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(57) ABSTRACT 

The speci?cation discloses a handheld color measurement 
instrument capable of reading both barcodes and sample 
colors. The instrument includes a single color measurement 
engine connected to a control capable of detecting and 
reading barcodes. When a barcode is detected, the control 
updates program and/or con?guration information in accor 
dance With information contained in the barcode. When a 
barcode is not detected, the control operates to read sample 
colors. 
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Baroodes Disabled 

#1 

#2 

Barcode it] - 0x55, OxAA, ‘B’, ‘C’; Barcodc #2 - ‘D’; Resulting command is DBC 

FIG. 14 

Baud Rate 9600 - Scan the two 
barcodes in numerical order 

I|I|l\ll||l?illlllllllllll 
|||||||Fi|||||||| 

Baroode ll - 0x55, OxAA. '8‘. 'R'; Barcode #2 - '3', '0‘; Resulting command is 30BR 

FIG. 15 

Autouansmit On - Scan th: two 
bazcodcs in numerical order 

|||||\|||||“|||\u|\|||\\||\ 
IlHIIHIIHlIHiHIIIIIIIIlllll 

' Barcode ill - 0x55. OxAA, ‘C’, ‘F‘; Baroode #2 - ‘0', '1', ‘0', ‘5'; Resulting commind is OIOSCF 

FIG. 16 
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Decimal Point On — Scan the two 
bucodes in numerical order 

IIIIIIIIIIIIIIIHIIIIIIIIII 
llllllllllllllllmll ||||||||||||| 

Barcodc III - 0X55, OXM, ‘C’. ‘F‘; Bmode #2 - ‘0', ‘1’, ‘0', ‘6", Resulting command is OIOGCF 

FIG. 17 

Separator Comma - Scan the two 
baxcodes in numerical order 

IIIIIIIIIIIIIIIIHIIIIIHIII 
IHIIIHIIHIIHMI HIIHIIIIIIIH 

Barcode 111 -0x55, OXAA, ‘C', ‘F’; Barcode #2- ‘0‘, ‘1" ‘0', "7‘; Resulting command is 0107CF 

FIG. 18 

Delimiter Cam'age Retum — Scan the 
two bucodes in numesical order 

IIIIIIIIIIlilIHIllIlIIIIII 
Illllllllll |||Fi||||||l||||||||| 

v Barcode m -0x55,0xAA, -c-, 'F‘; Barcade #2 - 'o'. ‘0'. 'o-T'; mum"; command is 00030? 

FIG. 19 
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Times 10 On - Scan the two 
bazcodes in numerical order 

IIIllllllllllllllllll|l|ll| 
IIHIIIIIIHIIIIMIIHlllllllllllll 

Barcode HI -0x55. OxAA. ‘C’, ‘F‘; Bareode Iii-2- ‘0', ‘1', ‘0’, ‘A’; Resulting command is OIOACF 

FIG. 20 

Data After Pass On - Scan the two 
barcodes in numerical order 

Illllllllll?llllllllllllllll 
ll ||||||||||||Fi||||||||||||||| 

Barcode #l - 0x55, OxAA, ‘C‘, ‘F’; Bucode #2 - ‘0’, ‘I’, ‘0', ‘B’; Resulting command is OIOBCF 

FIG. 21 

Min/Max Off- Scan the two 
barcodes in numedcal ozde: 

llIllllllllllllllllllllllli 
IHlIIHIlHllllillllllllllllllll 

Burcode ill - 0x55, OxAA. ‘C', 'F'; Barcode #2— ‘0', ‘0'. ‘0'. ‘C'; Resulting command is OODCCF 

FIG. 22 
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Total Con?g - Customer ABC Setup 
Scan the three bar codes in numcdcal order 
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Barcode H - 0x55, OXAA, ‘T‘, ‘C’; Bmode #2 - ‘0’, '0', ‘6', ‘5'; Bnroode #3 - ‘3', ‘0', '0', ‘I’; Resulting command is 00653001TC 

FIG. 24 

62 

~14 
INPUT / COLOR 

BUTTON MEASUREMENT 
ENGINE 

74 
r98 l 99 2 
J T ( 

USB PORT H CONTROL ———> LEDS 

I /101 
MEMORY 

FIG. 25 



US 2002/0005950 A1 

HANDHELD COLOR MEASUREMENT 
INSTRUMENT 

PRIORITY CLAIM 

[0001] This application claims the bene?t of U.S. Provi 
sional Application No. 60/180,242 ?led Feb. 4, 2000 entitled 
“Handheld Color Measurement Instrument” and U.S. Pro 
visional Application No. 60/204,090 ?led May 15, 2000 
entitled “Programmable Handheld Color Measurement 
Instrument”. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to color measurement 
instruments, and more particularly to handheld color mea 
surement instruments. 

[0004] 2. Description of the Art 

[0005] Color measurement instruments are capable of 
reading colors for the subsequent conversion of the colors to 
a mathematical representation. That representation can be 
processed using techniques knoWn to those skilled in the art 
to perform color functions. Color measurement instruments 
include, by Way of illustration and not limitation, spectro 
photometers, calorimeters, densitometers, and spectroradi 
ometers. 

[0006] A handheld color measurement instrument is dis 
closed in U.S. Pat. No. 5,986,769 issued Nov. 16, 1999 to 
KrZyminski and entitled “Hand-Held Instrument for Re?ec 
tion Measuring on Printed Sheets and Test Charts.” This 
instrument is used in reading “color bars” on printed sheets. 
While providing a certain level of convenience and accu 
racy, this scanner is not Without its draWbacks. First, the 
instrument requires a handheld rule to guide the instrument 
along a linear path. Second, the instrument appears to 
include a single photodetector. Third, the space required by 
the encoder Wheel limits the positioning of the support 
Wheels. 

[0007] Color measurement instruments, especially the 
handheld type, have limited input devices. Typically, input is 
limited to a feW keys, or even a single key. Consequently, 
such instruments are programmed and con?gured by (a) 
connecting the instrument to a personal computer (PC), for 
eXample, through a serial or USB connection, (b) inputting 
programming and con?guring commands into the PC, and 
(3) communicating the commands from the PC to the 
instrument. Such an approach is more cumbersome and 
time-consuming than is desired by some operators of the 
instruments. 

SUMMARY OF THE INVENTION 

[0008] The aforementioned problems are overcome in the 
present invention Wherein a handheld color measurement 
instrument is provided With improved functionality and ease 
of use. 

[0009] In a ?rst aspect of the invention, the instrument 
includes support rollers that guide movement of the instru 
ment on a surface in a linear direction. The instrument 
includes a color measurement engine having an aperture 
opening through the bottom of the instrument. Conse 
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quently, the aperture scans along a line as the instrument is 
rolled over a surface such as a printed sheet. 

[0010] In a ?rst variation of the ?rst aspect, the instrument 
housing includes line-de?ning elements for de?ning a visual 
line that is parallel to the linear direction of travel and that 
is aligned With the scanning aperture. The elements can be 
one or more of Wings on the housing, notches in the housing, 
or lights supported by the housing. The line-de?ning ele 
ments assist in aligning the instrument With a target for 
accurate scanning. 

[0011] In a second variation of the ?rst aspect, the instru 
ment is a densitometer including a blunt nose, and the 
scanning aperture is located proximate the nose. Aplurality 
of photodetectors are arranged in an arcuate con?guration 
about the scanning aperture. No photodetector is closer to 
the blunt nose than the scanning aperture. Consequently, the 
photodetectors do not interfere With placement of the aper 
ture closely proximate the blunt nose of the instrument. 

[0012] In a third variation of the ?rst aspect, rolling 
support elements and an encoder Wheel are mounted in the 
bottom of the instrument. The support Wheels are proXimate 
the perimeter of the bottom of the instrument. By separating 
the rolling support elements from one another as much as 
possible (i.e. positioning them proXimate the perimeter of 
the bottom), the tracking of the instrument is improved. The 
encoder Wheel is positioned interiorly of the support ele 
ments, Where room is available for the entire encoder 
assembly. 

[0013] In a fourth variation of the ?rst aspect, the single 
color measurement engine Within the instrument is capable 
of reading both barcodes and color bars or other targets. 
Consequently, the instrument can be used to read barcode 
information, for eXample, to con?gure the instrument. The 
instrument does not require a separate optical mechanism for 
reading the barcodes. 

[0014] In a second aspect of the invention, the instrument 
can be programmed and/or con?gured by reading barcodes 
using the color measurement engine. More speci?cally, the 
instrument includes a housing, a color engine, and a control 
(eg a microprocessor) Within the housing. The control is 
coupled to the engine and is capable of detecting and reading 
barcodes. Accordingly, programming and/or con?guration 
information can be inputted into the instrument through 
barcodes. Such inputting is easy, accurate, and fast. When 
the instrument does not detect barcodes, the instrument 
performs color measurement functions (eg as described 

above). 
[0015] These and other objects, advantages, and features 
of the invention Will be more readily understood and appre 
ciated by reference to the detailed description of the pre 
ferred embodiment and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective vieW of the color measure 
ment instrument of the present invention scanning a color 
bar on a printed sheet; 

[0017] FIG. 2 is a top plan vieW of the instrument scan 
ning the color bar; 

[0018] FIG. 3 is a bottom plan vieW of the instrument; 
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[0019] FIG. 4 is an upper perspective exploded vieW of 
the instrument With the cover removed; 

[0020] FIG. 5 is a bottom perspective exploded vieW of 
the instrument With the cover removed; 

[0021] FIG. 6 is a bottom vieW of the optics assembly; 

[0022] FIG. 7 is a side exploded vieW of the optics 
assembly; 
[0023] FIG. 8 is a sectional vieW through the instrument 
taken along line 8-8 in FIG. 2; 

[0024] FIGS. 9-13 illustrate acceptable and unacceptable 
barcode for use in conjunction With the instrument; 

[0025] FIG. 14 shoWs the barcode for the Barcodes Dis 
abled instruction; 

[0026] FIG. 15 shoWs the barcode for the Baud Rate 9600 
instruction; 
[0027] FIGS. 16-22 shoW the barcodes for various Con 
?guration instructions; 
[0028] FIG. 23 is a pictorial representation of the ?elds 
Within the parameter string for the Total Con?guration 
command; 
[0029] FIG. 24 shoWs the barcode for a Total Con?gura 
tion instruction that sets all possible sWitches; and 

[0030] FIG. 25 is a schematic diagram of the control and 
communication components of the instrument. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0031] A handheld color measurement instrument con 
structed in accordance With a preferred embodiment of the 
invention is illustrated in the draWings and generally des 
ignated 10. The instrument includes a housing 12 (FIGS. 
1-3) and a color measurement engine or optics assembly 14 
(FIGS. 4-8). The housing includes a plurality of rollers 16 
(FIGS. 3-5) to support the housing 12 for rolling movement 
in a linear direction D. The optics assembly 14 includes an 
aperture 18 opening through the bottom of the housing. 
When the instrument is rolled across a surface such as a 
printed sheet, the aperture scans along a linear path such as 
a color bar B. 

[0032] The disclosed instrument 10 is a densitometer. 
Alternatively, the instrument could be any color measure 
ment instrument such as a spectrophotometer or colorimeter. 

[0033] 
[0034] The housing 12 includes a base plate 20, a heat sink 
22, and a cover 24. 

[0035] The base plate 20 is the frame component on Which 
the remaining elements are supported. In the preferred 
embodiment, the base plate 20 is fabricated of plastic. 
Alternatively, the base plate may be fabricated of any 
suitable material. 

[0036] The base plate 20 includes an optics socket 30 for 
the optics assembly, a plurality of roller sockets 32, and an 
encoder socket 34. The optics socket 30 is con?gured to 
receive the optic assembly 14. The roller sockets 32 receive 
the support rollers 16 in a snap-?t fashion. The rollers 16 are 
free to rotate Within the sockets 32 after being mounted 

I. Housing 
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therein. Similarly, the encoder Wheel socket 34 receives the 
encoder Wheel 36 in snap-?t fashion. The encoder Wheel is 
also free to rotate after assembly. 

[0037] The encoder Wheel 36 is coupled in conventional 
fashion to an encoder (not shoWn) of the type generally Well 
knoWn to those skilled in the art. As perhaps best illustrated 
in FIG. 3, the Wheel 36 is proximate the front rollers 16 and 
the aperture 18. As used in this context, proximate means 
that the distance betWeen the Wheel 36 and aperture 18 is no 
more than one-half, and preferably no more than one-third, 
of the length of the instrument 10. The proximity of the 
Wheel 36 to the aperture 18 improves the correspondence 
betWeen the distance measured by the encoder and the 
distance covered by the aperture. 

[0038] The base plate 20 further includes front mounting 
bosses 40 and rear mounting bosses 42 for properly regis 
tering and securing the cover 24 to the base plate 20 using 
fasteners (visible only in FIG. 3). The plate 20 further 
de?nes apertures 44 for receiving fasteners (visible only in 
FIG. 3) intersecuring the heat sink 22 and the optics 
assembly 14 to provide a thermal path betWeen the optics 
assembly and the heat sink. The plate 20 further de?nes 
apertures 46 for receiving fasteners (visible only in FIG. 3) 
for securing the heat sink 22 to the bottom of the plate. 

[0039] As perhaps best illustrated in FIG. 3, the support 
rollers 16 are located proximate the perimeter of the housing 
12 or base 20. The tracking of the instrument is enhanced by 
positioning the rollers as far apart from one another as 
possible. This is similar to improving the tracking of an 
automotive vehicle by having a Wide Wheel base. The axis 
of rotation of all of the rollers 16 are parallel to one another. 
Consequently, the instrument 10 tracks in a linear direction 
D generally perpendicular to the axes of rotation of the 
rollers. In the currently preferred embodiment, the rollers 16 
on each side of the instrument 10 are substantially co-axial 
With one another. HoWever, non-co-axial roller placements 
are also Within the scope of the present invention, and may 
be desirable in vieW of instrument geometry due to func 
tional and/or decorative considerations. 

[0040] The heat sink 22 is included to dissipate heat 
generated by the optics assembly 14. As seen in FIGS. 3-5, 
the heat sink 22 is con?gured to have a perimeter generally 
similar to the perimeter of the base plate 20. The heat sink 
22 includes support Wheel cut-outs 50, an encoder Wheel 
cut-out 52, and an optics cut-out 54. The heat sink 22 also 
includes a recessed label area 56 Within Which a label (not 
shoWn) may be mounted. 

[0041] The heat sink 22 further includes front apertures 58 
and rear apertures 60. The front apertures 58 are aligned With 
the apertures 44 in the base plate 20 and the optics assembly 
14, so that the heat sink may be secured to the optics 
assembly 14 to provide a thermal path. The rear apertures 60 
are aligned With the apertures 46 in the base plate 20 
enabling the heat sink 22 to be attached to the instrument. 

[0042] The cover 24 (FIGS. 1-2) is designed to be easily 
grasped by a human hand H (FIG. 1). The design of the 
cover 24 is symmetrical about a longitudinal line. Therefore, 
the instrument 10 is unhanded. The base of the cover 24 is 
generally the same shape as the base plate 20 so that the 
cover and base plate ?t neatly together When intersecured. 
The housing 12, including the base plate 20 and the cover 



US 2002/0005950 A1 

24, include a blunt nose 62. In the preferred embodiment, the 
nose is generally linear and planar. HoWever, blunt has 
generally understood meanings broader than generally linear 
or planar. One or more lines 61 may be provided on the nose 
62 in the form of printing, notching, or other means. Each 
line 61 is perpendicular to the bottom of the instrument and 
is aligned With the aperture 18. The lines 61 provide a visual 
indicator of the position of the aperture 18 to assist in taking 
“spot” readings (i.e. readings of a single spot Without 
moving the instrument during the reading). 

[0043] A button 63 (FIGS. 1 and 8) is located Within a 
button recess 64 to be easily operated by the indeX ?nger (or 
another ?nger) of the operator. The button 63 is electrically 
connected to the internal circuitry or processor 99 of the 
instrument 10 (see beloW). 

[0044] The housing 12 includes several pairs of line 
de?ning elements or means for visually de?ning lines that 
are parallel to the linear direction of travel and that are 
aligned With the aperture 18. With particular reference to 
FIGS. 1 and 2, these line-de?ning means include any one of 
the pair of Wings 70, the pair of notches 72, or the pair of 
light-emitting diodes (LEDs) 74. Each of these pairs de?nes 
a line L parallel to the direction of travel D and aligned With 
the aperture 18. Consequently, the pairs of line-de?ning 
elements enable the operator to visually align the instrument 
10 for linear scanning along a color bar B or other color 
target. 

[0045] 
[0046] The optics assembly or color measurement engine 
14 includes (from top to bottom as illustrated in FIG. 7) a 
connector 80, a lamp printed circuit board (PCB) 82, a lamp 
84, a plurality of photocells or photodetectors 86, a housing 
88, an infrared ?lter 90, a limiting aperture 92, a lens 94, and 
a siZing aperture 96. The last three elements are collectively 
referred to as the aperture or aperture assembly 18. 

[0047] The housing 88 is D-shaped (see FIG. 6). The D 
shape includes a ?at surface 97 Which abuts the blunt nose 
62 of the housing 12 Within the assembled instrument. This 
enables the optics assembly 14 to be positioned as far 
forWard Within the housing 12 as possible While still pro 
viding a plurality of photodetectors 86 in the assembly. 

[0048] The infrared ?lter glass 90 is Well knoWn to those 
skilled in the art and is included to block infrared (IR) 
radiation from reaching the photocells 86. All of the ele 
ments Within the aperture or aperture assembly 18 also are 
generally knoWn to those skilled in the art. 

II. Optics Assembly 

[0049] Both the lamp 84 and the connector 80 are mounted 
on the PCB 82 in conventional fashion. The lamp or 
illuminator is generally knoWn to those skilled in the art and 
in the preferred embodiment is a tungsten/halogen (i.e. 
tungsten ?lament and halogen gas) lamp. 

[0050] The photocells 86 are mounted in a semicircular 
con?guration about the aperture 18. Because the instrument 
is a densitometer, the photocells are selected to be sensitive 
to one of the colors of cyan, magenta, and yelloW to provide 
an ANSI/ISO Status T system response. A pair of photocells 
responsive to each color are arranged at 90° to one another. 
This approach enhances (over a single photocell) the accu 
racy and averaging of detected color by increasing the signal 
and by reducing orientation variation due to, for eXample, 
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the grain of the media. Other responses and detector con 
?gurations are Within the scope of the invention. 

[0051] III. Control 

[0052] As illustrated in FIG. 25, the instrument 10 
includes a computer processor, control, or other processing 
means 99 for controlling the operation of the instrument and 
for interfacing the instrument With a computer. The instru 
ment also includes EEPROM memory 101 for storing 
memory information such as programming information and/ 
or con?guration information. The processor and memory are 
generally knoWn to those skilled in the art, and therefore 
need not be described in detail. The processor or control 99 
and the memory 101 are located in the area 100 (see FIG. 
8) and include appropriate communication connections With 
the engine 14, the input button 63, the LEDs 74, and the 
communication socket or port 98. 

[0053] The instrument 10 may include both USB (Uni 
versal Serial Bus) and serial (e.g. RS232) capability, for 
eXample, as disclosed in US. patent application Ser. No. 
09/411,484 ?led Oct. 1, 1999 and entitled “Color Measure 
ment Instrument With Multiple Protocol Interface”. Addi 
tionally, the instrument may include Internet, Wireless, and/ 
or other communication capabilities. 

[0054] In vieW of the disclosure of this application, the 
speci?c programming of the control 99 is Well Within the 
capabilities of one skilled in the programming art, and 
therefore need not be set forth in detail. 

[0055] IV. Operation 
[0056] The instrument 10 is easily used as a hand-held 
color measurement device. A cord (not illustrated) intercon 
nects the instrument 10 With a personal computer or other 
device (also not illustrated). Speci?cally, the cord is con 
nected to the instrument 10 via the socket 98. 

[0057] To scan a color bar, the instrument is grasped With 
the hand much as a computer mouse Would be. The instru 
ment is positioned so as to be aligned for linear scanning 
across a color bar B. All of the line-de?ning elements 
facilitate the proper alignment of the instrument 10 With the 
color bar B. As noted above, those devices include the Wings 
70, the notches 72, and the LEDs 74. The user then depresses 
the button 63 and rolls the instrument 10 along the color bar 
B. When scanning is complete, the user releases button 63. 
Because the rollers 16 guide the instrument 10 along a linear 
path D, the instrument 10 tracks along the color bar if 
properly initially aligned. Only minimal, if any, corrective 
guidance is required by the user When scanning the color bar 
B. 

[0058] The densitometric operation of the instrument 10 is 
Well knoWn to those skilled in the art. Consequently, a 
detailed description is not necessary. Suf?ce it to say that the 
photocells 86 detect the light re?ected from various loca 
tions along the color bar so that the processor (not illus 
trated) can convert the photodetector outputs into a math 
ematical representation of the scanned color. 

[0059] The instrument 10 can also be con?gured, recon 
?gured, or otherWise programmed using barcode informa 
tion. In doing so, a barcode set-up sheet or sheets are 
provided by the manufacturer of the instrument. The sheet or 
sheets include custom barcode information for con?guring 
the parameters, including but not limited to the folloWing: 
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[0060] Baud Rate 

[0061] Separator (the character that appears betWeen 
the data ?elds) 

[0062] Delimiter (the character that indicates the end 
of a line) 

[0063] Decimal point (can be turned on or off) 

[0064] Auto Transmit (data automatically transmitted 
after a measurement is complete) 

[0065] Data After Pass (transmits data after each pass 
[as opposed to collecting all data And transmitting 
only When all passes have been measured]) 

[0066] Min/Max (includes Min/Max information for 
selected strip data) 

[0067] Times-10 (adds eXtra digit of precision to 
measured data) 

[0068] 
[0069] Turning more speci?cally to the con?guration of 
the instrument using barcodes, the folloWing description is 
provided. 

Instrument Type 

[0070] The barcode system comprises a specially designed 
barcode format Which is printed on the sample to be mea 
sured by the pattern recognition ?rmWare. This system uses 
eXisting densitometer optics for reading the barcodes, elimi 
nating the need for additional barcode reader hardWare. The 
barcodes are imaged in the measurement path, alloWing the 
instrument 10 to measure the color patches and read the 
barcode With a single pass. The internal pattern recognition 
algorithms distinguish betWeen the sample area and the 
barcode area, and handle each appropriately. 

[0071] These barcodes have a number of uses, including 
but not limited to the folloWing: 

[0072] 1) Instrument calibration: The calibration val 
ues may be encoded on the calibration strip along 
With the patches to be measured. This alloWs the user 
to calibrate the unit With a single pass Without having 
to enter calibration values manually. 

[0073] 2) Strip identi?cation: Barcodes may be 
imaged along With the color patches to be measured. 
This alloWs strips to be tagged With an identi?er 
code. This code can be used for lot or batch identi 
?cation, veri?cation of the correct strip, or any other 
use Which could use a small amount of information 
along With the measured color data. 

[0074] 3) Unit con?guration: A barcode or series of 
barcodes may be set up to alloW the instrument to be 
con?gured Without requiring the use of eXternal 
computers and softWare. The ?rmWare in the instru 
ment is con?gured to recogniZe certain sequences of 
barcodes. These sequences may then correspond to 
internal con?guration settings. Moving the unit over 
the properly sequenced barcode causes it to change 
its internal con?guration to match the desired set 
tings encoded into the barcode. The set of con?gu 
ration barcodes can be printed in a user manual along 
With teXt describing each barcode’s function. 

[0075] Because these barcodes are read With the same 
optics used to measure the color patches and not With a 
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dedicated barcode reader, their format differs greatly from 
any of the established bar coding methods (such as used on 
UPC symbols). The method minimiZes the amount of linear 
space required for 8 bits of information While alloWing for 
differing media contrast ratios and varying strip travel 
speeds. The measurements given are optimiZed for the siZe 
of the aperture in the optics and the range of travel speeds 
With Which the barcodes are measured. Although this 
description speci?es using black and White to encode the 
barcodes, and because the instrument measures the three 
color channels simultaneously, the methods described herein 
can readily be extended to use bar codes having a plurality 
of portions each of a different or unique color to increase the 
amount of encoded information. When so con?gured, the 
control 99 is capable of reading the information contained 
Within each of the different colored barcode portions. 

[0076] The basic barcode format is as folloWs: 1 start bit, 
8 data bits encoded least signi?cant bit ?rst (nearest the start 
bit), and 1 stop bit. The barcode is scanned in the direction 
such that the start bit is the ?rst end to be read. Logic 1 is 
de?ned as a black area or area of maXimum density. Logic 
0 is de?ned as a White area or area of minimum density. It 
is important that the density of the logic 1 patches be as close 
as possible to the maXimum density (D-MaX) found any 
Where along the read path and that the density of logic 0 be 
as close as possible to the minimum density (D-Min) found 
anyWhere along the read path. Anything other than D-MaX 
or D-Min may render the barcode unrecogniZable. 

[0077] The start bit is 0.4 inches (10 mm) in length and is 
composed of 0.1 inches (2.5 mm) of D-Min folloWed by 0.3 
inches (7.5 mm) of D-MaX. 

[0078] Each data bit is 0.2 inches (5 mm) in length. Bits 
are encoded in a modi?ed Manchester format, Where each 
bit is composed of a D-Min area folloWed by a D-MaX area. 
The state of an individual bit is determined by the ratio of the 
length measurements of D-Min to D-MaX, Where a bit 
composed of mostly D-Min area is considered Logic 0 and 
a bit composed of mostly D-MaX area is considered Logic 1. 
To minimiZe the number of light/dark transitions and to 
maXimiZe the siZe of each bit, the D-Min/D-MaX ratio Will 
depend on the state of the surrounding bits. In general, Logic 
0 is 0.17 inches (4.3 mm) of D-Min area folloWed by 0.03 
inches (0.8 mm) of D-MaX. Logic 1 is 0.03 inches (0.8 mm) 
of D-Min folloWed by 0.17 inches of D-MaX. Exceptions to 
the above general rule are as folloWs: 

[0079] If the current bit is Logic 0 and the neXt bit is Logic 
1, the D-MaX area Which Would have been normally a part 
of the current bit is omitted and the D-Min area Which Would 
have been a part of the neXt bit is omitted (see FIGS. 9-10). 

[0080] Stop Bit: The stop bit shall be a Logic 0 bit 
conforming to the general speci?cation for a data bit. The 
D-MaX portion of this bit may be a part of surrounding 
D-MaX area. An eXample of an appropriate barcode accord 
ing to the described format is illustrated in FIG. 11. 

[0081] If tWo or more barcodes are placed end to end, the 
stop bit of the ?rst barcode may be partially overlaid by the 
start bit of the second barcode such that White-to-dark 
transition in both of these bits are lined up. For eXample, 
FIG. 12 illustrates three barcodes placed end to end. 

[0082] FIG. 13 illustrates the combining of start and stop 
bits of tWo or more barcodes. 
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[0083] Measurement of the barcodes is performed using 
the optics assembly 18 of the instrument 10. The propor 
tional electrical signal from the photodiodes 86 is ampli?ed 
and converted to binary representations by an analog to 
digital converter. These binary values are stored in 
memory for use in the pattern recognition process. As the 
sample is measured, the A/D values are continuously accu 
mulated in memory until the measurement is complete. The 
result is a buffer full of binary values representative of the 
re?ected light across the sample. A mechanical distance 
feedback mechanism such as the rotary encoder enhances 
the recognition process for Wide travel speed variations, but 
is not necessary because each bit in the barcode has a 
Well-de?ned transition on both sides. 

[0084] After a sample set of A/D values has been accu 
mulated in memory, the barcode recognition process begins. 
For black and White barcodes, only the magenta channel is 
used; the data from the cyan and yelloW channels are 
discarded. This method could hoWever be extended to alloW 
use of the cyan and yelloW data, along With colored bar 
codes, to encode three times the amount of data in the same 
physical printed area. The method could be further eXtended 
to alloW the use of combinations colors to further increase 
the amount of encoded information in the same physical 
printed area. The methods Will be the same; therefore this 
description Will concentrate only on the use of black and 
White barcodes. 

[0085] The ?rst step of recognition is to characteriZe the 
data. The data is searched for the value of highest re?ectance 
and the value of lowest re?ectance. Once these limits are 
established, tWo thresholds are computed, one at 20% of the 
maXimum value, and one at 80% of the maXimum value. 
These thresholds may vary and are set largely by the ratio of 
the aperture siZe to the siZe of the transition bar betWeen tWo 
similarly valued bits in the barcode. Any A/D values less 
than the 20% threshold are considered logic 1 (this is loW 
re?ectance, or black), and any A/D values greater than the 
80% threshold are considered logic 0 (this is high re?ec 
tance, or White). Anything betWeen these tWo thresholds is 
considered transitional. 

[0086] The neXt step is to scan through the entire sample 
set and search for the barcode patterns. This step is com 
posed of several sub-steps. The ?rst sub-step is to search for 
the start bit. This is de?ned simply as a given number of 
contiguous A/D values all being logic 1. If linear distance 
information is available, then the start bit is de?ned as a 
linear distance of A/D values, all being logic 1. 

[0087] Once a valid start bit is found, the neXt sub-step is 
to locate 8 bits of data. The ?rst data bit should appear 
immediately after the start bit, With very feW transitional 
A/D values in betWeen. The data bit is de?ned in the same 
manner as the start bit, but With feWer de?ned A/D values 
because of the correspondingly smaller siZe than the start bit. 
Here, logic 0 or logic 1 are alloWed. Each subsequent data 
bit should appear With very feW intervening transitional A/D 
samples after the prior bit. As each bit is found, its value is 
recorded for later use. 

[0088] The last sub-step is to locate the stop-bit. This bit 
is de?ned as a data bit Whose value is Zero. The stop bit 
serves to frame the 8-bits of data properly. 

[0089] If there is a failure in any one of the above 
sub-steps, the entire algorithm is reset, and the search for the 
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start bit re-commences at the current A/D buffer position. 
Any recorded bit values are ignored. Once an entire byte is 
recogniZed, its value is stored, the algorithm is reset, and the 
search for the start bit re-commences as the current AID 
buffer position. These steps stop once the end of data is 
reached. 

[0090] The last major step is to use the data just acquired. 
The data may be used internally if it ?ts a de?ned pattern, 
or it may be transmitted to a host computer along With any 
measured strip data. In this case, it is up to the host computer 
to determine the purpose of the data. 

[0091] V. Barcoded RCI Commands 

[0092] In the unit 10, barcodes conforming to special 
formatting rules are recogniZed as RCI commands that are 
executed as if the commands had been sent over the serial 
port. 

[0093] A. RCI Barcode Rules 

[0094] The folloWing are the formatting rules for RCI 
barcodes: 

[0095] 1) RC1 commands may be encoded using as 
many barcodes as necessary to contain the entire 
command. 

[0096] 2) The initial barcode must be four bytes long, 
consisting of tWo binary bytes With a bit pattern of 
0><5SAA, folloWed by tWo ASCII bytes containing 
the tWo-character mnemonic of the intended RCI 
command. 

[0097] 3) Parameters to the command must be 
encoded in continuation barcodes containing the 
ASCII representation of the parameters. 

[0098] 4) All barcodes eXcept the very last one must 
be eXactly four bytes long. 

[0099] 5) All barcodes (initial and continuation) 
eXcept the very last one must have the MSB (most 
signi?cant bit) of the ?nal ASCII character set to one 
to signal that more barcodes are necessary to com 
plete the command. 

[0100] B. Reading RCI Barcodes 

[0101] When reading an RCI barcode, the LEDs 74 signal 
What is happening in the unit 10. While scanning the initial 
barcode, the LEDs 74 ?ash sloWly betWeen off and green— 
the same as any normal scan. After the unit 10 has recog 
niZed the initial barcode as being part of an RCI barcode, the 
LEDs 74 sloWly ?ash betWeen yelloW and green. This ?ash 
pattern continues While scanning continuation barcodes. 
Upon completion of the entire RCI barcode, the LEDs 74 
remain steady green, indicating a successfully completed 
read. 

[0102] If the unit 10 detects an error While scanning a 
continuation barcode, the LEDs 74 ?ash quickly betWeen 
yelloW and green. In this case, the barcode scan must be 
started again from the beginning With the initial barcode. 

[0103] If the unit 10 properly recogniZes the entire bar 
code, but the resulting RCI command generates an error 
code, the error code is not processed. Instead, the LEDs 74 
?ash quickly betWeen yelloW and green to indicate the error. 








