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ABSTRACT:_A coded retrore?ective label for use in an auto 
matic vehicle identi?cation system. The label comprises a ver 
tical array of rectangular orange, blue, white, and black 
retrore?ective stripes arranged in selected paired combina 
tions whereby to represent in a two-position base-four code 
format infonnation pertaining to a vehicle on which the label 
is affixed. Distinguishable coded START and STOP stripe 
pairs are provided at opposite ends of the array to respectively 7 
initiate and terminate processing of the data content of the 
label. Each white stripe paired with an orange or a blue stripe 
is masked with a plurality of black nonre?ecting dots to 
reduce the re?ectivity thereof to approximate that of the 
orange or blue stripe paired therewith. A black non 
retroreflective border is also provided to isolate the stripes 
from the background on which the label is disposed. 
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LABEL FOR A MARK SENSING SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 

The present application is a divisional application of a 
copending patent application of Francis H. Stites and Brad 
street 3. Vachon, Ser. No. 386,328, ?led Jul. 30, 1964, now 
Fat. No. 3,417,231, entitled “MARK SENSING SYSTEM,” 
and assigned to the same a'ssignee as the present application. 

BACKGROUND OF THE INVENTION 

The present invention relates to a re?ective label, and more 
particularly, to a coded retrore?ective label for use in a mark 
sensing system for identifying railroad cars. 

In the railroad industry, freight cars are transported 
throughout the North American continent and a particular car 
may be away from the home railroad for months or even years 
at a time. To keep account of these cars, each railroad must 
maintain elaborate records of the location, routing, and identi 
fying numbers of their cars and must'exchange-accounts with 
other railroads. Initial recording of the cars is generally ac 
complished by the laborius and inaccurate means of manually 
listing the car number, the railroad name and other pertinent 
information for each car in a train consist before the train 
leaves the yard. In some instances, closed circuit television has 
been employed wherein an operator in a control booth of a 
switch yard notes the identity of cars passing a television 
camera located in th'eYyard. Although this method offers some 
improvement over the manual method, this system still de 
pends on a human operator and is subject to the attendant 
clerical errors. In addition, the operability of this system is 
limited in poor weather conditions such as rain, snow, or fog. 

Various automated means for identifyinglrailroad cars have 
been suggested from time to time; however, these means have 
failed to satisfy the requirements of a commercially accepta 
ble system by reason of cost, complexity, or poor operation 
under practical environmental conditions. Previously sug 
gested techniques for car identi?cation have employed elec 
tromagnetic, radioactive, sound, or optical sensing of ap 
propriately-coded indicia. In a known magnetic system, a bar 
of magnetizable material having coded notches therein is 
fastened to the undercarriage of a car where it is sensed by a 
transducer located between the tracks. This scheme suffers 
major disadvantages, one being the cost of the coded bar and 
the cost and time expended in securing the bar to the car, 
usually by welding. Furthermore, the transducer must be 
within a few inches of the coded bar to obtain proper opera; 
tion, which necessitates placing the bar close to the ground, 
such as under the track, where it is subject to extreme vibra 
tion. Moreover, as the car can sway several inches laterally, 
the bar may not be in a position to be sensed by the trans 
ducer. 
Another known system employs a series of precisely tuned 

piezoelectric crystals mounted beneath a car a few inches 
from the ties wherein the transducing apparatus is located. 
Each crystal responds to an interrogating signal with a particu 
larly tuned return signal which represents a coded digit. The 
car is identified by interrogating the crystals with a signal 
transmitted from the transducing apparatus and noting the 
frequencies of the signals returned ‘by the crystals. Although 
academically this system operates as intended, its commercial 
potential is seriously limited by certain deleterious features. 

First of all, the crystal designator is relatively expensive and 
extremely delicate, thus making it impractical for use on hun 
dreds or thousands of railroad cars. In-addition, the designator 
must be mounted beneath the car, which can not easily be 
done without taking the car out of service and installing the 
designator in a service shop. Furthermore, complex receiving 
circuitry is necessary to decode the signals returned by the 
crystals since these signals are at a plurality of closely-spaced 
frequencies. Thus, this technique does not lend itself to an 
easily installable, trouble-free and relatively inexpensive 
system. 
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Several optical systems have been evolved which’ generally 
employ a coded label located on the side of the railroad car 
which is optically scanned by apparatus located at trackside. 
In optical systems heretofore proposed, the labels have been 
coded by either black and white stripes which indicate the 
presence or absence of a numeral in an appropriate code, or 
by colored stripes wherein the information is represented by 
suitable color combinations. In some of these systems, the par 
ticular code utilized requires an extremely large label, 3 to 4 
feet in length, in order to represent the requisite information, 
which, of course, increases the cost of the label and makes it 
unwieldy to apply to a car. These known systems have not 
been-extensively vtested in the ?eld and even those tested in a 
laboratory have not ‘proven ‘to be sufficiently accurate or relia-' 
ble to be commercially attractive. 
A label reading systemwherein most of the de?ciencies of , 

the prior art were overcome has been previously disclosed'in a 
copending application Ser. No. 137,918, of Francis H. Stites 
and Raymond Alexander, ?led Sept. ‘I3, 1961, now US. Pat. 
No. 3,225,177, andi-a'ssigned‘lto the assignee of the present ap 
plication. This previous system employs optical scanning of a 
retrore?ective label. The present invention relates to a 
retrore?ective label similar to that employed in the above_-' 
mentioned optical label reading system, however, incorporat 
ing certain features developed as a result of judicious study of 
operating problems encountered in practice. 

It is, therefore, a primary object of the present invention to 
provide an improved label; 7 

In accordance with the present invention, a label is provided 
for a mark sensing system. The label which comprises stripes 
of orange, blue, black and white‘retrore?ective material ar 
ranged in accordance with a two-position base-four code, by 
various two-stripe combinations of the orange, blue, white and 
black stripes to represent start and stop signals and'alphanu 
meric ?gures. The various stripes are mounted‘horizontally‘in' 
a vertical array on the side of a vehicle. As is well known, 
retrore?ective material re?ects‘ substantially all the light 
impinging upon it back along the path of incidencerEach of 
the white stripes of the above-described label and, in particu 
lar, each of the white retrore?ective ‘stripes paired with an 
orange retrore?ective stripe or a blue retrore?ectiveistripe, is 
partially masked by a plurality of black, nonre?ecting ele 
ments such as spots. These black, nonre?ecting elements 
serve to reduce the’ re?ectivity of the white stripes, which is 
greater than the re?ectivity of orange stripes or blue stripes, 
and are provided on each white stripe in sufficient number so 
as to reduce or attenuate the re?ectivity of the white stripe to 
approximate the re?ectivity of an orange stripe or blue stripe 
paired therewith. By employing black nonre?ecing element on 
the white stripes as described above, a pulse produced in 
response to scanning a stripe-pair including a white stripe does 
not have two peaks, one corresponding to the white stripe and 
the other corresponding to the orangeor blue stripe paired 
therewith, with the peak corresponding to the white stripe 
being of greater amplitude. By insuring that a pulse derived 
from a two-stripe combination including a white stripe has-an‘ 
approximately uniform amplitude, the possibility of error oc 
curring in the measurement of the width of such pulse during 
subsequent processing and the possibility of misreading a digit 
encoded by a stripe-pair including a white stripe, which might 
otherwise occur for a double peak pulse, is lessened. To read 
the above-described coded label, a trackside optical reading‘ 
unit vertically scans a beam of light across the coded label. 
The light retrore?ected from the label is directed back to the 
reading unit where it is translated into coded information 
representative of the data encoded in the label. A particularly 
suitable trackside reading unit which may be used in'r'eading 
the above-described label is described in the above-mentioned 
patent to Stites and Vachon and includes a source of light and 
a rotating drum with a plurality of mirrors mounted aroundtits 
periphery. As the drum rotates, the mirrors cause a'lig‘ht‘bea'm 
to vertically scan the label, and the re?ected light is divided‘by 
a dichroic optical system. into orange and blue light‘which is 
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applied to respective sensors, the output signals of which are 
suitably processed to provide the requisite decoded informa 
tion. The signals appearing at the output of the sensors are 
coded pulses representative of the particular label ?gures read 
by the scanner. 

BRIEF DESCRIPTION OF THE DRAWING 

Other objects, features and advantages of a label in ac 
cordance with the invention and a better understanding of its 
construction and operation will be had from the following 
detailed description,‘ taken in conjunction with the accom 
panying drawings in which: 

FIG. I is a diagrammatic representation of a mark sensing 
system in which a label according to the present invention may 
be employed; and 

FIG. 2 is a representation of the label in accordance with 
the invention. 

GENERAL DESCRIPTION 

Referring to FIG. ll, there is shown a mark sensing system, 
described in detail in the aforementioned patent to Stites and 
Vachon, with which a coded label 12 in accordance with the 
present invention may be employed. A light beam from a 
trackside unit 10 is caused to repetitively vertically scan the 
label 112, the label 12 being affixed to the side of a railroad car 
14. Light re?ected from the label is received by the scanning 
unit 10 and is transduced into electrical signals which are ap 
plied to normalizing circuitry 16 which removes essentially all 
distortion and provides standardized pulses representative of 
the coded label information. The standardized pulses are 
decoded by decoding logic circuitry 18 the output signal of 
which operates a readout apparatus 20, such as a tele 
typewriter printer. The decoding logic circuitry 18 preferably 
includes an acceptance gating arrangement 18' which causes 
the decoding logic circuitry 18, also described in detail in the 
aforementioned patent to Stites and Vachon, to apply output 
signals to the readout apparatus 20 only when the signals 
derived from the scanning operation have been determined to 
be those derived from the label 12 only. 
The above-described system is in a deenergized condition 

until a train enters the signal block within which the scanner is 
located. At this time a command from a block signal 22, which 
is a standard item of railroad signalling equipment, actuates 
the trackside scanning unit 10 and the associated electronics 
via an ON/OFF control 21. A wheel sensor 23 and wheel 
counter logic 24 are employed to provide information to the 
decoding logic circuitry 18 and the readout apparatus 20 con 
cerning unlabeled or unreadable cars. 
A detailed description of the label 12 in accordance with 

the invention will now be presented. 

LABEL 

The label 12, shown in FIG. 2, is fabricated from pressure 
sensitive adhesive-backed retrore?ective material, such as 
that sold commercially under the trademark “SCOTCI-ILITE" 
by the Minnesota Mining and Manufacturing Company. Infor 
mation identifying the car is coded by two-stripe combinations 
of orange, blue, white and black stripes arranged in a vertical 
succession of horizontally-disposed stripes. Each bit of infor 
mation is represented by two stripes in various combinations 
of these colors; thus, a two-position base-four code results. 
This code achieves a considerable saving in label size over the 
more common binary type code. As seen in FIG. 2, the label 
112 includes, from bottom to top, a “Start Read” code, en 
coded decimal numbers one through zero, and a “Stop Read” 
code, and is scanned vertically from bottom to top by the 
scanning apparatus. In addition, a wide white stripe 25 is pro 
vided on the bottom of the label before the “Start Read" code, 
the function of is to clear the decoding logic circuitry 18 (FIG. 
I) of spurious information which may be present before the 
reading cycle starts. 

15 

20 

25 

35 

50 

55 

65 

70 

75 

The orange and blue stripes of the label 112 reflect light in 
the orange and blue spectrum, respectively, while the white 
stripes re?ect light in both the orange and blue spectrum. The 
black stripes do not re?ect signi?cantly; however, the absence 
of re?ected light is utilized in the label code along with the 
orange, blue, and white light returns, to effectively provide 
four colors. The black stripe is utilized in the label code only 
for the second stripe of the two-stripe combination since 
system timing pulses are‘initiated in the decoding logic cir 
cuitry 8 (FIG. 11) by the light re?ected from the ?rst stripe in 
every two-stripe combination. It will be noted that the “Start 
Read” and “Stop Read” code utilize blue and orange stripes, 
while data is represented by blue or orange stripes in combina 
tion with white or black. 
As brie?y stated previously, and as described in detail in the 

aforementioned patent to Stites and Vachon, the trackside 
unit It) includes an orange sensor and a blue sensor. In opera 
tion, the orange sensor responds to light re?ected from the 
orange stripes, the blue sensor responds to light in the blue 
spectrum, and both sensors respond to light re?ected from the 
white stripes. Neither sensor responds as a result of scanning a 
black stripe. Thus, particular bits of information are 
distinquished by the corresponding coded signals produced by 
the sensors. 

The amplitude of the light re?ected from the white stripes is 
greater than that re?ected from the orange or blue stripes, 
causing the signals produced by the sensors in response to 
white light to be of correspondingly greater amplitude. As 
stated previously, in order to equalize the amplitude of sensor 
signals for colored and white light, an attenuator is provided 
for the white stripes in the form of a suf?cient number of black 
dots superimposed over the white stripes to reduce the re?ec 
tivity of these stripes to essentially equal that of the colored 
stripes. In the above fashion, a pulse produced in response to 
scanning a stripe-pair including a white stripe does not have 
two peaks of unequal amplitude and the possibility of error oc 
curring in the measurement of the width of such pulse or the 
misreading of a digit encoded by a stripe-pair including a 
white stripe is lessened. 

In a system which has operated satisfactorily, the stripes are 
each 6 inches long and three-eighths inch wide, and the spac 
ing between paired stripes is one-half inch. The coded stripes 
are surrounded by a black, nonre?ective border, and each 
coded digit or instruction is separated from adjacent ones by a 
nonre?ective stripe. This prevents unwanted re?ections from 
the surface of a railroad car, especially stainless steel or alu 
minum cars, which may cause spurious signals which could 
falsely trigger the processing circuitry. The “Start Read" and 
“Stop Read” stripes are each 4 inches long and overlap each 
other by 2 inches as shown st so that reading is not initiated 
until approximately 2 inches of the label is in view of the 
scanner, since a re?ection from both stripes is required to ena 
ble the decoding logic circuitry 18. Thus, only the central por 
tion of the vertical array of stripes is “read." . Consequently, if 
the vertical edges of the label are tattered or otherwise deteri 
orated, the scanned information is not affected since reading 
does not begin until both stripes of the “Start Read" code are 
scanned. 

It is important to maintain uniform the relative brightness of 
the stripes comprising a coded digit. This is accomplished by 
fabricating each coded digit from a common piece of white 
retroreflective material and then silk screening the color on as 
needed. In this manner, variations in brightness caused by 
variations in different base material are eliminated. Variations 
in brightness between consecutive numbers is not critical. 
We claim: _ 

I. A label for use in a mark sensing system including: an 
array of parallel stripes including re?ective stripes of a first 
color, a second color, and a third color, the stripes of the third 
color having a greater re?ectivity than stripes of the first color 
or stripes of the second color, said stripes being arranged in 
selected paired combinations, each of the stripes of the third 
color paired with a stripe of the first color or a stripe of the 
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second color being partially masked with a plurality of non 
re?ective elements to reduce the re?ectivity of the stripe of 
the third color to approximate'that of the stripe of the ?rst 
color or second color paired therewith; an additional ?rst pair 
of re?ective stripes at one end of said array for initiating 
processing of the data content of the label, said additional ?rst 
pair being distinguishable from the other pairs of stripes; and 
an additional second pair of re?ective stripes at the other end 
of said array for terminating processing of the data content of 
the label, said additional second pair being distinguishable 
from the other pairs of stripes. , Y 

2. For use in a mark sensing system, a label comprising, a 
vertical array of parallel horizontally-disposed retrore?ective 
stripes of equal vertical width and equal horizontal length, said 
stripes being of four different colors and arranged in paired 
combinations in a two-position base-four code to de?ne 
alphanumeric data, predetermined ones of said stripes of four 
different colors having a greater re?ectivity than predeter 
mined other ones of said stripes of four different colors, each 
of said predetermined ones of said stripes of four di?'erent 
colors being partially masked withv a plurality of nonre?ective 
elements to reduce the re?ectivity thereof to approximate that 
of the predetermined other ones of said stripes of four dif 
ferent colors, each two-stripe combination by a nonre?ective 
spacer, an additional ?rst pair of retrore?ective stripes at one 
end .of a said array of stripes for initiating processing of the 
data content of the label, the stripes of said additional for ?rst 
pair being of equal horizonatal length and shorter than the 
stripes of the array, the stripes of the additional ?rst pair ex 
tending inwardly from opposite edges of the label and con 
tiguous with each other at a central portion of the label, and 
an additional second pair of retrore?ective stripes at the other 
end of said array of stripes for terminating processing of the 
data content of the label, the stripes of said additional second 
pair being of equal horizontal length and shorter than the 
stripes of the array, the stripes of the additional second pair 
extending inwardly from opposite edges of the label and con 
tiguous with each other at the central portion of said label. 

3. For use in a mark sensing system, a label comprising, a 
vertical array of parallel horizontally-disposed retrore?ective 
stripes of equal vertical with and equal horizontal length, said 
stripes being arranged in selected. paired combinations of 
orange, blue, white and black stripes to provide a two‘position 
base-four code, said white stripes being partially masked with 
black nonre?ective dots to reduce the re?ectivity of the white 
stripes to approximate that of the orange and blue stripes, an 
additional ?rst pair of retrore?ective stripes at one end of said‘ 
array of stripes for initiating processing of the data content of 
the label, the stripes of said additional ?rst pair being orange 
and blue and of equal horizontal length, the stripes of said ad 
ditional ?rst pair being shorter than the stripes of the array 

6 
and extending inwardly from opposite edges of said label to a 
point beyond the center of saidlabel so as to be contiguous in 
the central portion of the label, an‘ additional second pair of 
retrore?ective stripes at the other end of said label for ter 
minating processing of the data content of the label, the 
stripes of said additional seocnd pair being blue and orange 
and shorter than the stripes of the array, the stripes'of the ad 
ditional second pair extending inwardly from opposite edges 
of said label to a point beyond the center of said label so as to 
be contiguous in the central portion of the label, and a white 
retrore?ective element for clearing the mark sensing system to 
allow the content of the label to be processed, said white 
retrore?ective element having a vertical width greater than 
the vertical width of the stripes of the label and disposed ad 

15 jacent said additional ?rst pair of stripes. 
4. For usein a mark sensing system, a label comprising, a 

vertical array of parallel horizontally-disposed retrore?ective 
stripes of equal vertical width and equal horizontal length, said 
stripes being arranged in selected paired combinations of 
orange, blue, white and black stripes to providea two-position 
base-four code, said white stripes being partially masked by 
black dotsarran ed thereon in_a checkered pattern to reduce 
the re?ectivity o the white stripes to approximate that of the 

' orange and blue stripes, each paired combination of stripes 
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being separated from the adjacent paired combination by a 
black nonre?ective spacer having a vertical width approxi-. 
mately equal to the vertical width of the stripes, said stripes 
being bounded on their vertical edges by a black nonre?ective 
border for isolating the stripes of the label from the 
background on which the label is disposed, an additional ?rst 
pair of retrore?ective stripes disposed at one end of said array 
for. initiating the processing of the data content of the label, 
the stripes of said additional ?rst pair being orange and blue 
and of equal horizontal length, the stripes of said additional 
?rst pair being shorter than the stripes of the array and extend 
inginwardly from opposite vertical edges of said label to a 
point beyond the center of said label so as to contiguously 
overlap in the central portion of the label, an additional 
second pair of retrore?ective stripes disposed at the other end 
of said array for terminating processing of the data content of 
the label, the stripes of said additional second pair being blue 
and orange and shorter than the stripes of the array, the stripes 
of the additional second pair extending inwardly from op 
posite vertical edges of the label to a point beyond the center 
of said label so as to contiguously overlap in the central por 
tion of the label, and a wide white retrore?ective element hav 
ing a greater vertical width than the stripes of the label 
disposed adjacent said additional ?rst pair of stripes, said wide 
stripe being adapted for clearing the mark-sensing system to 
allow the content of the label to be processed. 
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