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(AACMM) includes a manually positionable arm portion 

(73) Assignee: FARO TECHNOLOGIES, INC., having opposed ?rst and second ends, the arm portion includ 
Lake Mary, FL (Us) ing connected arm segments, each arm segment including at 

least one position transducer for producing a position signal, 
a measurement device attached to a ?rst end of the AACMM, 

_ and an electronic circuit Which receives the position signals 
(21) Appl' NO" 13/006’524 from the transducers and provides data corresponding to a 
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_ table AACMM includes identifying a source device from 
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through Which the data is transmitted, the source device 
removably attached to the ?rst end of the AACMM, deter 
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MULTI-FUNCTIONAL COORDINATE 
MEASUREMENT MACHINES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t of provi 
sional application No. 61/296,555 ?led Jan. 20, 2010, the 
content of Which is hereby incorporated by reference in its 
entirety. 

BACKGROUND 

[0002] The present disclosure relates to a coordinate mea 
suring machine, and more particularly to a portable articu 
lated arm coordinate measuring machine having a connector 
on a probe end of the coordinate measuring machine that 
alloWs accessory devices to be removably connected to the 
coordinate measuring machine. 
[0003] Portable articulated arm coordinate measuring 
machines (AACMMs) have found Widespread use in the 
manufacturing or production of parts Where there is a need to 
rapidly and accurately verify the dimensions of the part dur 
ing various stages of the manufacturing or production (e.g., 
machining) of the part. Portable AACMMs represent a vast 
improvement over knoWn stationary or ?xed, cost-intensive 
and relatively dif?cult to use measurement installations, par 
ticularly in the amount of time it takes to perform dimensional 
measurements of relatively complex parts. Typically, a user of 
a portable AACMM simply guides a probe along the surface 
of the part or object to be measured. The measurement data 
are then recorded and provided to the user. In some cases, the 
data are provided to the user in visual form, for example, 
three-dimensional (3-D) form on a computer screen. In other 
cases, the data are provided to the user in numeric form, for 
example When measuring the diameter of a hole, the text 
“Diameter:1.0034” is displayed on a computer screen. 
[0004] An example of a prior art portable articulated arm 
CMM is disclosed in commonly assigned US. Pat. No. 5,402, 
582 (582), Which is incorporated herein by reference in its 
entirety. The ’582 patent discloses a 3-D measuring system 
comprised of a manually-operated articulated arm CMM hav 
ing a support base on one end and a measurement probe at the 
other end. Commonly assigned US. Pat. No. 5,611,147 
(’147), Which is incorporated herein by reference in its 
entirety, discloses a similar articulated arm CMM. In the ’ 147 
patent, the articulated arm CMM includes a number of fea 
tures including an additional rotational axis at the probe end, 
thereby providing for an arm With either a tWo-tWo-tWo or a 
tWo-tWo-three axis con?guration (the latter case being a 
seven axis arm). 
[0005] While existing CMM’s are suitable for their 
intended purposes, What is needed is a portable AACMM that 
alloWs accessory devices to be removably connected to the 
coordinate measuring machine. 

SUMMARY OF THE INVENTION 

[0006] An embodiment is a method of implementing a por 
table articulated arm coordinate measuring machine 
(AACMM) having interchangeable accessories. The portable 
AACMM includes a manually positionable arm portion hav 
ing opposed ?rst and second ends, the arm portion including 
a number of connected arm segments, each arm segment 
including at least one position transducer for producing a 
position signal, a measurement device attached to a ?rst end 
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of the AACMM, and an electronic circuit Which receives the 
position signals from the transducers and provides data cor 
responding to a position of the measurement device. Imple 
menting the portable AACMM includes identifying a source 
device from Which data is received by determining a trans 
mission path through Which the data is transmitted, the source 
device removably attached to the ?rst end of the AACMM via 
a coupler. Implementing the portable AACMM also includes 
determining a data type of the data based upon at least an 
identi?cation of the source device. The source device is 
removably attached to the AACMM. Implementing the por 
table AACMM also includes performing an action on the data 
responsive to the data type, and outputting results of perform 
ing the action to a destination device. 

[0007] Another embodiment is a portable articulated arm 
coordinate measuring machine (AACMM) having inter 
changeable accessories. The portable AACMM includes a 
manually positionable arm portion having opposed ?rst and 
second ends, the arm portion including a plurality of con 
nected arm segments, each of the arm segments including at 
least one position transducer for producing a position signal. 
The portable AACMM also includes a measurement device 
attached to a ?rst end of the AACMM, an electronic circuit for 
receiving the position signals from the transducers and for 
providing data corresponding to a position of the measure 
ment device, a source device removably attached to the ?rst 
end of the portable AACMM via a coupler, the source device 
con?gured to capture data, and logic executable by the elec 
tronic circuit, Wherein the logic identi?es the source device 
from Which the data is received by determining a transmission 
path through Which the data is transmitted. The logic further 
determines a data type of the data based upon at least an 
identi?cation of the source device, performs an action on the 
data responsive to the data type, and outputs results of per 
forming the action to a destination device. 

[0008] A further embodiment is a computer program prod 
uct for implementing a portable articulated arm coordinate 
measuring machine (AACMM), the computer program prod 
uct including a computer storage medium having computer 
readable program code embodied thereon, Which When 
executed by a computer causes the computer to implement a 
method. The method includes identifying a source device 
from Which data is received by determining a transmission 
path through Which the data is transmitted. The source device 
is removably attached to the AACMM. The method also 
includes determining a data type of the data based upon at 
least an identi?cation of the source device, performing an 
action on the data responsive to the data type, and outputting 
results of performing the action to a destination device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Referring noW to the draWings, exemplary embodi 
ments are shoWn Which should not be construed to be limiting 
regarding the entire scope of the disclosure, and Wherein the 
elements are numbered alike in several FIGURES: 

[0010] FIG. 1, including FIGS. 1A and 1B, are perspective 
vieWs of a portable articulated arm coordinate measuring 
machine (AACMM) having embodiments of various aspects 
of the present invention thereWithin; 
[0011] FIG. 2, including FIGS. 2A-2D taken together, is a 
block diagram of electronics utiliZed as part of the AACMM 
of FIG. 1 in accordance With an embodiment; 
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[0012] FIG. 3, including FIGS. 3A and 3B taken together, is 
a block diagram describing detailed features of the electronic 
data processing system of FIG. 2 in accordance With an 
embodiment; 
[0013] FIG. 4 is an isometric vieW of the probe end of the 
AACMM of FIG. 1 With a laser line probe device attached in 
accordance With an embodiment; 
[0014] FIG. 5 is an isometric vieW partially in section of the 
laser line probe device of FIG. 4 in accordance With an 
embodiment; 
[0015] FIG. 6 is an isometric vieW of the probe end of the 
AACMM of FIG. 1 With another removable device attached 
in accordance With an embodiment; 
[0016] FIG. 7 is an isometric vieW of the probe end of the 
AACMM of FIG. 1 With a paint spray device attached in 
accordance With an embodiment; 
[0017] FIG. 8, including FIG. 8-FIG. 8C are vieWs of a 
projected image that is may be adjusted to remain aligned 
With a part feature as a function of the arm position and 
orientation, in accordance With an embodiment of the present 
invention; 
[0018] FIG. 9, including FIGS. 9A-9B are vieWs of a sur 
face of a part With an image projected thereon, Where the 
projected image contains probe guidance and status informa 
tion; 
[0019] FIG. 10 is a perspective vieW of an AACMM With 
tWo projectors mounted onto a probe end and a third projector 
mounted on another portion of the AACMM; 
[0020] FIG. 11 is a perspective vieW of another AACMM 
With tWo projectors mounted onto a probe end; 
[0021] FIG. 12 is a perspective vieW ofanAACMM With a 
projector mounted onto a probe end, Where the projector 
projects an image onto a surface of a part, Where the projected 
image contains hidden features behind the surface of the part; 
and 
[0022] FIG. 13 is a How diagram describing a process for 
implementing the AACMM With removal accessories in 
accordance With an embodiment. 

DETAILED DESCRIPTION 

[0023] Portable articulated arm coordinate measuring 
machines (AACMMs) are used in a variety of applications to 
obtain measurements of obj ects. Embodiments of the present 
invention provide advantages in alloWing an operator to eas 
ily and quickly couple different measurement accessory 
devices to a probe end of the AACMM. Embodiments of the 
present invention provide further advantages in providing for 
integrating some level of control of the probe end With the 
accessory device. Embodiments of the present invention pro 
vide still further advantages in providing poWer and data 
communications to a removable accessory Without having 
external connections or Wiring. 
[0024] FIGS. 1A and 1B illustrate, in perspective, a por 
table articulated arm coordinate measuring machine 
(AACMM) 100 according to various embodiments of the 
present invention, an articulated arm being one type of coor 
dinate measuring machine. As shoWn in FIGS. 1A and 1B, the 
exemplary AACMM 100 may comprise a six or seven axis 
articulated measurement device having a measurement probe 
housing 102 coupled to an arm portion 104 of the AACMM 
100 at one end. The arm portion 104 comprises a ?rst arm 
segment 106 coupled to a second arm segment 108 by a ?rst 
grouping of bearing cartridges 110 (e.g., tWo bearing car 
tridges). A second grouping of bearing cartridges 112 (e.g., 

Jul. 21, 2011 

tWo bearing cartridges) couples the second arm segment 108 
to the measurement probe housing 102. A third grouping of 
bearing cartridges 114 (e. g., three bearing cartridges) couples 
the ?rst arm segment 106 to a base 116 located at the other end 
of the arm portion 104 of the AACMM 100. Each grouping of 
bearing cartridges 110, 112, 114 provides for multiple axes of 
articulated movement. Also, the measurement probe housing 
102 may comprise the shaft of the seventh axis portion of the 
AACMM 100 (e. g., a cartridge containing an encoder system 
that determines movement of the measurement device, for 
example a probe 1 18 and/ or a peripheral device, in the seventh 
axis of the AACMM 100). In use of the AACMM 100, the 
base 116 is typically a?ixed to a Work surface. 

[0025] Each bearing cartridge Within each bearing car 
tridge grouping 110, 112, 114 typically contains an encoder 
system (e.g., an optical encoder system). The encoder system 
(i.e., transducer) provides an indication of the position of the 
respective arm segments 106, 108 and corresponding bearing 
cartridge groupings 110, 112, 114, that all together provide an 
indication of the position of the probe 118 With respect to the 
base 116 (and, thus, the position of the object being measured 
by the AACMM 100 in a certain frame of referenceifor 
example a local or global frame of reference). The arm seg 
ments 106, 108 may be made from a suitably rigid material 
such as but not limited to a carbon composite material for 
example. A portable AACMM 100 With six or seven axes of 
articulated movement (i.e., degrees of freedom) provides 
advantages in alloWing the operator to position the probe 118 
in a desired location Within a 360° area about the base 116 
While providing an arm portion 104 that may be easily 
handled by the operator. HoWever, it should be appreciated 
that the illustration of an arm portion 104 having tWo arm 
segments 106, 108 is for exemplary purposes, and the claimed 
invention should not be so limited. An AACMM 100 may 
have any number of arm segments coupled together by bear 
ing cartridges (and, thus, more or less than six or seven axes 
of articulated movement or degrees of freedom). 
[0026] The probe 118 is detachably mounted to the mea 
surement probe housing 102, Which is connected to bearing 
cartridge grouping 112. A handle 126 is removable With 
respect to the measurement probe housing 102 by Way of, for 
example, a quick-connect interface. The handle 126 may be 
replaced With another device (e.g., a laser line probe, a bar 
code reader), thereby providing advantages in alloWing the 
operator to use different measurement devices With the same 
AACMM 100. In exemplary embodiments, the probe housing 
102 houses a removable probe 118, Which is a contacting 
measurement device and may have different tips 118 that 
physically contact the object to be measured, including, but 
not limited to: ball, touch-sensitive, curved and extension 
type probes. In other embodiments, the measurement is per 
formed, for example, by a non-contacting device such as a 
laser line probe (LLP). In an embodiment, the handle 126 is 
replaced With the LLP using the quick-connect interface. 
Other types of measurement devices may replace the remov 
able handle 126 to provide additional functionality. Examples 
of such measurement devices include, but are not limited to, 
one or more illumination lights, a temperature sensor, a ther 

mal scanner, a bar code scanner, a projector, a paint sprayer, a 
camera, or the like. 

[0027] As shoWn in FIGS. 1A and 1B, the AACMM 100 
includes the removable handle 126 that provides advantages 
in alloWing accessories or functionality to be changed Without 
removing the measurement probe housing 102 from the bear 
















