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Jack E. Bayha, Chesterland, Ohio, assignor to Trans 

Marine Corporation, Chesterland, Ohio, a corpo 
ration of Ohio 

Filed Jan. 28, 1966, Ser. No. 523,699 
7 Claims. (Cl. 250—-219) 

This invention relates to an apparatus for authentica 
tion and acceptance of documents, wherein a plurality of 
documents may be involved, and more particularly where 
in it is necessary to receive and identify two or more like 
pieces of paper species and validate them, returning all 
should any fail the tests for genuineness. 

In the past it has been possible to establish the genuine 
ness of single documents, secure them and initiate a vend 
or other service impulse. Where a plurality of documents 
or currencies are involved the need for escrow, or ability 
to return all documents, should one be judged invalid, re 
sults in extremely complex devices. Heretofore, only in 
volved mechanical systems of questioned reliability have 
been able to perform the function of escrow. 
The general object of the present invention is to validate 

a plurality of documents, with full escrow function with 
out the need of any involved devices or technique. 
The speci?c object of this invention is to authenticate 

two documents at the same time, rejecting back to the 
submitter both, should either be invalid. This is in effect 
a true performance of escrow, since the ?rst bill is in effect 
held until the second is ascertained valid, with the in 
validity of either bill returning both submitted bills. When 
both bills are in fact determined genuine, both are se 
cured and the service of a vend pulse generated. 
The aforesaid and other objects of the invention are 

achieved by providing in a circuit for authentication of 
paper securities the combination of means to carry two se 
curities of the same denomination into a testing area with 
the securities stacked one on top of the other, but in the 
same relation to each other, means to project light onto 
the top surface of the top security, reference photocell 
means to detect the amount of light passing through a 
particular ‘area on the bottom side of the bottom security, 
?rst circuit means connected to the reference photocell to 
produce an output voltage dependent upon the amount 
of light detected by the reference photocell, a plurality of 
test photocells operatively supplied with the output voltage 
from the circuit means to view other areas on the bottom 
of the second security to be tested, a separate second oir 
cuit to sense whether the light detected by the test photo 
cells falls within predetermined levels :as determined by 
the ?rst circuit means to provide a signal when the paper 
security tested is authentic, and means to payout and 
receive both securities where an authentic signal is re 
ceived from the second circuit. 
For a better understanding of the invention reference 

should now be had to the accompanying drawings, ‘where 
m: 
FIGURE 1 is a diagrammatic view partly in section 

showing the apparatus and control circuits of the inven 
tion; and 
FIGURE 2 is a block diagram of the essential com 

ponents in the sensing circuit of FIGURE 1. 
The term “paper money” used hereinafter has reference 

to the article or articles to be identi?ed by the testing ap 
paratus of this invention, but this term is intended to in 
clude paper currency of all sizes, denominations, and 
countries of origin, in addition to bonds, documents, other 
paper, etc. However, the apparatus of the invention is pri~ 
marily designed for the determination of genuineness of 
two similar documents of United States paper money. 
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Speci?cally, for the purposes of the invention this means 
two one dollar bills, two ?ves or two tens. In order to 
shorten the designation of the article being tested, as 
called for hereinafter, it will be designated in the drawings 
as a bill and will be so described in the speci?cation. 
With reference to the form of the invention illustrated 

in FIGURE 1 of the drawings, the numeral 10 indicates 
a bill changing apparatus supported by a frame 11, only 
a portion of which is indicated in the drawing. A substan 
tially horizontal guide rail 14, secured to the frame 11, 
guides a bill slide 12 to :an “in” and an “out” position. To 
provide clearance for the movable bill slide 12, the dimen 
sion of the slide in the direction normal to its movement 
is slightly less than the height of the guide rail 14. The 
guide rail 14 is formed with a longitudinally extending 
groove 18. The slide 12 contains a bill chamber 20 adapted 
to receive a bill 22, or two bills with one stacked in align 
ment on top of the other. The bill chamber is formed by 
a bill support plate 24 and a bill cover 26 which :has an 
upwardly extending lip 28 that serves as a handle for the 
operator. The cover plate 26 has a forwardly extending 
ear 30 which receives a pivot pin 32 to mount the cover 
plate 26 on the slide 12. When the cover plate 26 is 
opened, the lower surface of the car 30 functions to posi 
tion the bill 22 or bills, as the case may be, accurately in 
the bill chamber 20. 
The support and cover plates have a plurality of spaced 

concentric bores 34 which extend through the plates in a 
direction normal to the movement of the slide. The plates 
contain at least one bore in two of the corner portions 
where the numeral designating the denomination of the 
bill will fall, the purpose of ‘which will be more fully ex 
plained hereinafter. The large number of bores 34 pro 
vide the apparatus with inherent versatility since a large 
number of different portions of the bill can be compara 
tively tested to determine the authenticity thereof. 
As shown in FIGURE 1, the slide 12 is in the “in” posi 

tion. In this position, the bores 34 are in alignment with 
matching bores 36 in a plate 38. The plate 38 is secured 
to and spans the lower portion of the guide rail 14. A cir 
cuit board 40 positions a selected number of light sensitive 
photocells indicated generally by numeral 42, such as 
photodiodes or photoresistors, in the bores 36. The cir 
cuit board 40 preferably positions at least one cell, such 
:as 42a, in each corner bore, two cells, such as cell 42b, 
over the numerals in two of the corners of the bill, one 
reference cell, such as 420, and six cells, such as 42d, in 
selected bores over the surface of the bill. The number of 
cells, the electrical characteristics of the separate cells, 
and the relative locations can be varied in ‘accordance 
With the unique requirements of the document being tested. 

Speci?cally, the photocells 42b may be positioned to 
view the light passing through the numerals of the bill 
and, for example, may be particularly set to distinguish 
between the numerals l and 2. The numeral 2 on a United 
States two dollar bill is very clear and unobstructed so 
that a great deal of light passes therethrough, while the 
numeral 1 on a one dollar bill is lined and will not pass 
as much light. Therefore, the photocell associated with the 
numerals can readily distinguish between a 1, a 2, two 1’s 
in stacked relation, or other denominations alone or in 
stacked relation. The signal received from these photocells 
42b will be used to set the sensing circuitry, as more fully 
described hereinafter. 

While the difference between the numerals in various 
bills can be distinguished by photocell viewing, it should 
be understood that many other areas on bills present dis 
tinguishing characteristics and these areas might be viewed 
by photocells 42b to vdetermine the denomination of the 
bill being tested. In e?ect this is merely the act of looking 
at a bill with a photodensitometric system for a portion 
of a second for its value such as ?rst 1, then 2, then 5, 
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10 etc. A change in scan is effected by suitable time delay 
relays and the switching of common tuning potentiom 
eters. 
The denomination sensing by the photocells 42b is 

used to set the sensitivity on the randomly positioned 
photocells 42d over the remainder of the bill. For ex 
ample, if it is desired to authenticate two one dollar bills 
in stacked relationship, one on top of the other, and in 
the same orientation, the photocells 42d must have ap 
proximately twice the sensitivity as is necessary with 
authentication of a single one dollar bill or a single two 
dollar bill. The authenticating signal from the numeral 
photocells 42b can be used to set this sensitivity depending 
on what it detects, since the detection of light passing 
through the numerals or other particular areas on a two, 
a one, two stacked one dollar bills, or other denomina 
tions alone or stacked is quite different and thus readily 
distinguishable. The technique of setting sensitivity by 
photocell sensing is taught in U.S. Patent No. 3,211,268, 
although it is not applied for the speci?c purpose of check 
ing numerals. 
Movement of the slide 12 to the “in” position trips a 

microswitch 44 to apply a power to lamps 46 supported 
in a housing 48, while at the same time supplying power 
to a transformer 50 of a power supply 52. The housing 
48 is positioned above the slide and therefore directly 
over the bores of the plate 38. The light energy from the 
lamps 46 as re?ected from the aligned housing passes 
through the bill or bills in the bill chamber 20, and then 
strikes the light sensitive photocells 42. The resulting elec 
trical characteristics of the individual cells is a function 
of the intensity and color of the light thereon. 
To protect against the inclusion of currencies other than 

two of the denomination desired, some sensing cells are 
used in areas which are free of printing in the denomina 
tion being authenticated, but imprinted in other denomi 
nations. This simply protects a machine designed to se 
cure two one dollar bills from accepting a one and a ?ve 
dollar bill, as it does a machine designed to accept two ?ve 
dollar bills from accepting a one dollar bill and a ?ve for 
example. 

With the method of stacking two bills one over the 
other, the ability to authenticate by photodensitometric 
means is reinforced rather than reduced in efficiency as 
might be anticipated on initial examination, since the dif 
ference between black and white, the major sensory in 
formation, is increased in range by the stacking action. 
This secures against imitation of genuine species being 
presented despite the increased latitude of acceptance de 
manded by the registration problem, since a poorly reg 
istered one dollar bill looks more like a properly regis 
tered one than it does like any other bill when examined. 

In order to remove the bill or bills from the bill cham 
ber 20, a roller 54 driven by a motor 56 is provided and 
is journalled on the frame so that the upper portion of 
the roller is positioned adjacent but slightly below the 
leading portion of the bill 22. An idler roller 58, jour 
nalled on a lever 60 pivoted to the frame, is positioned 
above the leading edge of the bill slightly forward of the 
axis of the roller 54. A solenoid 62 connected to the free 
end of the lever 60 by a spring 64 moves the idler roller 
58 into engagement with the leading or forward edges of 
the bill to pinch the bill between the rollers 54 and 58. 
The application of torque to the roller 54 by the motor 56 
pulls the bill 22 or bills from the bill chamber 20 into a 
bill chamber 66. The solenoid 62 is actuated through a 
line 72 from a plurality of relay circuits 74 and recipro 
cates the lever 60 to move the idler roller 58 into and out 
of an opening 68 in the bill slide 12. 

In a similar manner a solenoid 76, controllable by a 
signal from the relay circuits 74 over a line 78, is adapted 
to position a plunger 80 slidably supported in the frame 
11 to lock the slide 12 in the “in” position. An extensible 
?at coil spring 82, having one end thereof secured to the 
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slide 12 and the coil portion thereof secured to the frame 
11 functions to return the slide to the “out” position. 
The control circuit power supply 52 is conductively con 

nected to a switch 90 by means of a conductor 92. The 
switch 90 is operated by movement of the bill slide 12 to 
the “in” position. Conductor means 94 connects the 
switch 90 with a sensing circuit 96. The sensing circuit 96 
is connected to the light sensitive cells 42 and to the relay 
circuits 74 which is electrically coupled to the motor 56 by 
a conductor 98. The sensing circuit 96 measures the sig 
nals received from the cells 42 and provides an authentic 
or reject signal. Upon proper authentication, the circuit 
96 sends a payout signal through a conductor 100 to the 
relay circuit 74. The payout signal energizes one of the 
relays in the circuit 74 to supply a power payout signal to 
a coin vending mechanism, indicated generally by the 
numeral 102, and more speci?cally to a payout solenoid 
104 associated therewith. 
The coin vending mechanism 102 contains a coin in 

jection knife 106 which is moved in operative position by 
the solenoid 104 against the force of a pair of tension 
springs 108. Upon de-energization of the solenoid 104, 
the springs 108 function to inject the coins in front of the 
leading edge of the knife 106 to a vending trough acces 
sible to the operator (not shown). Of course, the vending 
signal could be used to dispense a product other than 
money, or to provide a desired service. 

In order to de-energize the solenoid and reset the relays 
in the relay circuit 74 upon actuation of the payout sig 
nal, a normally closed switch 110 may be opened by a 
linkage 112 when the solenoid is fully energized to thus 
effect the de-energization. 
A thermal overload switch 114 may be positioned in the I 

coin solenoid circuit conductor 116 to break the circuit 
to the solenoid when the energization to the motor 56 ex 
ceeds a predetermined time. The switch contains a pair 
of bimetal contacts 118, and heater 119 associated with 
a drive circuit to the motor 56, all in the conventional 
manner for a thermal overload switch. 

Operation of sensing circuit 

FIGURE 2 illustrates in block diagram the circuits and 
function carried out by the sensing circuit 96. First, a 
corner sensor test, as indicated by block 120, and driven 
by cells 42a, is conducted to test the corners of a bill 
placed for validation, to be sure that all corners are in 
place and of the proper consistency. See U.S. Patent No. 
3,211,268 for further details on the corner sensing. A no 
signal may, for example, actuate a reject 122 if the cor 
ners do not meet the test, whereas if the corners are satis 
factory, a yes signal will be sent to the next sequential 
step which is a numerical test 124. This test, as stated 
above senses the numerals or other distinguishing charac 
teristics in at least two of the corners of the bills, by cells 
42b, and detects whether the bills are in this instance, a 
two dollar bill, a one dollar bill, or two one dollar bills 
stacked one on top the other, as indicated by block 126, 
128, 130, respectively. The proper denomination signal 
representing which bill or bills are present is sent to the 
circuit comprising the next sequential step which is a 
relay 131. The relay 131 differentiates between the voltage 
and/or current levels of the denomination signals 126, 
128, or 130, and thus activates an ampli?er 133. The am 
pli?er 133 properly energizes a light servocircuit for volt~ 
age level adjustment, as indicated by block 132. This cir 
cuit upon receipt of the bill signal automatically adjusts 
the remainder of the sensing circuitry to look for the 
proper denomination. It utilizes the reference cell 42c to 
generate a satisfactory voltage level adjustment signal 
which is set for the particular denomination of the bill, as 
well as the particular characteristics of the bill, such as 
age, deterioration, dirtiness, etc. The voltage level pro 
vided by circuit 132 acts as a reference for a ratio analysis 
circuit 134 where the ?nal test validation of the bill is 
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generally made by photocells 42d at random, such as 
bores 34 and 36, as shown in FIGURE 1, and set forth 
above. The output from the circuit 134 will provide either 
a no signal for a reject function 136 or a yes signal for an 
accepted function 138. 
The features of the corner sensor test 120 are essen 

tially conventional and merely measure the amount of 
light passed through the corner portions of the bill to 
determine that corner portions are present and that the 
bill is squarely and properly placed in the slide 12. The 
numeral test 124, also merely measuring light passage 
does distinguish between the different light passing char 
acteristics on the numerals of a one, two stacked ones, 
and two dollar bills, and as such sets the adjustment cir 
cuit 132, through the relay 131 and ampli?er 133, in ac 
cordance with the particular bill detected. When two one 
dollar bills are stacked in aligned relationship, the circuit 
132 will be set by the denomination signal for about twice 
the sensitivity on the remaining photocell pickup to ac 
count for the lessened amount of light passed through and 
detected by the photocells 42. Naturally, it should be 
understood that the apparatus may be set to receive only 
a two dollar bill or two stacked one dollar bills, in which 
case denomination detection could be so limited. Or, of 
course, the apparatus could be set to receive only two 
stacked bills of the same denomination in which case no 
numeral or denomination test would be conducted. 
A speci?c electrical circuitry which ‘might be used for 

the circuits 132 and 134 is shown in a patentapplication 
entitled, “Photoelectric Document Authenticating Ap 
paratus With Age and Color Compensation,” invented by 
James K. Phares, Ser. No. 405,666, ?led Oct. 22, 1964 
now Patent No. 3,360,653, and assigned to the same as 
signee as the instant application. It is however, the recog 
nition of the fact that the particular denomination of bills 
can be detected by sensing the numerals in the corners, 
as well as conducting a simultaneous authenticating test 
on two one dollar bills in stacked relationship by increas 
ing the sensitivity of light detection, thereby eliminating 
the normal escrow technique utilized heretofore, that 
represents the improved embodiment of the invention. 
This is accomplished by the use of the relay 131 to prop 
erly set the ampli?er 133 so the circuits 132 and 134 look 
for authentication of the proper denomination. 
What is claimed is: 
1. In a circuit for authentication of paper securities the 

combination of: 
means to carry two securities of the same denomina 

tion into a testing area with the securities stacked 
one on top of the other in like juxtaposition, 

means to project light onto one surface of the stacked 
securities, 

a plurality of test photocells to view the light passage 
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through randomly selected areas on the other sur 
face of the stacked securities to be tested, 

a ?rst circuit receiving the output voltage from the test 
photocells to sense whether the light detected by the 
test photocells falls within predetermined levels to 
provide a signal when the paper security tested is 
authentic, and 

means to payout and receive both securities where an 
authentic signal is received from the circuit. 

2. A circuit according to claim 1 which includes a ref 
erence photocell means to detect the amount of light 
passed through a particular area on the other surface of 
the stacked securities, and second circuit means connected 
to the reference photocell to produce an output voltage 
dependent upon the amount of light detected by the refer 
ence photocell where this output voltage sets the voltage 
detection levels in the ?rst circuit. 

3. A circuit according to claim 2 where the reference 
photocell and the test photocells are of about twice the 
light sensitivity necessary for testing a single security. 

4. A circuit according to claim 3 which includes corner 
sensor photocells to detect if the corners of the securities 
are intact. 

5. A circuit according to claim 2 which includes de 
nomination detecting photocells to sense numerals in the 
corners of the securities and to automatically adjust both 
the ?rst and second circuit means when the characteristics 
of the numerals in certain securities are detected by said 
denomination detecting photocells. 

6. A circuit according to claim 2 where the means to 
carry two securities into the testing area also can carry 
only a single security, and which includes means to de 
tect between individual single securities and two stacked 
securities, and means to set the ?rst and second circuit 
means according to the detection between securities. 

7. A circuit according to claim 5 where the means to 
detect between securities is a relay which is actuated by 
the difference in light passed through predetermined dis 
tinguishing areas on the securities, and an ampli?er driven 
by the signal from the relay is provided to send a prop 
erly ampli?ed signal to the ?rst and second circuit means. 
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