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ABSTRACT

Various corporate, industry, and regulatory guidelines, best
practices and standards are used in establishing acceptable
levels of accuracy for Volume dimensioning systems used in
commerce. A Volume dimensioning system can determine at
least one distortion value that is indicative of an amount of

Sep.19, 2014

Related U.S. Application Data
(63) Continuation of application No. 13/786,131, filed on
Mar. 5, 2013.

(60) Provisional application No. 61/691,093, filed on Aug.
20, 2012.
fif

Jan. 8, 2015

distortion present in the system and responsive to the amount
of distortion, autonomously after or adjust the units of accu
racy of information reported by the system. Such alteration or
adjustment of units of accuracy may be performed based on
an assessment of the distortion relative to a number of distor

tion thresholds. Responsive to the assessment, the Volume
dimensioning system can adjust a unit of accuracy in a rep
resentation of Volume dimensioning related information.

..

triatists Saisyster
---

sensor subsystem

120- Sterces
if-i-

river

-

if
- to- or

Er

SS syster

- 26a

Microprocessor

i- - - - -

As Sisyster

-

148
-

Syahi Reasier

. s

-------

Patent Application Publication

ift -

Jan. 8, 2015 Sheet 1 of 7

US 2015/0009338A1

it2.
Casera Saisyste.

fiss-

i.

. . . .

... . . . .

alumination subsystem

sensor Subsystes

is no T
i2 -

-

114

age

-

- 24

M

122- Illumination

"I"-125

f4

iiic
star

- -

L- Y m
pse r126
- - -

- - -

S syster

Y

RoMFlash

-130b

RAM \-130a |

130

- - - - - - - - assissists assssssss ssassissi s.s.ssassists assissists; assssss. -

106

User interface subsystem
i3-iDisplay

| five

so sa

112-- 108

Comm subsystem

Y

Keypad

Radio

r

4-g

XXX XXXX XXX XXXYYYYXXX XXXX XXXX XXX

Kestoral HPorto
R-14,
-----33-

C

tion

u0, .

AC subsystem - - -

i Hrid
Reader is
-\-148
Sys: bgs Reasier '-52

Patent Application Publication

Jan. 8, 2015 Sheet 2 of 7

|(Z1,XY2:- |)(2: 902?\
Ø(Ø-21 :\,ILZ)ZALACZ.

{}{}
~~
{{}}

US 2015/0009338A1

Patent Application Publication

Jan. 8, 2015 Sheet 3 of 7

US 2015/0009338A1

Patent Application Publication

Jan. 8, 2015 Sheet 4 of 7

US 2015/0009338A1

Patent Application Publication

Jan. 8, 2015 Sheet 5 of 7

is

502

-RECE WE

US 2015/0009338A1

504

AGE ASA

506

DETERMINE DISTORTION VALUES
.

s SO.8

COMPARE DISTORTION VALUES) witH -"
| FIRST (RECALIBRATION THRESHOLD(S)
8.

--------- cy- kakakakakakksklass asks as awww.www.www.ww.

Si 8

--- Yrvy YYYYYYYYYYYYYYvy

-------------\,W

N^

---

s 2

cir.

-- igSS THAN FIRST Y.

Sos
SHOLDS?

w

Y

Aiii S.

OFERING
pAAiii
ERS "

---, - - - - - - - - - - - - - - - - - - - -issssssssssssssssssss

N

coMPARE
pistortion VALUES witH --"
SECONis (SERViCE REQUiREER
THRESHOiDS

Si6.

w

Y^ E
THRESHOLDS?

Si8

s

provipe T

/

v. Norification,
i.
At ER

TADJUST
units of AccuRACY OF
voivate DiMENSIONING iNFORMATION
RERESENTAFON

( END Y

a

Patent Application Publication

Jan. 8, 2015 Sheet 6 of 7

US 2015/0009338A1

. . 60
SO2

ASSESS Air SCRisi
LEAST ONE SET
OF OPTICAL s Sii S.
W

ASSESSAT liaSF RNE SE: OR
iSiS is NA. iS; Rifi ASS

F.C. 6

604

Patent Application Publication

Jan. 8, 2015 Sheet 7 of 7

ASSEišS 83CA;

US 2015/0009338A1

Elif R - i.if

704

pistortion VALUES
OR CORRECTION
ACORS

STORE
DENTIFIER witH DISTORTION or
VALUES OR CORRECTION FACTORS
-

" —... i. 719, ....
?. 72
FORECASSRY
iSNiFiR

FIC 7

US 2015/0009338 A1

VOLUME DIMENSONING SYSTEM
CALIBRATION SYSTEMS AND METHODS
BACKGROUND

0001 1. Field
0002 This disclosure generally relates to volume dimen
Sioning systems, and particularly to systems and methods
useful in the promoting compliance with governmental or
industry standard calibration guidelines.
0003 2. Description of the Related Art
0004 Volume dimensioning systems are useful for pro
viding dimensional and/or Volumetric information related to
three-dimensional objects. The objects may, for example take
the form of parcels or packages intended for transit via a
carrier (e.g., courier) or other items intended for transit.
Dimensional and/or volumetric information is useful for

example, in providing users with accurate shipping rates
based on the actual size and/or volume of the object being
shipped. Dimensional and/or Volumetric information may be
used by the carrier in selecting and Scheduling appropriately
sized vehicles and/or delivery routes. The ready availability
of dimensional and/or volumetric information for all objects
within a carrier's network assists the carrier in ensuring opti
mal use of available space in the many different vehicles and
containers used in local, interstate, and international ship
ping.
0005 Such may be of particular significant in today's
economy where many businesses rely on “justintime' manu
facturing. Typically, every supplier in the supply chain must
be able to ship necessary components or resources on demand
or with very little lead time. Thus, efficient handling of cargo
is required. It does a Supplier no good to have the desired
goods on hand, if the Supplier cannot readily ship the desired
goods.
0006 Automating Volume dimensioning can speed parcel
intake, improve the overall level of billing accuracy, and
increase the efficiency of cargo handling. Unfortunately, par
cels are not confined to a standard size or shape, and may, in
fact, have virtually any size or shape. Additionally, parcels
may also have specialized shipping and/or handling instruc
tions (e.g., fragile, this side up) that must be followed during
shipping or handling to protect the objects during shipping.
0007 Volume dimensioning devices are used throughout
the package delivery and carriage industry to provide a rapid
way of measuring the overall dimensions of an object and, in
Some instances, to provide shipping rates for the object based
on one or more classes of service. Historically, shipping rates
were principally a function of an objects weight—heavier
objects were assigned higher shipping costs than lighter
objects. However, Such a costing system failed to appreciate
that Volume the Volume occupied by an object also impacted
shipping costs since vehicles were not just limited in gross
vehicle weight, but internal Volume as well. As a consequence
shippers began establishing shipping rates using both volume
and weight as factors considered in determining the ultimate
shipping rate charged to a customer.
0008. The concept of volume dimensioning factors the
shipping Volume of an object into the overall shipping cost of
an object. Thus, objects having a relatively lightweight but a
relatively large physical Volume may have a shipping cost that
exceeds the shipping cost of a physically smaller, but heavier,
object. The use of Volume in determining shipping costs
increased the labor associated with package intake, since
objects could no longer simply be weighed and a cost
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assigned. Instead, to accurately obtain a Volume dimension,
multiple dimensional measurements were taken and used to
determine the volume of the object. Once the volume is deter
mined, a shipping cost is assigned based on the measured
Volume and/or weight of the object. Thus, the shipping cost
charged a customer is a function of the weight of an object, the
volume occupied by the object, or both the weight of and the
Volume occupied by the object. Automated Volume dimen
Sioning systems have replaced the laborious and error prone
derivation of an object's Volume by manually obtaining mul
tiple linear dimensions (e.g., the length, width, height, girth,
etc.) of an object. The accuracy of a quoted shipping rate is
thus dependent upon the accuracy with which an object can be
dimensioned using a Volume dimensioning system.
0009. There exists a need for new dimensioning systems
that may accurately perform Volume dimensioning of objects
including parcels and packages as well as other objects.
BRIEF SUMMARY

0010. The Applicants have developed systems and meth
ods useful for adjusting the reported or displayed dimensional
measurement accuracy and consequently the reported or dis
played shipping or cartage rate obtained using dimensional or
Volumetric data Supplied by the Volume dimensioning sys
tem. The systems and methods described herein take into
consideration the level of distortion (e.g., dimensional distor
tion, optical distortion, etc.) present in the image data pro
vided by Such automated Volume dimensioning systems. In
Some instances, the System adjusts a dimensional accuracy of
a representation of Volume dimensioning information (e.g.,
dimensions, cost based on the measured distortion present in
the Volume dimensioning system). Such may ensure that the
dimensional and shipping cost data generated by the system is
determined using the finest units of accuracy achievable given
the current system operational parameters to reliably provide
the most accurate shipping or cartage costs. Such systems and
methods can be used to promote or facilitate Volume dimen
Sioning system compliance with corporate, industry, or regu
latory standards, best practices, or guidelines, for example
National Institute of Standards (NIST) Handbook 44-2012
Chapter 5.58 "Multiple Dimension Measuring Devices'.
0011. The systems and methods disclosed herein also
facilitate the ongoing, operationally transparent, calibration
of Volume dimensioning systems. Such ongoing calibrations
provide system users and consumers with a degree of confi
dence in the dimensional and shipping cost data provided by
the Volume dimensioning system and also provide an early
indication that the system calibration can no longer be
brought into compliance with corporate, industry, or regula
tory standards, best practices, or guidelines.
0012. A Volume dimensioning system may be Summa
rized as including at least one image sensor that provides
image data representative of a number of images of a field of
view of the at least one image sensor; and a control Subsystem
communicatively coupled to the at least one image sensor to
receive the image data therefrom, the control Subsystem
including at least one nontransitory storage medium and at
least one processor, the at least one nontransitory storage
medium which stores at least one of information or processor
executable instructions; and the at least one processor which:
determines at least one distortion value indicative of an

amount of distortion in the images based at least in part on at
least a portion of a calibration pattern which appears in the
field of view of the at least one image sensor in at least a
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portion of some of the images, the calibration pattern having

indicative of a time and wherein the at least one distortion

a set of defined characteristics; assesses the at least one dis

value and the respective associated data indicative of a date or
data indicative of a time may be stored in the non-transitory
storage medium.
0014) A volume dimensioning method may be summa
rized as including receiving by at least one dimensioning
system processor image data representative of a number of
images in a field of view of at least one image sensor; deter
mining by the at least one dimensioning system processor at

tortion value relative to a number of distortion threshold

values; and adjusts a unit of accuracy in a representation of
Volume dimensioning related information based at least in
part on the assessment of the at least one distortion value
relative to the distortion threshold values.

0013 The at least one processor may determine the at least
one distortion value as at least one set of optical distortion
values and at least one set of dimensional distortion values,

the set of optical distortion values representative of an optical
contribution to distortion in the image data and the set of
dimensional distortion values representative of a dimensional
contribution to distortion in the image data. The at least one
processor may assess the at least one distortion value relative
to a recalibration threshold value that represents distortion
correctable via a self recalibration by the volume dimension
ing system. The at least one processor may assess the at least
one distortion value relative to a service required threshold
value that represents distortion that can only be corrected via
a servicing of the Volume dimensioning system by a service
technician. The at least one processor may adjust the unit of
accuracy in the representation of Volume dimensioning
related information in response to an assessment that the at

least one distortion value indicative of an amount of distortion

in the images based at least in part on at least a portion of a
calibration pattern which appears in the field of view of the at
least one image sensor in at least Some of the images, the
calibration pattern having a set of defined characteristics;
assessing by the at least one dimensioning system processor
the at least one distortion value relative to a number of dis

tortion threshold values stored in a non-transitory storage
medium communicably coupled to the at least one dimen
Sioning system processor, and adjusting by the at least one
dimensioning system processor a unit of accuracy in a repre
sentation of Volume dimensioning related information based
at least in part on the assessment of the at least one distortion
value relative to the distortion threshold values.

value and is below the service required threshold value.
Responsive to the determination that the at least one distor

00.15 Assessing by the at least one dimensioning system
processor the at least one distortion value relative to a number
of distortion threshold values may include determining the at
least one distortion value as at least one set of optical distor

tion value is less than the recalibration threshold value, the at

tion values and at least one set of dimensional distortion

least one processor may recalibrate the volume dimensioning
system to a fine unit of accuracy; and wherein responsive to

values; wherein the set of optical distortion values represents
an optical contribution to distortion in the image data; and
wherein the set of dimensional distortion values represent a
dimensional contribution to distortion in the image data.
Assessing by the at least one dimensioning system processor

least one distortion value exceeds the recalibration threshold

the determination that the at least one distortion value exceeds
the recalibration threshold value and is below the service

required threshold value, the at least one processor may reca
librate the Volume dimensioning system to a coarse unit of
accuracy. The processor may further produce an alert in
response to an assessment that the at least one distortion value
exceeds the service required threshold value. The processor
may further determine at least one of a set of calculated
optical distortion correction factors or a set of calculated
dimensional correction factors in response to an assessment
that the at least one distortion value is within the recalibration

threshold value and wherein the processor may further apply
at least one of the set of calculated optical distortion correc
tion factors or the set of calculated dimensional correction

factors to the image data in determining the Volume dimen
Sioning related information. The processor may adjust a deci
mal place represented to adjust the unit of accuracy in the
representation of Volume dimensioning related information.
The processor may adjust a dimensional unit of measurement
represented to adjust the unit of accuracy in the representation
of Volume dimensioning related information. The processor
may adjust a unit of currency represented to adjust the unit of
accuracy in the representation of Volume dimensioning
related information. The Volume dimensioning system may
further include an illumination Subsystem communicably
coupled to the control Subsystem, the illumination Subsystem
to at least partially illuminate the calibration pattern. The
Volume dimensioning system may further include a Support
structure to receive at least the at least one image sensor Such
that when the at least one image sensor is received by the
Support structure at least a portion of the pattern is within a
field of view of the at least one image sensor. The system may
be fixed or handheld. The at least one distortion value may be
associated with at least one of data indicative of a date or data

the at least one distortion value relative to a number of dis

tortion threshold values may include assessing the at least one
distortion value relative to a recalibration threshold value

representing distortion correctable via a recalibration of the
Volume dimensioning system. Assessing by the at least one
dimensioning system processor the at least one distortion
value relative to a number of distortion threshold values may
include assessing the at least one distortion value relative to a
service required threshold value representing distortion not
correctable via recalibration of the Volume dimensioning sys
tem. Assessing by the at least one dimensioning system pro
cessor the at least one distortion value relative to a number of

distortion threshold values may include assessing the at least
one distortion value to fall between the recalibration thresh

old value and the service required threshold value, represent
ing distortion correctable via a recalibration of the volume
dimensioning system. Adjusting a unit of accuracy in a rep
resentation of Volume dimensioning related information
based at least in part on the assessment of the at least one
distortion value relative to the distortion threshold values may
include recalibrating the Volume dimensioning system to a
fine unit of accuracy responsive to an assessment that the at
least one distortion value relative to the recalibration thresh

old value indicates a distortion correctable via recalibration;

recalibrating the Volume dimensioning system to a coarse
unit of accuracy responsive to an assessment that the at least
one distortion value falls between the recalibration threshold

value and the service required threshold value; and generating
an alert responsive to an assessment that the at least one
distortion value relative to the service required threshold
value indicates a distortion not correctable via recalibration.
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The Volume dimensioning method may further include,
responsive to the determination that the at least one distortion
value is within the recalibration threshold value, determining
by the at least one dimensioning system processor at least one
of a set of calculated optical distortion correction factors or a
set of calculated dimensional correction factors; and applying
at least one of the set of calculated optical distortion correc

enlarged and positioned to improve drawing legibility. Fur
ther, the particular shapes of the elements as drawn, are not
intended to convey any information regarding the actual
shape of the particular elements, and have been solely
selected for ease of recognition in the drawings.
0019 FIG. 1 is a block diagram of an example volume
dimensioning system, according to one illustrated embodi

tion factors or the set of calculated dimensional correction

ment.

factors to the image data in determining the Volume dimen
Sioning related information.
0016 A volume dimensioning controller may be summa
rized as including at least one input communicably coupled to
at least one processor, the at least one input to receive image
data representative of a number of images of a field of view of
at least one image sensor; and at least one processor commu
nicably coupled to the at least one non-transitory storage
medium, the at least one processor to: determine at least one

0020 FIG. 2A is a perspective view of a volume dimen
Sioning system displaying one example of the effects of opti
cal distortion, according to one illustrative embodiment.
0021 FIG. 2B is a perspective view of a volume dimen
Sioning system displaying one example of the effects of
dimensional distortion, according to one illustrative embodi

distortion value indicative of an amount of distortion in the

images based at least in part on at least a portion of a calibra
tion pattern which appears in the field of view of the at least
one image sensor in at least some of the images, the calibra
tion pattern having a set of defined characteristics; assess the
at least one distortion value relative to a number of distortion

threshold values stored in the non-transitory storage medium;
and adjust a unit of accuracy in a representation of Volume
dimensioning related information based at least in part on the
assessment of the at least one distortion value relative to the
distortion threshold values.

0017. The at least one processor may determine the at least
one distortion value as at least one set of optical distortion
values and at least one set of dimensional distortion values,

the set of optical distortion values representative of an optical
contribution to distortion in the image data and the set of
dimensional distortion values representative of a dimensional
contribution to distortion in the image data. The at least one
processor may assess the at least one distortion value relative
to a recalibration threshold value that represents distortion
correctable via a self recalibration by the volume dimension
ing system. The at least one processor may assess the at least
one distortion value relative to a service required threshold
value that represents distortion that can only be corrected via
a servicing of the Volume dimensioning system by a service
technician. The at least one processor may adjust the unit of
accuracy in the representation of Volume dimensioning
related information in response to an assessment that the at
least one distortion value exceeds the recalibration threshold

value and is below the service required threshold value.
Responsive to the determination that the at least one distor
tion value is less than the recalibration threshold value, the at

least one processor may recalibrate the Volume dimensioning
system to a fine unit of accuracy; and wherein responsive to
the determination that the at least one distortion value exceeds
the recalibration threshold value and is below the service

required threshold value, the at least one processor may reca
librate the Volume dimensioning system to a coarse unit of
accuracy.
BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWING(S)
0018. In the drawings, identical reference numbers iden
tify similar elements or acts. The sizes and relative positions
of elements in the drawings are not necessarily drawn to scale.
For example, the shapes of various elements and angles are
not drawn to scale, and Some of these elements are arbitrarily

ment.

0022 FIG. 3 is a perspective view of an example image
sensor received by a stand member and having a reference
pattern disposed in at least a portion of the field of view of the
image sensor, according to one illustrative embodiment.
0023 FIG. 4A is a perspective view of an example volume
dimensioning system reporting dimensions to a first unit of
accuracy based at least in part on at least one determined
distortion value, according to one illustrative embodiment.
0024 FIG. 4B is a perspective view of an example volume
dimensioning system reporting dimensions to a second unit
of based at least in part on at least one determined distortion
value, according to one illustrative embodiment.
0025 FIG. 5 is a flow diagram showing a high level
method of operation of a Volume dimensioning system
including the determination of at least one distortion value
and one or more sets of distortion correction factors, accord

ing to one illustrated embodiment.
0026 FIG. 6 is a flow diagram showing a low level method
of operation of a Volume dimensioning system including an
assessment of at least one set of optical distortion values and
at least one set of dimensional distortion values, according to
one illustrative embodiment.

0027 FIG. 7 is a flow diagram showing a high level
method of operation of a Volume dimensioning system incor
porating the storage and reporting of historical distortion
values or correction factors, according to one illustrated
embodiment.
DETAILED DESCRIPTION

0028. In the following description, certain specific details
are set forth in order to provide a thorough understanding of
various disclosed embodiments. However, one skilled in the

relevant art will recognize that embodiments may be prac
ticed without one or more of these specific details, or with
other methods, components, materials, etc. In other instances,
well-known structures associated with Volume dimensioning
systems, correction of optical and dimensional distortion in
single and compound lens devices, wired, wireless and opti
cal communications systems, and/or automatic data collec
tion (ADC) readers have not been shown or described in detail
to avoid unnecessarily obscuring descriptions of the embodi
mentS.

0029. Unless the context requires otherwise, throughout
the specification and claims which follow, the word “com
prise' and variations thereof. Such as, "comprises' and "com
prising are to be construed in an open, inclusive sense, that is
as “including, but not limited to.”
0030 Reference throughout this specification to “one
embodiment' or “an embodiment’ means that a particular
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feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment.

Thus, the appearances of the phrases “in one embodiment” or
“in an embodiment' in various places throughout this speci
fication are not necessarily all referring to the same embodi
ment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments.

0031. As used in this specification and the appended
claims, the singular forms “a,” “an,” and “the include plural
referents unless the content clearly dictates otherwise. It
should also be noted that the term 'or' is generally employed
in its broadest sense, that is as meaning “and/or unless the
content clearly dictates otherwise.
0032. The headings and Abstract of the Disclosure pro
vided herein are for convenience only and do not interpret the
Scope or meaning of the embodiments.
0033 FIG. 1 shows a volume dimensioning system 100,
according to one illustrated embodiment.
0034. The volume dimensioning system 100 includes a
camera subsystem 102 and control subsystem 104. The vol
ume dimensioning system 100 optionally includes one or
more of: a user interface (UI) subsystem 106; a communica
tions subsystem 108 and/or an automatic data collection
(ADC) subsystem 110.
0035. The various subsystems 102-110 may be communi
catively coupled by one or more couplers (e.g., electrically
conductive paths, wires, optical fibers), for example via one
or more buses 112 (only one shown) and/or control lines 114
(only two shown). The buses 112, or other couplers, may
include power buses or lines, data buses, instruction buses,
address buses, etc., which allow operation of the various
subsystems 102-110 and interaction or intercommunication
therebetween. The various subsystems 102-110 are each dis
cussed in turn, below. While various individual components
are generally easily categorizable into one or another of the
Subsystems, some components may be optionally imple
mented in one or two or more of the subsystems 102-110.
Thus, some components may be illustrated in FIG. 1 as part of
two or more subsystems 102-110. Alternatively, some of the
components illustrated in FIG. 1 as discrete components in
two or more subsystems 102-110 may be present as a single
component within a single subsystem 102-110.
0036. The camera subsystem 102 includes an optional
illumination Subsystem 116 to provide or emit electromag
netic illumination outward from the Volume dimensioning
system 100 into an environment containing a target object
(not shown in FIG. 1) and a sensor subsystem 118 to receive
illumination returned (e.g., reflected, fluoresced) from at least
the target object.
0037. The illumination subsystem 116 includes an illumi
nation device 120. The illumination device 120 may take the
form of an array of individually addressable or controllable
elements, and also may have a variety of forms capable of
producing electromagnetic energy having a spectral content
useful for image collection by the sensor subsystem 118. The
illumination subsystem 116 will typically include an illumi
nation driver 122 which is coupled to control the individually
addressable or controllable elements of the illumination

device 120. Alternatively, the illumination device 120 may be
controlled directly by the control subsystem 104 without the
use of a dedicated illumination driver 122.

0038. In particular, the illumination device 120 is con
trolled to produce or emit modulated electromagnetic energy

Jan. 8, 2015

in a number of wavelengths or ranges of wavelengths. For
instance, illumination may include electromagnetic energy of
wavelengths in an optical range or portion of the electromag
netic spectrum including wavelengths in a human-visible
range orportion (e.g., approximately 390 nm-750 nm) and/or
wavelengths in the near-infrared (NIR) (e.g., approximately
750 nm-1400 nm) or infrared (e.g., approximately 750 nm-1
mm) portions and/or the near-ultraviolet (NUV) (e.g.,
approximately 400 nm-300 nm) or ultraviolet (e.g., approxi
mately 400mm-122 nm) portions of the electromagnetic spec
trum. The particular wavelengths are exemplary and not
meant to be limiting. Other wavelengths of electromagnetic
energy may be employed.
0039. The sensor subsystem 118 includes an image trans
ducer or image sensor 124, typically a two-dimensional array
of photo-sensitive orphoto-responsive elements, for instance
a two-dimensional array of photodiodes or a two-dimensional
array of charge coupled devices (CODs). The sensor sub
system 118 may optionally include a buffer 125 communica
tively coupled to the image sensor 124 to receive or otherwise
acquire image data measured, captured or otherwise sensed or
acquired by the image sensor 124. The buffer 125 may com
prise a non-transitory storage medium capable oftemporarily
storing image data until the image data is further processed by
the volume dimensioning system 100. In at least some
instances, the sensor Subsystem 118 can include one or more
sensors, systems, or devices for reading or scanning one or
more optical machine readable symbols or radio frequency
machine readable devices such as radio frequency identifica
tion (RFID) tags. Some possibly suitable systems are
described in U.S. patent application Ser. No. 12/638,616,
filed Dec. 15, 2009 and published as U.S. patent application
publication no. US 2010-0220894, which is incorporated by
reference herein in its entirety to the extent the subject matter
therein does not contradict or conflict with the subject matter
of the instant application.
0040. The sensor subsystem may further include one or
more distance determination sensors (not shown in FIG. 1)
useful in measuring or otherwise determining the distance
between the volume dimensioning system 100 and one or
more objects within the field of view of the image sensor 124.
Such distance detection sensors can include one or more

time-of-flight sensors, Sonar sensors, or similar. In at least
Some instances the image sensor 124 may advantageously
include one or more distance determination features, for

example parallax measured across all or a portion of the
image sensor 124.
0041. The control subsystem 104 includes one or more
processors 126, for example one or more microprocessors
(one shown) 126a, digital signal processors (DSP one
shown) 126b, application specific integrated circuits (ASIC),
programmable gate arrays (PGA), programmable logic con
trollers (PLC), or the like. While the DSP 126b may be
considered or provided or packaged as part of the control
subsystem 104, the DSP 126b may in some applications be
may be considered or provided or packaged as part of the
camera subsystem 102.
0042. The control subsystem 104 includes at least one
non-transitory storage media 130. For example, the control
Subsystem 104 may include nonvolatile memory, for instance
read only memory (ROM) or NAND Flash memory 130a.
Additionally or alternatively, all or a portion of the at least one
non-transitory storage media 130 may include volatile
memory, for instance dynamic random access memory
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(ROM) 130b. The at least one non-transitory storage media
130 may store one or more computer- or processor-execut
able instructions or data, useful in causing the microproces
sor, DSP or other microcontroller to perform dimensional
functions, Volumetric functions, Volume dimensioning func
tions, shipping cost calculation functions, or combinations
thereof, for example by executing the various methods
described herein.

0043. In some instances the at least one non-transitory
storage media 130 may store or otherwise retain a number of
distortion values indicative of the quantitative or qualitative
degree of distortion present in the image data provided by the
volume dimensioning system 100. Such distortion may be
present as an optical distortion, a dimensional distortion, or
any other type of distortion including chromatic distortion
that causes deviations between the image data and the scene
within the field of view of the sensor subsystem 118. In yet
other instances, the at least one non-transitory storage media
130 may store or otherwise retain a plurality of historical
distortion values, such as a plurality of optical or dimensional
distortion values that permit the historical trending of the
optical or dimensional distortion values. Such historical data
can also play a helpful role in demonstrating an ongoing
compliance with one or more corporate, industry, or regula
tory guidelines, best practices, or standards. In at least some
instances, the at least one non-transitory storage media 130
can store or otherwise retain one or more sets of distortion

correction factors useful in reducing or eliminating one or
more forms of distortion present in the image data provided
by the volume dimensioning system 100.
0044) The optional UI subsystem 106 may include one or
more user interface components which provide information
to a user or allow a user to input information or control
operation of the volume dimensioning system 100.
0045. For example, the UI subsystem 106 may include a
display 132 to visually provide information or control ele
ments to the user. The display 132 may, for example, take the
form of a liquid crystal display (LCD) panel. The display 132
may, for example, take the form of a touch sensitive display,
allowing the display of user selectable icons (e.g., virtual
keypad or keyboard, graphical user interface or GUI ele
ments) in addition to the display of information. The display
132 may be coupled to the control subsystem 104 via a dis
play driver 134 or similar component. The display driver 134
may control the presentation of information and icons on the
display 132. The display driver 134 may additionally process
signals indicative of user inputs made via the display 132.
0046. The UI subsystem 106 may optionally include a
physical keypad or keyboard 136, which allows a user to enter
data and instructions or commands. The physical keypad or
keyboard 136 may be integral to a housing (not shown) of the
volume dimensioning system 100. Alternatively, the optional
physical keypad or keyboard 136 may be separate from the
housing, communicatively coupled thereto via a wireless
connection or wired connection for instance a Universal

Serial Bus (USB(R) interface.
0047. The UI subsystem 106 may optionally include a
speaker 138 to provide audible information, cues and/or alerts
to a user. The UI subsystem 106 may optionally include a
microphone 140 to receive spoken information, instructions
or commands from a user.

0048. The communications subsystem 108 may include
one or more wireless communications components and/or
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one or more wired communications components to allow
communications with devices external from the Volume

dimensioning system 100.
0049. For example the communications subsystem 108
may include one or more radios (e.g., transmitters, receivers,
transceivers) 142 and associated antenna(s) 144. The radio(s)
142 may take any of a large variety of forms using any of a
large variety of communications protocols, for instance IEEE
802.11, including WI-FIR, BLUETOOTHR, various cellular
protocols for instance CDMA, TDMA, EDGE(R), 3G, 4G,
GSM.

0050 Also for example, the communications subsystem
108 may include one or more communications ports 146. The
communications ports 146 may take any of a large variety of
forms, for example wired communications ports for instance
ETHERNETR) ports, USBR) ports, FIREWIRE(R) ports,
THUNDERBOLTR ports, etc. The communications ports
146 may even take the form of wireless ports, for instance an
optical or radio frequency transceiver.
0051. The ADC subsystem 110 may include one or more
ADC readers to perform automatic data collection activities,
for instance with respect to a target object.
0.052 For example, the ADC subsystem 110 may include
a radio frequency identification (RFID) reader or interrogator
148 and associated antenna 150 to wireless read and/or write

to wireless transponders (e.g., RFID tags or transponders)
(not shown). Any of a large variety of RFID readers or inter
rogators 148 may be employed, including fixed or stationary
RFID readers or portable or handheld RFID readers. RFID
reader(s) 148 may be used to read information from a tran
sponder physically or at least proximally associated with a
target object (not shown in FIG.1). Such information may, for
instance, include recipient information including an address
and/or telephone number, sender information including an
address and/or telephone number, specific handling instruc
tions (e.g., fragile, keep a give side up, temperature range,
security information). The RFID reader 148 may also write
information to the transponder, for instance information
indicative of a time and/or place at which the transponder was
read, creating a tracking record.
0053 Also for example, the ADC subsystem 110 may
include a machine-readable symbol reader 152 to wireless
read machine-readable symbols (e.g., one-dimensional or
barcode symbols, two-dimensional or matrix code symbols)
(not shown). Any of a large variety of machine-readable sym
bol readers 152 may be employed. For example, such may
employ scanner based machine-readable symbol readers 152
Such as those that scan a point of light (e.g., laser) across a
symbol and detector light returned from the symbol, and
decoding information encoded in the symbol. Also for
example, such may employ imager based machine-readable
symbol readers 152 such as those that employ flood illumi
nation (e.g., LEDs) of a symbol, detect or capture an image of
the symbol, and decode information encoded in the symbol.
The machine-readable symbol reader(s) 152 may include
fixed or stationary machine-readable symbol readers or por
table or handheld machine-readable symbol readers. The
machine-readable symbol reader(s) 152 may be used to read
information from a machine-readable symbol physically or at
least proximally associated with a target object. Such infor
mation may, for instance, include recipient information
including an address and/or telephone number, sender infor
mation including an address and/or telephone number, spe
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cific handling instructions (e.g., fragile, keep a give side up,
temperature range, security information).
0054 While not illustrated, the volume dimensioning sys
tem 100 may include a self contained, discrete source of
power, for example one or more chemical battery cells, ult
racapacitor cells and/or fuel cells. While also not illustrated,
the Volume dimensioning system 100 may include a recharg
ing circuit, for example to recharge secondary chemical bat
tery cells. Alternatively or additionally, the volume dimen
Sioning system 100 may be wired to an external power source,
Such as mains, residential or commercial power.
0055 FIGS. 2A and 2B illustrate different types of distor
tion visible as a deviation between the pattern image data 212,
222 within the respective systems 100 when compared the
calibration or reference pattern 202. The reference pattern
202 is disposed within the field of view 210 of the at least one
image sensor 124 and comprises alternating squares of white
areas 204 and color areas 206.

0056. The dimensions of the reference pattern 202 are
defined, fixed, and known by the Volume dimensioning sys
tem 100 prior to imaging. This allows the volume dimension
ing system 100 to analyze pattern image data 212, 222 con
taining at least a portion of the reference pattern 202 to assess
or quantify the distortion present in the image and to generate
at least one distortion value indicative of the distortion. The

distortion may be global throughout the image or may be
localized with different portions of the image exhibiting dif
ferent types or amounts of distortion.
0057 FIG. 2A illustrates the effect of an optical distortion
that renders the image with a "pincushion distortion where
the white and colored squares 204, 206 in the original pattern
202 are reproduced in the pattern image data 212 as generally
diamond shaped white and colored areas 214, 216, respec
tively. Although the pincushion distortion illustrated in FIG.
2A is exaggerated, it can be appreciated that any Such or
similar optical distortion may adversely affect to some degree
the Volume dimensioning systems ability to accurately deter
mine dimensional and Volumetric data. Such inaccurate

dimensional and Volumetric data can adversely affect the
system’s ability to provide accurate shipping Volumes and
shipping rates to carriers and consumers.
0058 FIG. 2B illustrates the effect of a dimensional dis
tortion along a single (horizontal) axis where the white and
colored squares 204, 206 in the reference pattern 202 are
reproduced in the pattern image data 222 as generally rectan
gular shaped white and colored areas 224, 226, respectively.
Disproportionate compression of the image data along one
axis (e.g., along the x-axis 230 in FIG. 2B) causes the dimen
sional distortion seen in the pattern image data 222. Con
versely, disproportionate extension of the image data along
two or more axes may result in both dimensional and geo
metric distortion of the reference pattern 202. Although the
dimensional distortion appearing in FIG.2B is exaggerated, it
can be appreciated that any such or similar dimensional or
geometric distortion can also adversely affect the Volume
dimensioning systems ability to accurately determine
dimensional and Volumetric data. Such inaccurate dimen

sional and Volumetric data can adversely affect the systems
ability to provide accurate shipping Volumes and shipping
rates to carriers and consumers.

0059 Although shown in two different figures for clarity
and ease of discussion, optical and dimensional distortion,
along with other forms of distortion Such as color or chro
matic aberration or distortion, may appear in image data
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produced by a volume dimensioning system 100. Such com
binations further complicate the accurate determination of
dimensional or volumetric information therefrom. Uncor

rected, Such optical and dimensional distortion in the image
can cause the calculation or propagation of erroneous dimen
sional information and consequently Volumetric information
and Volume-based shipping cost information.
0060 Optical distortion may be present in the image data
received from the sensor subsystem 118 in many forms. Typi
cal forms of optical distortion present in image data can
include radial distortion, chromatic or spherical aberration,
linear distortion, geometric distortion, and combinations
thereof. Such optical distortion may not necessarily be a
consequence of a latent defect in the sensor subsystem 118
but may be inherent in the design or manufacture of the optics
used to provide the sensor subsystem 118 or characteristic of
the image processing hardware, firmware, or Software
employed by the volume dimensioning system 100. Such
optical distortion may variously be referred to as pincushion
distortion, barrel distortion, or mustache distortion depend
ing on the visual appearance of the distortion present in the
displayed pattern image data 212, 222. Regardless of the
cause, the presence of distortion in the image data compro
mises the ability of the volume dimensioning system 100 to
accurately determine dimensional or Volumetric data for an
object. Uncorrected, such optical and dimensional distortion
may adversely impact the accuracy of the shipping costs
provided by the volume dimensioning system 100 and also
may hinder a shipper's ability to schedule and load shipping
containers, trucks, railcars, or the like based on the dimen
sional and Volumetric data.

0061. In some instances, optical distortion may be present
but non-uniformly distributed across an image. Such distor
tion may result in a portion of an image Suffering little or no
optical distortion while other portions of the same image
suffer significant distortion. For example, little optical distor
tion may be present in the center portion of an image while all
or a portion of the periphery of the same image may suffer a
much greater degree of optical distortion. In other instances a
first type of distortion may be distributed more-or-less uni
formly across the image while a second type of distortion may
be present in one or more localized areas. In yet other
instances, an object of dimensional interest may lie within
only a portion of an optically distorted image captured by the
image sensor. In Such instances, it may be advantageous to
locally correct the distortion present in the area of the image
in which the object of dimensional interest lies. In at least
Some instances, if the type and extent of Such local distortion
present in an image can be assessed or is of a known type,
extent, and/or magnitude, then local dimensional correction
may be possible within the image. The ability to locally
correct distortion present in an image advantageously elimi
nates the application of such distortion correction in portions
of the image having where Such distortion is not present.
0062 Although the reference pattern 202 is depicted as a
checkerboard, any number of machine recognizable indicia
including one or more machine-readable symbols, machine
readable patterns, calibration patterns, calibration targets,
calibration points, or the like may be similarly employed as a
tool for assessing the distortion (e.g., amount, type, location)
present in the image data. Physical parameters associated
with the reference pattern 202 can be provided to the volume
dimensioning system 100 either as one or more factory set
tings (e.g., preloaded values placed into the read only portion
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of the non-transitory storage medium) or communicated to
the Volume dimensioning system (e.g., via a network, Blue
tooth, or similar connection). All or a portion of such physical
parameters may include color information associated with the
reference pattern 202 including the overall reference pattern
size, the size of the white areas 204, the size of the colored

areas 206, or combinations thereof. All or a portion of such
physical parameters may include the spatial or geometric
relationship between the various white and colored areas 204,
206 in the reference pattern 202. All or a portion of such
physical parameters may include information encoded into
one or more regions orportions of the reference pattern 202 in
the form of one or more machine readable indicia or symbols.
Pattern image data 212, 214 is used by the at least one pro
cessor 126 to detect and quantify the distortion (e.g., optical
or dimensional distortion) present in the image data using the
one or more known physical parameters. The quantity of
distortion present may be expressed as at least one distortion
value. In at least some instances, all or a portion of the refer
ence pattern 202 may be useful in calibrating the volume
dimensioning system 100.
0063. In at least some instances, the entire electromag
netic spectrum reflected or otherwise returned from the ref
erence pattern 202 may be used by the at least one processor
126 to determine all or a portion of the at least one distortion
value. In other instances, only a portion of the electromag
netic spectrum reflected or otherwise returned from the ref
erence pattern 202 may be used by the at least one processor
126 to determine the at least one distortion value. In some

instances, the reference pattern 202 may return pattern image
data unique to the electromagnetic spectrum illuminating the
reference pattern 202 (e.g., the pattern image data returned in
a near-ultraviolet spectrum may differ from that returned in a
visible spectrum). Portions of the electromagnetic spectrum
used by the at least one processor 126 may include, but are not
limited to, the near ultraviolet portion of the electromagnetic
spectrum, the near infrared portion of the electromagnetic
spectrum, one or more portions of the visible electromagnetic
spectrum, or any portion of combination thereof.
0064. Although the entire reference pattern 202 is shown
within the field of view 210 of the image sensor 124 in both
FIGS. 2A and 2B, only a portion of the reference pattern 202
need be within the field of view 210 of the image sensor 124
to permit the at least one processor 126 to determine the at
least one distortion value indicative of the distortion present
in the pattern image data 212, 222. Additionally, only a por
tion of the reference pattern 202 need be within the field of
view 210 of the image sensor 124 to permit the at least one
processor 126 to determine a number of sets of distortion
correction factors (e.g., one or more sets of optical or dimen
sional distortion correction factors) that are useful in reducing
or eliminating the effect of distortion on the accuracy of
dimensional, Volumetric, Volume dimensioning or cost data
provided by the volume dimensioning system 100.
0065 Identification data may in some instances be cre
ated, generated or otherwise provided by the at least one
processor 126 and associated with the at least one determined
distortion value. Such identification data may include chro
nological data Such as data indicative of the date or the time at
which the at least one distortion value was obtained, calcu

lated, or otherwise determined by the at least one processor
126. Such identification data may include chronological data
such as data indicative of the date or the time at which one or

more sets of distortion correction factors are determined by
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the at least one processor 126. Such identification data may
include chronological data associated with system events
(e.g., distortion value determination, distortion correction
determination, System calibration, a change in System units of
accuracy, a change in System configuration, etc.) that are
recommended or required for compliance with one or more
corporate, industry, or regulatory guidelines, best practices,
or standards.

0066. The determined at least one distortion value along
with the respective associated identification data may be at
least partially stored in the at least one non-transitory storage
media 130. Maintaining a history of the determined at least
one distortion value may advantageously provide the ability
for the one or more processors 126 to predict expected future
distortion values and to detect Sudden or unexpected changes
in the level or magnitude of the determined at least one
distortion value. Sudden changes in the at least one distortion
value may, for example, indicate an unexpected change in
performance of the volume dimensioning system 100. The
ability to predict future expected distortion values may, for
example, be useful in providing a predicted replacement
interval or an expected remaining service life for the volume
dimensioning system 100.
0067. In at least some instances, the volume dimensioning
system 100 can generate an output that includes both identi
fication data and the associated at least one distortion value

either as a visible output on user interface 132 or as a data
output transmitted via the communication subsystem 108 to
an external device such as a non-transitory data storage loca
tion on a local network or in the cloud or an external display
device Such as a printer or similar data output device.
0068. At least some instances, the at least one processor
126 can calculate or otherwise determine one or more sets of

distortion correction factors (e.g., one or more sets of optical
distortion factors or one or more sets of dimensional distor

tion factors) based in whole or in part on the determined at
least one distortion value. When within a first set of distortion

threshold values, the volume dimensioning system 100 may
use the distortion correction factors to reduce or even elimi

nate the effects of distortion, improving the dimensional,
Volumetric, and resultant shipping cost calculation capabili
ties of the volume dimensioning system 100.
0069. The at least one processor 126 may determine the
distortion correction factors using one or more numerical
distortion correction methods. Numerical distortion correc

tion methods may, for example, include Brown's distortion
model or other similar mathematical distortion correction

methods or schemes. One or more graphical distortion cor
rection methods may also be used alone or in cooperation
with one or more numerical distortion correction methods.

0070. In some instances, the at least one processor 126
may use the entire electromagnetic spectrum of the image
provided by the sensor subsystem 118 to determine all or a
portion of the one or more distortion correction factors. In
other instances, the at least one processor may use a portion of
the electromagnetic spectrum of the image provided by the
sensor subsystem 118 to determine the one or more distortion
correction factors. The use of sets of distortion correction

factors in one or more portions of the electromagnetic spec
trum may in Some instances advantageously provide the abil
ity to partially or completely correct at least a portion of the
chromatic aberration present in the image data provided by
the sensor subsystem 118.
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0071. Dimensional distortion such as that shown in FIG.
2B may cause the generally square areas of one color (e.g.,
white 214) and areas of a second color (e.g., black 216) within
the reference pattern 202 to appear as compressed rectangular
or trapezoidal areas in the pattern image data 222. Such
dimensional or geometric distortion may be evenly or
unevenly distributed along one or more principal axes. For
example, in FIG. 2B dimensional distortion may be present
along the X-axis 222, the y-axis 224, or along both axes. Some
or all of the dimensional distortion may be linear or nonlinear.
In addition, although illustrated along two principal axes,
dimensional distortion may be present along a third axis as
well. In the example shown in FIG. 2B, dimensional distor
tion is present only along the x-axis 230, wherein each of the
respective areas of one color (e.g., white 214) and areas of the
other color (e.g., black 216) have been reduced in width along
the x-axis 230 by approximately 40%. Conversely, little or no
dimensional distortion has occurred along the y-axis 232.
0072. In at least some instances the distortion present in
the image data may include both optical and dimensional
distortion. In such instances the one or more processors 126
may calculate multiple distortion values including at least one
optical distortion value indicative of the level of optical dis
tortion present in the image data and at least one dimensional
distortion value indicative of the level of dimensional distor

tion present in the image data. The at least one optical distor
tion value and the at least one dimensional distortion value

may be stored or otherwise retained individually within the
non-transitory storage media 130 or alternatively may be
combined to provide at least one combined distortion value
reflective of both the optical and dimensional distortion
present in the image data.
0073. Using one or more calibration parameters of the
reference pattern 202 and based on the determined at least one
distortion value, the one or more processors 126 can deter
mine or otherwise generate one or more sets of distortion
correction factors. Such sets of distortion correction factors

can include one or more sets of optical distortion correction
factors, one or more sets of dimensional distortion correction
factors, or combinations thereof. The one or more sets of

distortion correction factors can be wholly or partially stored
or otherwise retained in the at least one non-transitory storage
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placed. For example, the reference pattern 202 may appear in
the field of view of the at least one image sensor 124 when the
volume dimensioning system 110 is moved from a “storage'
position or location to a “ready position or location, or from
a “ready position or location to a “storage' position or loca
tion. In yet other instances, the Volume dimensioning system
100 may provide one or more human perceptible indicators or
signals that prompt a user to at least partially align the Volume
dimensioning system 100 with the reference pattern 202 to
permit the system to perform a distortion correction or cali
bration.

0075. In other instances, determination of the at least one
distortion value and optionally the determination of the at
least one set of distortion correction factors may occur as a
portion of the volume dimensioning system 100 calibration
routine. For example, in some instances, the at least one
distortion value may be determined prior to the performance
of a Volume dimensioning system calibration to improve or
otherwise enhance the level of accuracy of the calibration. In
Some instances, such distortion correction or calibration rou

tines may be time-based and conducted at regular or irregular
intervals. In other instances, such distortion correction or

calibration routines may be performance related and con
ducted based upon one or more measured system perfor
mance parameters. In yet other instances, such distortion
correction or calibration routines may be time and perfor
mance based to comply with one or more corporate, industry,
or regulatory standards, best practices, or guidelines.
007.6 Advantageously, the ability to detect the presence of
distortion present in the image data, to quantify the distortion
using at least one distortion value, to optionally determine
one or more sets of distortion correction factors, and to

optionally incorporate both into a Volume dimensioning sys
tem calibration procedure reduces the likelihood of the vol
ume dimensioning system 100 providing erroneous linear,
Volumetric, or shipping cost information. Such periodic
detection and quantification of distortion present in the image
data may be conducted on an automatic (i.e., system gener
ated) or manual (i.e., at user discretion) basis at regular or
irregular intervals.
0077 FIG. 3 shows a volume dimensioning system 100
that has been received by an exemplary support member 302

media 130. The one or more sets of distortion correction

Such as a stand or cradle. In at least Some instances, at least a

factors are used by the at least one processor 126 to reduce or
eliminate the effects of distortion present in the image data on

portion of a reference pattern 202 appears within the field of
view 210 of the image sensor 124 when the volume dimen
sioning system 100 is received by the support member 302.
The support member 302 may include a base member 304 to
increase stability of the support member. Although depicted
in FIG.3 as supporting a handheld orportable volume dimen
Sioning system 100, in some instances the Support member
302 may receive only a portion, for example the sensor sub
system 118, of a larger or even stationary Volume dimension
ing system 100. The reference pattern 202 may be formed as
a portion of the base member 304, separate from the base
member 304, or as a member that is detachably attached to the

the determined dimensional, Volumetric, Volume dimen

sional, or cost data provided by the Volume dimensioning
system 100. Additionally, the one or more sets of distortion
correction factors may be used to by the at least one processor
126 to correct the image data prior to using the image data to
provide an output on the display 132.
0074 The volume dimensioning system 100 can deter
mine the at least one distortion value and one or more sets of

distortion correction factors on a regular or irregular basis.
For example, in some instances, the Volume dimensioning
system 100 can determine the at least one distortion value
when the reference pattern 202 falls within the field of view of
the at least one sensor 124 and the system 100 is not actively
Volume dimensioning an object. Such may occur when the
Volume dimensioning system 100 is placed in a defined loca
tion for example returned to a cradle or stand. In other
instances, the routine range of motion may bring the reference
pattern 202 within the field of view of the at least one sensor
124 as the Volume dimensioning system is moved or dis

base member 304.

0078. The volume dimensioning system 100 may also
include one or more sensors (not visible in FIG. 3) to detect
the presence of the support member 302. Example sensors
may include without limitation, one or more optical sensors,
one or more ultrasonic sensors, one or more proximity sen
sors, or similar. Such sensors may provide one or more input
signals to the at least one processor 126 indicating receipt of
the volume dimensioning system 100 by the support member
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302. In at least some instances, upon detection of the signal
indicating receipt by the support member 302 the at least one
processor 126 can initiate the capture of image data by the
sensor subsystem 118. Since the reference pattern 202 lies
within the field of view of the at least one image sensor 124,
the image data so acquired may be used to determine at least
one distortion value, calibrate the system 100, calculate one
or more sets of distortion correction factors, or any combina
tion thereof. In some instances, pattern image data from the
sensor subsystem 118 received by the support member 302
may be wiredly or wirelessly communicated to a remote
volume dimensioning system 100.
0079. In at least some instances the reference pattern 202
can beformed on the base 304 or on a rigidor flexible member
that is operably coupled or otherwise attached to the base
member 304. The reference pattern 202 may be formed in
different colors, materials, embossings, debossings, textures,
engravings, or similar. In some instances, the reference pat
tern202 may include one or more inscriptions, logos, designs,
trademarked images, or the like. In at least some instances all
or a portion of the reference pattern 202 and the base member
304 may be detached and mounted remotely from the support
member 302. For example, in at least some instances the
reference pattern 202 may be mounted on a vertical surface
Such as a wall or similar partition.
0080. In at least some situations, when the Volume dimen
sioning system 100 is received by the support member 302 the
sensor Subsystem 118 may autonomously provide pattern
image data including at least the portion of the reference
pattern 202 to the at least one processor 126. Autonomous
provision of image data by the sensor subsystem 118 to the at
least one processor 126 may occur at regular or irregular
intervals. Autonomous collection of pattern image data may
permit a more frequent updating of the at least one distortion
value or the one or more sets of distortion correction factors

than a manually initiated collection of pattern image data
since Such autonomous collection may occur at times when
the volume dimensioning system 100 is not in active use. The
pattern image data so acquired allows the at least one proces
sor 126 to determine the at least one distortion value using the
known reference pattern 202 calibration parameters. Access
to pattern image data also optionally permits the at least one
processor 126 to determine the one or more sets of distortion
correction factors. Providing the at least one processor 126
with the ability to determine the at least one distortion value
and the sets of distortion correction factors while the volume
dimensioning system 100 is not in active use may advanta
geously increase the overall accuracy of the dimensional,
volumetric, and cost information provided by the system 100.
0081 FIG. 4A provides a perspective view of an illustra
tive volume dimensioning system 100a where the at least
distortion value within a first threshold permitting the use of
a fine unit of accuracy (e.g., 1 mm depicted in FIG. 4A) to
determine the dimensional, Volumetric, and cost data associ

ated with object 402a. FIG. 4B provides a perspective view of
an illustrative volume dimensioning system 100b now where
the at least distortion value is not within the first threshold

permitting the use of a fine unit of accuracy and, as a conse
quence, the at least one processor 126 has autonomously
shifted to the use of a coarse unit of accuracy (e.g., 1 cm
depicted in FIG. 4B) to determine the dimensional, volumet
ric, and cost data associated with object 402b.
0082 Although the object 402a is depicted as a cubic solid
for simplicity and ease of illustration, it should be understood
that similar principles as described below will apply to any
object placed within the field of view of the volume dimen
sioning system 100. Object 402a is illustrated as having
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actual dimensions of 11.1 cm in length, 6.3 cm in width, and
15.6 cm in height. Such an object may be representative of a
commonly encountered shipping container Such as a card
boardbox. Prior to placement of the object 402a in the field of
view 210 of the imaging sensor 124, the volume dimension
ing system 100a has determined through the use of a refer
ence pattern 202 (not shown in FIG. 4A) that the at least one
distortion value associated with the system 100a falls within
a first threshold (e.g., a recalibration threshold) permitting use
of a fine unit of accuracy in dimensioning, Volume, and cost
determination. In the example depicted in FIG. 4A, the fine
unit of accuracy is 1 mm. The Volume dimensioning system
100a is therefore able to determine the dimensions of the

object 402a to the nearest millimeter. Thus, the volume
dimensioning system 100a is able to determine the length
406a as 11.1 cm, the width 408a as 6.3 cm, and the height
410a as 15.6 cm. Using these determined dimensions, the
volume dimensioning system 100a is further able to deter

mine the volume 412a as 1091 cm. Finally, using the deter
mined volume and assuming a shipping cost of $0.015/cm,

the Volume dimensioning system 100a can calculate the ship
ping cost 414.a for object 402a is S16.37.
I0083) Object 402b has dimensions identical to object
402a, 11.1 cm in length, 6.3 cm in width, and 15.6 cm in
height. However, prior to placement of the object 402b in the
field of view 210 of the imaging sensor 124, the volume
dimensioning system 100b has determined through the use of
a reference pattern 202 (not shown in FIG.4B) that the at least
one distortion value associated with the system 100b falls
outside a first threshold (e.g., a recalibration threshold) and
within a second threshold (e.g., a service required threshold)
which permits the use of a coarse unit of accuracy in dimen
Sioning, Volume determination and cost determination. In the
example depicted in FIG. 4B, the coarse unit of accuracy is 1
cm, an order of magnitude larger than the fine unit of accuracy
used in FIG. 4A. The volume dimensioning system 100b is
therefore only able to determine the dimensions of the object
402b to the nearest centimeter. Thus, the volume dimension

ing system 100b determines the length 406b as 11 cm, the
width 408b as 6 cm, and the height 410b as 16 cm. Using these
determined dimensions, the Volume dimensioning system
100b is further able to determine the volume 412b as 1056

cm. Finally, using the determined volume and assuming a
shipping cost of $0.015/cm, the volume dimensioning sys
tem 100b is able to calculate the shipping cost 414b for the
object 402b is S15.84.
I0084. In at least some instances, the volume dimensioning
system 100 can correct distortion present in only a portion of
the overall image. For example, the Volume dimensioning
system 100 may correct only the portion of the image con
taining the object 402. Such local correction can proceed
using one or more correction factors determined based at least
in part on any distortion present in the portion of the image
containing and/or proximate the object 402. Such local dis
tortion correction factors can be used in a manner similar to

image wide distortion correction factors, for example to
determine the dimensional accuracy achievable with regard
to the object 402 and to determine whether a fine unit of
accuracy or a coarse unit of accuracy should be used in
assessing dimensional and cost information for the object
402.

I0085 FIG. 5 is a flow diagram 500 showing a high level
method of operation of a volume dimensioning system 100.
The method starts at 502. At 504 the at least one processor 126
receives pattern image data from the sensor Subsystem 118. In
at least some instances, such pattern image data may be
autonomously acquired at regular or irregular intervals by the
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Volume dimensioning system 100. For example, pattern
image data may be acquired at regular or irregular intervals
when the all or a portion of the Volume dimensioning system
100 is received by the support member 302. In other
instances, such pattern image data may be manually acquired
at regular or irregular intervals by the Volume dimensioning
system 100. For example, the Volume dimensioning system
100 may provide one or more human perceptible indicators to
a user that indicate the reference pattern 202 should be placed
in the field of view of the at least one sensor 124 to permit the
acquisition of pattern image data for distortion correction or
calibration purposes.
I0086. At 506 the at least one processor 126 determines at
least one distortion value using the pattern image data
received from the sensor subsystem 118 at 504. The at least
one processor 126 can determine any number of distortion
values, including at least one of an optical distortion value, a
dimensional distortion value, a chromatic aberration or dis
tortion value, or combinations thereof. The distortion values

so determined provide a quantitative measure or assessment
of the overall quality of the image data provided by the sensor
Subsystem 118. In some instances, all or a portion of the at
least one distortion values determined by the at least one
processor 126 at 506 can be stored or otherwise retained
within the at least one non-transitory storage media 130.
0087. At 508 the at least one processor 126 compares the
determined at least one distortion value from 506 with a first
distortion threshold. A determined at least one distortion

value falling within the first distortion threshold indicates the
distortion present in the image data provided by the sensor
subsystem 118 is sufficiently small that a fine unit of accuracy
may be used in determining and calculating dimensional,
Volumetric, and cost information. Conversely, a determined at
least one distortion value exceeding the first distortion thresh
old may indicate the level of distortion present in the image
data provided by the sensor subsystem 118 is sufficiently
large that the use of the fine unit of accuracy is inappropriate
and a coarse unit of accuracy should instead be used to deter
mine and calculate dimensional, Volumetric, and cost infor

mation. Such distortion thresholds may be provided as one or
more factory settings or one or more periodically updated
thresholds that are stored or otherwise retained in the at least

one non-transitory storage media 130.
0088 Advantageously, such adjustments are made
autonomously by the volume dimensioning system 100 with
out user intervention using the determined at least one distor
tion value and a plurality of distortion thresholds stored or
otherwise retained within the non-transitory storage media
130. For illustrative purposes, Table 1 lists one set of example
values that may be associated with “fine” and “coarse' units
of accuracy:
TABLE 1.

Example Units of Accuracy
Fine Unit

“Coarse Unit

of Accuracy

of Accuracy

Dimensional Units

1/3 inch

2 inches

Volumetric Units
Cost Units

1 in
SO.O1

8 in
SO.10

processors 126 may calculate one or more sets of distortion
correction factors to reduce or eliminate the distortion present
in the image data provided by the sensor Subsystem 118 using
the one or more distortion values determined at 506. In some

instances, adjusting the one or more Volume dimensioning
system parameters at 512 may also include confirming the
fine units of accuracy are being used, performing one or more
calibration routines, or combinations thereof.

0090. At 514 the at least one processor compares the at
least one distortion value determined at 506 with a second

distortion threshold. If at 510 the at least one processor 126

found the at least one distortion value determined at 506

exceeded the first distortion threshold at 510, the at least one

processor 126 can compare the determined at least one dis

tortion value with a second distortion threshold at 514. In at

least Some instances, distortion values exceeding the second
distortion threshold may indicate the presence of distortion in
the image data provided by the sensor subsystem 118that is of
a magnitude or severity sufficient to render the system 100
unusable based on one or more corporate, industry, or regu
latory guidelines, best practices, or standards.
(0091 Although FIG. 5 illustrates the use of only two dis
tortion thresholds, any number of distortion thresholds may
be similarly used. Different distortion threshold values may
be indicative, for example, of varying levels or degrees of
distortion in the image data provided by the sensor Subsystem
118. Each of the different levels or degrees of distortion may
indicate the need for the system 100 to use a corresponding
unit of accuracy in displaying dimensional, Volumetric or cost
information. For example a first threshold value may be
indicative of distortion that allows a unit of accuracy of 1 mm:
a second threshold value may be indicative of distortion that
allows a unit of accuracy of 2 mm; a third threshold value may
be indicative of distortion that allows a unit of accuracy of 3
mm; a fourth threshold value may be indicative of distortion
that allows a unit of accuracy of 4 mm; a fifth threshold value
may be indicative of distortion that allows a unit of accuracy
of 5 mm; and a sixth threshold value may be indicative of
distortion sufficient to generate a human perceptible “service
required indicator on the system 100.
0092. If at 516 the at least one processor 126 finds the at
least one distortion value determined at 506 exceeds or is

greater than the second distortion threshold, the at least one
processor 126 can generate one or more human perceptible
outputs indicative of a “service required condition at 518. In
some instances at 518, one or more functions or features of the
Volume dimensioning system 100, for example the costing
functionality, may be inhibited if the distortion value exceeds
the second distortion threshold.

(0093. At 520, if the at least one processor 126 found the
distortion value determined at 506 fell between the first and

the second distortion thresholds at 516, the at least one pro
cessor 126 can adjust the units of accuracy of the information
presented by the volume dimensioning system 100. In at least
Some instances, at least one processor 126 can adjust dimen
sional, volumetric or cost information provided by the Vol
ume dimensioning system 100 to one or more coarse units of
accuracy. In at least some instances, at 520 the one or more
processors 126 may calculate one or more sets of distortion
correction factors to reduce or eliminate the distortion present
in the image data provided by the sensor Subsystem 118 using
the one or more distortion values determined at 506. The one

first distortion threshold, the at least one processor 126 can
adjust one or more Volume dimensioning system parameters

or more coarse units of accuracy cause the system 100 to
determine, calculate, and display dimensional, Volumetric,
and cost data in units of accuracy that are based at least in part
on the capability of the system 100 to resolve such dimen

at 512. In at least some instances, at 512 the one or more

sions and Volumes based on the distortion values determined

I0089. At 510, if the at least one processor 126 finds the

distortion value determined at 506 is within or less than the
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at 506. In at least some instances, some or all of the units of

accuracy may be based on one or more corporate, industry, or
regulatory guidelines, best practices, or standards. In some
instances, for example, the units of accuracy used by the
volume dimensioning system may be based on the NIST
Handbook 44-2012 Chapter 5.58. The method 500 terminates
at 522.

0094 FIG. 6 is a flow diagram 600 showing a low level
method of operation of a volume dimensioning system 100.
In particular, the method 600 illustrates an example method
that may be used by the at least one processor 126 to assess the
at least one distortion value at 506. The method 600 starts at

602. At 604 the at least one processor 126, using the pattern
image data provided by the sensor Subsystem 118, assesses
the optical distortion present in the image data by determining
at least one optical distortion value. The at least one optical
distortion value determined at 604 can provide a quantitative
measure of the degree or magnitude of the optical distortion
present in the image data provided by the sensor Subsystem
118. Such a quantitative measure of the optical distortion
present in the image data may be obtained by the at least one
processor 126 using one or more numerical distortion analy
sis techniques, graphical distortion analysis techniques, or
combinations thereof.

0095. At 606 the at least one processor 126 assesses the
image data Supplied by the sensor Subsystem 118 for dimen
sional distortion. The assessment of the dimensional distor

tion by the at least one processor 126 determines at least in
part at least one dimensional distortion value. The at least one
dimensional distortion value determined at 606 can provide a
quantitative measure of the degree or magnitude of the
dimensional distortion present in the image data provided by
the sensor subsystem 118. Such a quantitative measure of the
dimensional distortion present in the image data may be
obtained by the at least one processor 126 using one or more
numerical distortion analysis techniques, graphical distortion
analysis techniques, or combinations thereof. After the at
least one processor 126 has determined at least one distortion
value attributable to either or both optical and dimensional
distortion present in the image data provided by the sensor
subsystem 118, the method 600 concludes at 608.
0096 FIG. 7 is a flow diagram 700 showing a low level
method of operation of a volume dimensioning system 100.
In particular, the method 700 illustrates an example method
that may be used by the at least one processor 126 to store
historical distortion data including determined distortion val
ues and distortion correction factors in the non-transitory
storage media 130. Such historical data provides a valuable
resource in tracking the performance history of the Volume
dimensioning system 100 and in providing a tool for predict
ing the future performance of the system 100. In some
instances, collection of Such historical data may assist in
compliance with one or more corporate, industry, or regula
tory guidelines, best practices, or standards. Advantageously,
since the determination of distortion values and distortion

correction factors may be performed autonomously by the
Volume dimensioning system 100, the presence of Such his
torical data in the non-transitory storage media 130 provides
the system user with assurance that Such distortion detection
and correction routines are being performed by the system
100. The example method to store historical distortion data
begins at 702.
0097. At 704, the at least one processor 126 can associate
one or more identifiers with the at least one distortion value
determined at 506 or the one or more sets of distortion cor

rection factors determined at 512 or 520. Any type of logical
identifier, including one or more sequential or chronological
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identifiers, may be so associated with the at least one distor
tion value. The association of one or more logical identifiers

with the at least one distortion value or the one or more sets of

distortion correction factors permits the retrieval and presen
tation of such data in an organized and logical manner. Stor
age of such historical data may also assist in compliance with
one or more corporate, industry, or regulatory guidelines, best
practices, or standards.
0098. At 704 the at least one processor 126 can associate
one or more logical identifiers with all or a portion of the
distortion values (i.e., determined at 506) or all or a portion of
the calculated sets of distortion correction factors (i.e., calcu
lated at 512 or 520). In at least some instances, the one or more
logical indicators can include one or more chronological indi
cators such as date and time of determination of the at least
one distortion value or calculation of the set of distortion

correction factors by the at least one processor 126. In some
instances, the one or more logical indicators can include one
or more serialized indicators sequentially assigned by the at
least one processor 126 upon determining the at least one
distortion values or calculating the set of distortion correction
factors. Any similar logical indicators that provide the ability
to retrieve, sort, organize, or display the associated distortion
values or distortion correction factors in a logical manner may
be so assigned by the at least one processor 126.
0099. At 706, the at least one distortion value or the set of
distortion correction factors and the associated logical iden
tifier are at least partially stored within a non-transitory Stor
age media 130. In at least some instances, at least a portion of
the non-transitory storage media 130 can include one or more
types of removable media, for example secure digital (SD)
storage media, compact flash (CF) storage media, universal
serial bus (USB) storage media, memory sticks, or the like.
The use of Such removable storage media may advanta
geously permit the transfer of data Such as the stored distor
tion values and distortion correction factors to one or more
external computing devices equipped with a comparable
removable storage media reader.
0100. At 708, the stored distortion values or distortion
correction factors are displayed sorted or otherwise arranged
or organized by the associated identifier either on the internal
display device 132 of the volume dimensioning system 100 or
an external display device wiredly or wirelessly accessed by
the system 100 via the communications subsystem 108.
0101. At 710, the stored distortion values or distortion
correction factors are displayed sorted by the associated iden
tifier either on the internal display device 132 of the volume
dimensioning system 100 or an external display device
wiredly or wirelessly accessed by the system 100 via the
communications subsystem 108. Additionally, one or more
trend lines may be fitted to the displayed data to provide an
indication of the overall rate of degradation or change in
distortion of the image data provided by the sensor Subsystem
118. Such trend data may be useful in detecting sudden or
unexpected changes in the overall level of image data quality
provided by the sensor subsystem 118 and may advanta
geously provide an indication of the overall condition of the
sensor subsystem 118.
0102. At 712, the stored distortion values or distortion
correction factors are displayed sorted by the associated iden
tifier either on the internal display device 132 of the volume
dimensioning system 100 or an external display device
wiredly or wirelessly accessed by the system 100 via the
communications subsystem 108. Additionally, through the
use of one or more trend lines or similar data analysis tech
niques, a performance forecast is provided. Such perfor
mance forecasts may identify an expected date or timeframe
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in which the image data provided by the sensor Subsystem
118 will no longer fall within an acceptable distortion thresh
old. Such data may advantageously indicate or predict an
expected date at which the sensor subsystem 118 or the vol
ume dimensioning system 100 may require service or
replacement. The method 700 terminates at 714
0103) The above description of illustrated embodiments,
including what is described in the Abstract, is not intended to
be exhaustive or to limit the embodiments to the precise forms
disclosed. Although specific embodiments of and examples
are described herein for illustrative purposes, various equiva
lent modifications can be made without departing from the
spirit and scope of the disclosure, as will be recognized by
those skilled in the relevant art. The teachings provided herein
of the various embodiments can be applied to other automated
systems, not necessarily the exemplary Volume dimensioning
system generally described above.
0104 For instance, the foregoing detailed description has
set forth various embodiments of the devices and/or processes
via the use of block diagrams, schematics, and examples.
Insofar as such block diagrams, schematics, and examples
contain one or more functions and/or operations, it will be
understood by those skilled in the art that each function and/or
operation within Such block diagrams, flowcharts, or
examples can be implemented, individually and/or collec
tively, by a wide range of hardware, software, firmware, or
virtually any combination thereof. In one embodiment, the
present Subject matter may be implemented via Application
Specific Integrated Circuits (ASICs). However, those skilled
in the art will recognize that the embodiments disclosed
herein, in whole or in part, can be equivalently implemented
in standard integrated circuits, as one or more computer pro
grams executed by one or more computers (e.g., as one or
more programs running on one or more computer systems), as
one or more programs executed by on one or more controllers
(e.g., microcontrollers) as one or more programs executed by
one or more processors (e.g., microprocessors), as firmware,
oras virtually any combination thereof, and that designing the
circuitry and/or writing the code for the software and or
firmware would be well within the skill of one of ordinary
skill in the art in light of the teachings of this disclosure.
0105. When logic is implemented as software and stored
in memory, logic or information can be stored on any com
puter-readable medium for use by or in connection with any
processor-related system or method. In the context of this
disclosure, a memory is a computer-readable medium that is
an electronic, magnetic, optical, or other physical device or
means that contains or stores a computer and/or processor
program. Logic and/or the information can be embodied in
any computer-readable medium for use by or in connection
with an instruction execution system, apparatus, or device,
Such as a computer-based system, processor-containing sys
tem, or other system that can fetch the instructions from the
instruction execution system, apparatus, or device and
execute the instructions associated with logic and/or informa
tion.
0106. In the context of this specification, a “computer
readable medium' can be any element that can store the
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program associated with logic and/or information for use by
or in connection with the instruction execution system, appa
ratus, and/or device. The computer-readable medium can be,
for example, but is not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus or device. More specific examples (a non-exhaus
tive list) of the computer readable medium would include the
following: a portable computer diskette (magnetic, compact
flash card, Secure digital, or the like), a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM, EEPROM, or
Flash memory), a portable compact disc read-only memory
(CDROM), digital tape, and other nontransitory media.
0107. Many of the methods described herein can be per
formed with one or more variations. For example, many of the
methods may include additional acts, omit some acts, and/or
perform or execute acts in a different order than as illustrated
or described.

0108. The various embodiments described above can be
combined to provide further embodiments. All of the com
monly assigned US patent application publications, US
patent applications, foreign patents, foreign patent applica
tions and non-patent publications referred to in this specifi
cation and/or listed in the Application Data Sheet, including
but not limited to U.S. provisional patent application Ser. No.
61/691,093, filed is incorporated herein by reference, in its
entirety. Aspects of the embodiments can be modified, if
necessary, to employ systems, circuits and concepts of the
various patents, applications and publications to provide yet
further embodiments.

0109 These and other changes can be made to the embodi
ments in light of the above-detailed description. In general, in
the following claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed in
the specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which Such claims are entitled. Accordingly,
the claims are not limited by the disclosure.
1. A method of calibrating position and orientation param
eters of an imaging system in an automated data reading
system, the method comprising:
obtaining, from the imaging system, image data represent
ing an imaged portion of a planar calibration target that
is Superimposed on a Surface of the automated data
reading system, the imaged portion of the planar cali
bration target including spaced-apart optical codes dis
posed at predetermined positions on a Surface of the
automated data reading system to define known loca
tions of calibration-control points on the Surface;
identifying the optical codes from the image data to obtain
observed locations of the calibration-control points rep
resented by the image data; and
calibrating position and orientation parameters of the
imaging system based on differences between the
known and observed locations.
k

k

k

k

k

