UMM operator, control inputs for

controliing the coordinate measuring machine.

9. The mobile controlier of claim 1, wherein at least one of the frontside controls is
not reachable by a thumb of the UMM operator while holding respective sides

mobile controller with both hands using the ergonomic apparatus.



WO 2021/096808 PCT/US2020/059703

10, The mobile controlier of claim 1, turther comprising:
a backside control disposed on the backside of the mobile controller, the
backside control configured to respond to operator manipulation to:

in a first state, enable the operator control of a movable feature of the
coordinate measuring machine in response to operator manipulation of a
frontside control, and

in a second state, disable operator control of that movable feature of the
coordinate measuring machine in response to operator manipulation of the

frontside control.

11. The mobile controller of claim 10, wherein the backside confrol comprises a
plurality of buttons, and wherein:
the backside control is contigurable into the first state by the operatfor
pressing at least one of the plurality buttons; and
the backside control is configurable into the second state by the operator

releasing all of the plurality of buttons.

12. The mobile controller of claim 11, wherein the backside control is configurable
into the first state by the operator simultaneously pressing at least two of the

plurality of buttons.

13. A cradle comprising:
a base configured to rest on a fHat surtace; and
a nest suspended from the base, the nest configured to receive a jogbox and

removably couple the jogbox to the cradle.

14, The cradie of claim 13, further comprising:
a set of sidewalls extending between the base and the cradle, the set of

sidewalls suspending the cradle from the base.
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15, The cradie of claim 13, further comprising a set of grasping apertures, each
orasping aperture configured to receive a hand of an operator o allow tingers o

reach a backface of a jogbox in the nest and to lift the jogbox out of the nest.

16. The cradle of claim 15, wherein at least one grasping aperture of the set of
orasping apertures is configured to allow the hand of the operator to reach and

activate a backside button of a jogbox while the joghbox is secured in the nest.

17. The cradle of claim 13 further comprising an input electrical interface contigured

to receive electrical power and communication signals.

18. The cradle of claim 17 further comprising an cutput electrical interface
configured to provide elecirical power and communication signals 1o a jogbox

secured in the nest.

19, A jogbox comprising:
a housing having a top face, and a backside opposite the top face;
confrol means for receiving operator input {o control a movable feature ot a
coordinate measuring machine, the control means disposed on the top tace of the
joghbox; and
ergonontic holding means for enabling an operator to hold the mobile
conitroller while mitigating fatigue on hands and tingers of the UMM operator,

the ergonomic holding means extending from the backside of the jogbox.

20. Thejogbox ot claim 19, wherein the ergonomic holding means comprises:
a concave french extending inward from the backside, the concave trench:

disposed near an edge of the backside, and
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shaped {o receive three outer tingers of a hand ot the operator to enable
the CMM operator {o:
srasp the joghbox and support the jogbox with a single hand, and
to simultaneously manipulate the trontside controls means with

another of the operator’s hands.

38



PCT/US2020/059703

WO 2021/096808

1/16

-,

R a o L O

wan's
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
<

00,0,0,0,0,0,0,004848400

\\-\ﬁp\-\\\ﬁﬁﬁp\\\p\%‘

v} B4

1



PCT/US2020/059703
2/16

WO 2021/096808

GGl
1ndu} Josusg

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

IG1 B 95T

e e

19zAjeuy JUBWSINSES|N 13{]0AUO) UONON . | 9OBSIU| SUOBIIUNWILIOD

O o o o o o ol o o o o o o e o o o e o o o e o o o e o o o e o o o e o o o e o o o e o o o e o o o e o o S o o o S e o o S e o L S e o L S o o L S e o L P P o L P P L L P L L P L L L PP L L L P, -uiilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllllilllt\t\t\t\t\t\t\t\t\t\t\t1 e o o i e o o e o o o e e o o i e o o i e e o o i e o o i e o o i e e o o o i e o o i e o o o o i o o o o i i A o o A L

e e e e
e e

«@F&
e 0G|

ql ‘bi4
7191 at bi Qg1

-
N

! *
% g
. g

/ SN00 4

elowen M m

] .
L GOl €9} — oY)

O
(O B Y



PCT/US2020/059703

WO 2021/096808

3/16

quiny

di].

(Je Joud) 31 "Oi4

di

Jobui4
Pjuen

wied

pueH
O ljed

di

Jobuly
bury

Jabui4
Mjuid



PCT/US2020/059703

WO 2021/096808

4/16

114744 717 GECL 207

rrpgy ALl . )
. Z 7 A A A
IV s A LSS

.
- - L4
v
v

L R R TR
0
..... .

2 WV A.A..l“l.\.l\.is'!“\. . .\..\ - LA I .- ' - ; r '
- ol B RL L . . y iy, . = .
. .4.§x§\\\x}wﬁxﬁ.\ e o Lo, | L R w.vN

v
r -

......

BB X N SN - 2 SV X L A O e N \M.v..v.\\.A\\\\\\\\\\\\\\\b.&...

......................................................

................

......

qqqqqq

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

P S S S N S S N N U N
R

B4 4 4 44949

R EEE T N Y e Y
T I I I T I T T P T

T 4 4 4 4 4 4 444914

SRR P Y A e e e e e
s

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

oy,

.................................

- v
L 4

AROINL LD SOOOERMOE P T
n\.“ - \‘\\ \\E\\\g\ ------ L. -.- ;
et \\l v v ’ . .

.’ h\c\“v” LI R A ’

‘

.
- FUE
-
v - s e w
L LA AR L

POOCa TS ANIS ALt il I 7 F S 7 F SIS F T VR T FF IS I I I F A A AP IS o
PRI AR A A v g o e sl e, ORI T AT
PrrPPrrs PLLLLLLLILLAAAAAAASAPPPPPPLPLISIIISIITPLLP PP PP OLASASPPLIPIPPPIPSPIL ’ PAPAPPPS At A A

v

11c




PCT/US2020/059703

WO 2021/096808

5/16

Clce

4574

€Ll

1L¢

15¢

eld

eG(



PCT/US2020/059703

WO 2021/096808

6/16

16¢

T4

14¢

AL L L T L L L L L L

L LA L L L L

I s e — J—

* * *

*

*

*

NN, N

*

o

. \" ‘.\:\:\.' - ".‘ .‘.‘

*

*

Y

»

. e
)

. * 4
LR \ .
|-~0‘-.0\‘
.

(i .

. e,

c0c¢ ..

‘4 N §‘ e,
: NG oL s ..¥

e $9¢

R

"

D \\\\M\\\\\{'.‘,' .

[4°T4

B R s

. l“\\\\\“.\\ p .\\\\“. . .‘.....'.....'.............. !

14514

e e e e e e e

e VAR SRS L

b

\J

NVVRAR SRR LA A

b

. MM IS T RS,

: \.\--

I

-
L)

i a a kA Ak

cLC



PCT/US2020/059703

WO 2021/096808

7116

14¢



PCT/US2020/059703

WO 2021/096808

8/16

Wbl

\?rxxxrsssxxﬁhaaaax

x - \\hc é\\\\\

A/ S/

\.\ \..\.\.\..\.\.\i \

A \\..i.it
\\\\;_\\

Al alolol

L

\.\\_\w\\\\\\

3z b4

\\\\\\\\\.{2\\

aumm\

Raadh oo )}.Ax‘a\

P (pEPALLLLS .
\o.\ . .\\\\\\\.\\\.0.\.3 :

IRLPLPLLIILS

RRGas

\\}\.\ \\.\\\-\\\\\.\ .__.\ \.\.\\.n\ . .\\\ A




PCT/US2020/059703

WO 2021/096808

9/16

Gt

...........

R Sy . 7
G -, - e ...\\\\...\.Q\ s

vvvvv

s sl

\.\S\c.
e \\\\\ \

........

-

el

42 ‘D1

el

e .\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\ P \.\-
v A

& ...u %\l \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ . \\\\\\§ a.o.o.o.. b i

v
-
v
‘l!
v
. . a.r

=Y4

cld



PCT/US2020/059703

10/16

1ic

SYAN T

-

2% S ..m*_..vx&t%\%% N

RN

WO 2021/096808



PCT/US2020/059703
11/16

WO 2021/096808

ve D14

. .\\\J\Qﬂn\
I R
L ey,

..... e ey,
%
o "ng,
. v - * .

.......

...........

AN

ﬁ\iﬁg\_\\;ﬁ .y

T IS EIIE I

lllll

ARl 7Y

- - o=

RN

SN

- « i - -
- - » . . . . .
. ’ . N . - .
e ' . ’ r B . v . . .
. . . ¥ - . . v v
- . . 4 . . v - aa .
. g - - . - - ™ . » .
. - [ ~ ¥ - e s - - -
’ - . - R - A - 'r.s- . ' -
- . - > - - v - . * .
. A . . . - + .
’ ’ . - .o vy e -
v | v v . . . v
. . . N . - > - - o -
> - [PX » - . ] .- ] rd e e -
. * - ¥ v + JEI r 4 . . . p° » e
. g * - dhd > v + - ,
' . . . v _ .
ki) Ny . i . » .
a » . 2 " . - & £ ’
. - . . .’ v - v

. . 3 - . ) . .+ +

B . . * ‘ . . Yo i
- . . . . » - B . .
’ . . x + -
. * B 3 » . v . -
. - . . -n\a.- . -
e +* - - - a0’ L] . . Hhd v °
- ' soet DY e - * = i + - -
e - - - - v
v . 0 .
e r ’ * 3 r v o4 N = .
r . . - . - .
- . ' . o + . - b -
. . . ’ By + . v . v .
- . - - . - r -
. . . - - v . - » “ -
. . + . . * v <, A%
. . g -

YR A

"""""

00V

00000

.....................
v - . -
.

llllll

v

’ +*

. 0!
» -

L

L a .
.al.‘ r *~
- . .
-

»
L
-

; %

K

v ’
.Y, a
[

V)74

707 0l

00Z



PCT/US2020/059703
12/16

WO 2021/096808

) E
z
A “

B e A A St St Sl St ol o ol o St Sl S A A g

A g AR (A N A A AN s : m
\%\Q\“N\%““ ARSI o N T T T T T S e 2 T S FEFIAAN “n““&“ww\.&\“m\m\\ ‘
e . - \ : N )

O
N

. 3 5

,.nmw . “ ‘

— . .ntu-(.\ “ !

. Pt Syl it . ...3.{.. “ ._w.
n A 4 R .

. LY EFF I WP Err Py Dbl ’

P oy 5 S ’ ' . A AW ¥ %
% i % \g\.{ e “ .nao.-af.

S ..

Y S iy’ " L T VRN Tl
A e e,
R ‘\ B

R
\‘*‘“
-
\
\Y'.
§
g
S X,
K gb»
2
8:3
»j‘. ‘.

,\\.\.\5\7\\\“\ 2 3 %% Nty M,
N \\ A % Lo e
g -N i ws. X7 . .m._”._...v.-.? % é,....snm.. ov..oo
o, ( IO OO il ppd P S o e, i T

& P LPPPIILL O N i b P /e R i o.usf

v T, Kot St P N . . . \_’%
~ L ol SRR o . P v. . ORI, . o e Sl SRR . a,
ha 1 J - A e - e -. “a' ‘s " - N o . . B - . LA L g r - e e . . _. vv plg

- S o . - P o 1~ (P o N, N A .. < ™ . ‘M v - 4 o O defaf ol o 'y atat ot acmOuCulllnln® o O il
.3\.\.‘! Fr P o0 M‘.n‘.u\q\.-.\-\l\.\-\l‘\.\- \\hm’.{\.‘..\l - . "
- e oy S e e e . R T 7~~~ T i S L . » - o .
L i — : e W 2 grrs e s s P attttr 053
- - o s WA N, RV e OO o e N n AR Al T

e’ Atw ot -

------ - - . - - .

A ”}txﬁ.&?”uﬁtw!.n«wmmwu?-;...« .

--------------

B

O

{T-\i
Z\\\

o0 oA .. v
PEA T Adddds wveww. | PRI . AvvvvYveveeW ; -"v LY v i A
o \“. ..... Kl . i v v \.L.._....L.._....L. X . ."v
- ~ Y I BT P, T TV AR B T O K A R v 7 P &%
—— - ““ - S Sl k. e B e NNNNIE Y At e AR ST T »
..1\..\\ . KA
t\r\\.l\ " * e v
il L & 00 taepaawAr S %y e ’
- - i ’e .
% . x §F
ﬁ\-“ ] “ .I-x
& o »*
4% s xy
R : re
m.....“ # n.

4

S

4

S

~ - whoy “

C *

!
|
H
{
{
i
"
}
$
OON P e rclli'!

<L

. - \.\J.{.\..\”\.t AL L EFTEEAETIEL PSS s 4 \ e
AP AFRI A ST EA ,s.\.l\\\\.s\\\\.\t-.\.t..t\.\\.\.. ool
wtietrrlr ot Fr A CPLLLPPLLL PPV I e 50 5 0y o

[ o o " -

bl

- - .

.y

v \\\“7‘;\'\\.\

\?QW‘I\.\'\'

.._‘..Mm\\\‘.\\\\.\\\\\\\\\“ﬂ\.w..”.

FIIC]

i . w
A . .
‘
\ ..v ‘
A . .
‘
\ ..v ‘
z :
‘
\ ..v v
z :
‘
4 .
4 " "
4 o s
73 % : : #
. A " 2.
Z : 3
. o
£33 z v 2t
’7 A " e
A ’ o A
A ? v 4
.“.“ ol v ‘¢
’ 4 ! . ¢
x ! K £
A 4 " +$7
/ 4 " r X
4 e . P
“ . 4 " rx
.... - v “ ."q - .ﬁ“
ﬁ L 25 I i o e e Sl e o o o o o o P o P o P P P o o S o o o P P M y
o“.-. K L ” ‘T
o A e Y %
P EEs A s ssssss sasssssssssssssasasas "N . s
< % " a s ¢ A . -
g, 5 A MN..! A e ...Cu v e " -l. ' .-\.\v Fr
¥ ..v B O.l! . 4 (o bl st \- - - e " \.\.\.l.!.l.b"o)u’ s ¥ K
s. l. ..‘\ .. llllllllll " lllllllll ) L I\‘.
.r.ro . ’ raiddasdt ..,.J..\..\s.\\\t\\\\x\\%\\\\\\A.?“ﬁ\\\\\\%\\\\\\ll\\\\\\....u.\.\x\\\ “

. M. /A

o 5 - . ot g WO
L



PCT/US2020/059703

WO 2021/096808

13/16

AR E BE BN 8 BE L AN SRR NN g BN o|n|1 T epr ...

P At
AR Y P E T Y P T P WU e .
c TS ST BLLL PP LSS St o gttt o o A A A A A A

. B Y
SO

LR 4
0

LI R

.............. s e s e e e e s

3¢ DI

40

v & rh\\.\.\l”i\\.\lal.b

L
L J

: e sd ...“l\.h\
v

W

*

* 4+ 4+
OOOOOOOOO
000000

+*

AR ARRAR KB R R R SRS RS S A

D

23



WO 2021/096808 PCT/US2020/059703
14/16

o 214
213 e 200

Fig. 3F

DETAIL B



WO 2021/096808 PCT/US2020/059703
15/16

271

%,

Fig. 3H

200 “._

212



PCT/US2020/059703
16/16

WO 2021/096808

B i PESLI TS TII L p,

Q 7 N
\ i d t\..l!.
" .l.!.t.l.\.\..\.\.\..\.t.-ﬂﬁ -“ 4 oco
z\\r\ . “Cl - - - “l\. ).’\..\.‘\‘ﬁ “vra Q‘
» -\ID ‘- P fﬁ\!
< A A B SN ’

o

Nk R
b

e e
%

\»&~bvk

- :Q!: M P
. T.\. ’,
-V
CCNCNUL .=
e -
ﬂ; | ] »"
Q\‘. ‘ g
n

LY
\\"“ -y

"
»,
‘v 'w

LI

‘-
- -
AT T R A :
.- \.:\'&\.\ AR R R R R R LR AN

b

il S Y
X
o

N -
Al NP

X
‘\ -
A

“

.n

S

-

h)

L
v“\\“.

.,\.ﬁ-

P L Pl

e ““\ ax !.l..\.\.\\
! AT. u \\\\\\\\\\\\\ ?. w
— Foy . w" ..A.r / uu....\\
.\\V T Fata .Q\\ \...\blh.!lltli.\ S ‘ i

RN )

i 4 4
\.E.. W\i\ Nerrarrsd, |

/
W K
4 x&.
Qv.. “ ’ -J
o-r\ “.W ¢ “ u% V.-t
~ 4 2 ' M 4"
\. -.tV..\\ \\Cl.[ E
; WX S I
S aT sty S
t\\:v L. -\._ . ’l \
7] # \% z 4
Y Y / ‘7
“.v\. -c.‘\ 7 “..
PRI A HAPPYEL L

Fx
e
v’
- - \
.V <
ﬂ\\ \\ ﬂ”ts sQ\
\&ﬂa s.\ barh '

of

-

v o
«\.\\\N\\%

g A




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/059/703

CLASSIFICATION OF SUBJECT MATTER

INV GO1B21/04 G05G9/04/
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOLIB GOSG

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (hame of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 2 154 472 A2 (HEXAGON METROLOGY INC
[US]) 17 February 2010 (2010-02-17)
cited 1n the application
abstract
paragraph [0020] - paragraph [0084]
figures 1, 2, 6-8

X US 2012/229662 Al (LANKALAPALLI KISHORE
[US] ET AL) 13 September 2012 (2012-09-13)
abstract
paragraph [0030] - paragraph [0048]
figures 6-9

X US 20177189800 A1 (CRAIN JOEL M [US])

6 July 2017 (2017-07-06)

abstract

paragraph [0020] - paragraph [0041]
figures 1-10

D Further documents are listed in the continuation of Box C. See patent family annex.

“ Special categories of cited documents : _ _ _ . .
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited_to establish the pup_lication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the ant

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

22 February 2021 29/04/2021

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
sz:((+31-73) 340-3016 Kokkonen, Jukka

Form PCT/ISA/210 (second sheet) (April 2005)



International application No.

PCT/US2020/059/703

INTERNATIONAL SEARCH REPORT

Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:
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because they relate to subject matter not required to be searched by this Authority, namely:

2. |:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

his International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.
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3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions 1n this international application, as follows:

1. claims: 1-12, 19, 20

A mobile controller, or jogbox, for a coordinate measuring
machine, which 1s ergonomically shaped in such a way as to
allow a user to hold 1t for extended periods without being
fatigued.

2. claims: 13-18

A cradle for a jogbox providing a docking station which
allows operating the jogbox while docked using apertures.
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