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(57) ABSTRACT 

An apparatus for automatically measuring dimensions 
defining the posture of a person upon whom clothing is 
to be fitted. The apparatus includes a vertical post fit 
ted with a number of shelves which are vertically move 
able on the post by means of motors. Each shelf is pro 
vided with a slide which is mounted for horizontal in 
and-out movement on the shelf. The slide is driven by 
means of a motor and gear assembly mounted on the 
shelf. The outward end of the slide contains a sensitive 
switch which is coupled to the slide drive motor. Upon 
actuating the apparatus, the slide drive motor causes 
the corresponding slide to move outward until the sen 
sitive switch is actuated by contact between the end of 
the slide and the person being fitted. As soon as the 
switch is so actuated, it shuts off the slide drive motor 
to halt the outward movement of the slide. A variable 
resistance mounted on the shelf and coupled to the 
slide provides a signal indicative of the horizontal posi 
tion of the slide. A meter is provided to convert the sig 
nal developed from the variable resistance to a visual 
display. 

4. Claims, 18 Drawing Figures 
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3,753,293 
APPARATUS FOR USE IN THE MAKING OR 

ALTERATION OF GARMENTS 

This is a continuation of copending application Ser. 
No. 822,129, filed May 6, 1969 and now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates to apparatus for use in the 

making or alteration of garments, and more particu 
larly to apparatus for rapidly and accurately taking the 
measurements of specified characteristics of the person 
being measured. 
Various devices for measuring the posture of a per 

son for whom a garment is to be made or altered are 
well known in the art, and generally comprise a frame 
having horizontally and vertically moveable members, 
and means for locking the members in position. The 
frame is situated on or adjacent to the person to be fit 
ted, and each of the members is vertically and horizon 
tally positioned with respect to the point on the per 
son's anatomy which is to be measured. Thereafter, 
each of the members is locked in position, and the dis 
placement of each member with respect to the frame 
is measured. 
Such prior art devices are exemplified by U.S. Pats. 

Nos. 435; 2,052,099; 2,063,922; 2,385,746; and 
2,818,648. 
These prior art devices all suffer from the deficiency 

that a substantial amount of time is required to position 
the frame with respect to the person being measured 
and to adjust the various moveable members with re 
spect to the person. During this time, which may be on 
the order of several minutes, the person being mea 
sured becomes uncomfortable and usually shifts his po 
sition or deviates from his normal posture. As a result, 
the measurements obtained by these prior art devices 
are often quite inaccurate. 
In addition, in positioning the members of these prior 

art devices with respect to the person being measured, 
it is necessary that the ends of the members be in con 
tact with the anatomy of the person. In so positioning 
the members, the operator of the device often applies 
sufficient pressure to the person's anatomy, so that the 
person being measures shifts in position or deviates 
from his normal posture upon being contacted by the 
measuring member. 
An object of the present invention is to provide mea 

suring apparatus which rapidly takes the measurements 
necessary for. determining the posture of the person 
being measured. 
Another object of the invention is to provide measur 

ing apparatus which accurately measures the posture of 
a person, while applying minimal contact force be 
tween a measuring member and the person being mea 
sured. 

Still another object of the invention is to provide ap 
paratus which automatically takes, the aforementioned 
measurements and provides a visual display of the mea 
sured quantities, or of quantities which are related to 
the measurements in a predetermined manner. 

SUMMARY 
These and other objects of the invention are realized 

by measuring apparatus, which comprises a vertical 
member having a plurality of supportsmounted for ver 
tical movement thereon. A corresponding plurality of 
substantially parallel elongated elements is provided, 
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2 
each such element being mounted for horizontal in 
and-out movements on a corresponding support. Each 
element has sensing means adjacent the outward end 
thereof for detecting the presence of an object at said 
outward end. Element drive means is provided for 
causing each element to move outward in response to 
a first control signal. The element drive means ceases 
to cause said outward movement in response to a sec 
ond control signal. Means coupled to the sensing means 
on each element applies the second control signal to 
the element drive means, so that the element drive 
means ceases to cause outward movement of the corre 
sponding element when the sensing means detects the 
presence of said object. 

THE DRAWINGS 
The various objects, features and advantages of the 

invention will be more readily understood by reference 
to the following description taken in conjunction with 
the appended claims and the accompanying drawings, 
in which: 
FIG. 1 is a pictorial view of measuring apparatus ac 

cording to a preferred embodiment of the invention; 
FIG. 2 shows a drive assembly gear housing used in 

the apparatus of FIG. 1; 
FIG. 3a shows, in front elevation view, one of the 

moveable shelves used in the apparatus of FG 1, and 
the drive means coupled thereto; 
FIG. 3b shows a right side view of a portion of the 

shelf shown in FIG. 3a; 
FIG. 3c shows, in plan view, the shelf drive means 

shown in FIG. 3a; 
FIG. 4a shows a left side sectional view of the out 

ward end of the neck and waist slide assemblies used in 
the apparatus of FIG. 1, these two assemblies being 
substantially identical; 
FIG. 4b shows an isometric exploded view of the sen 

sor assembly portion of the slide drive assembly shown 
in FIG. 4a, 
FIG. 5a shows, in plan view, the outward end of the 

blade, seat and calf slide drive assemblies used in the 
apparatus shown in FIG. 1, these three assemblies 
being substantially identical; 
FIG. 5b shows an isometric view of the slide drive as 

sembly of FIG. 5a; 
F.G. 6a shows a front elevation cross-sectional view 

of one of the shoulder sensor assemblies used in the ap 
paratus of FIG. 1; 
FIG. 6b shows aside view of a portion of the shoulder 

sensor assembly shown in FIG. 6a, 
FIG. 7 shows the control and display panel utilized 

for operating the apparatus of FIG. 1; 
FIG. 8 is an electrical wiring diagram showing the cir 

cuit wiring of the vertical drive motors for the shelves 
used in the apparatus of FIG. 1, and for the wiring cou 
pling the control panel of FIG. 7 to the apparatus of 
FIG. 1; 
FIGS. 9a and 9b show an electrical wiring diagram 

depicting the circuit wiring of the various slide drive 
and sensor assemblies used in the apparatus of FIG. 1; 
FIGS. 10a and 10b show a functional block diagram 

according to an alternative embodiment of the inven 
tion, in which the measurements are digitally sensed by 
the apparatus of FIG. 1 (appropriately modified), and 
displayed by means of digital readouts; and 
FIG. 11 shows another form of a portion of the em 

bodiment shown in FIGS, 10a and 10b. 
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DETAILED DESCRIPTION 
The structure shown in FIG. 1 comprises a measuring 

apparatus 1, the various operating parts of which are 
mounted on a vertical shaft 2, one surface of which 
comprises a vertical gear rack (not shown in FIG. 1). 
The apparatus 1 is mounted within a cabinet 3 by se 
curing the upper and lower ends of the shaft 2 to the 
corresponding surfaces of the cabinet. 
A plurality of shelf-like supports 4, 5, 6, 7 and 8 

(hereinafter referred to as shelves) are mounted for 
vertical movement on the shaft 2. Each of the shelves 
4 through 8 is positioned at the desired point on the 
shaft 2 by means of corresponding vertical drive assem 
blies 9, 10, 11, 12 and 13, respectively. 
Mounted for sliding horizontal in-and-out movement 

on the shelf 4 is an elongated neck slide assembly 14, 
at the outer end of which is located a neck sensor as 
sembly 15. 
An elongated shoulder blade slide assembly 16 is 

mounted for sliding horizontal in-and-out movement 
on the shelf 5. A shoulder blade sensor assembly 17 is 
positioned at the outer end of the slide assembly 16. 
An elongated waist drive assembly 18 is mounted for 

sliding horizontal in-and-out movement on the shelf 6. 
A waist sensor 19 is positioned at the outer end of the 
waist slide assembly 18. 
An elongated seat slide assembly 20 is mounted for 

sliding horizontal in-and-out movement on the shelf 7. 
A seat sensor assembly 21 is positioned at the outer end 
of the seat slide assembly 20. 
An elongated calf slide assembly 22 is mounted for 

sliding horizontal in-and-out movement on the shelf 8. 
A calf sensor assembly 23 is positioned at the outer end 
of the calf slide drive assembly 22. 
Each of the slide assemblies 14, 16, 18, 20 and 22 are 

moved inwardly or outwardly by means of correspond 
ing slide drive assemblies 24a, b, c, d and e, each of 
which contains a motor and gear train. Each of the slide 
assemblies 14, 16, 18, 20 and 22 has a corresponding 
gear rack 25a, b, c, d or e (represented generally by the 
number 25) mounted thereon. Each slide assembly is 
driven by interaction of a gear within the correspond 
ing slide drive assembly, with the gear rack on the slide assembly. 
Each of the slide drive assemblies 24a through 24e 

(represented generally by the number 24) contains a 
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direct current motor 26, which is reversible by revers- . 
ing the polarity of the voltage applied to the motorter 
minals. Two limit switches (not shown) are positioned 
on each of the shelves 4 through 8 to sense the extreme 
limits of travel of the corresponding slide assemblies 
14, 16, 18, 20 and 22. As each slide assembly moves in 
ward or outward to the limit of its travel, the corre 
sponding limit switch is engaged, the limit switch being 
wired in series with the corresponding motor 26 to halt 
movement of the slide assembly. 
Each of the vertical drive assemblies 9 through 13 is 

of similar construction to, and operates in generally the 
same manner as the slide drive assemblies 24. Vertical 
limit switches (not shown) are provided to prevent 
each of the shelves 4 through 8 from colliding with an 
adjacent shelf or with the top or bottom of the cabinet 
3 during vertical movement thereof. 
Each of the slide drive assemblies 24 may contain a 

brake solenoid 27, for the purpose of more rapidly halt 
ing the horizontal movement of the corresponding 
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slide. Such a solenoid is not necessary where the inertia 
and friction of the slide drive assembly 24 and the cor 
responding slide are such that overtravel of the slide is 
not significant. 
Each slide drive assembly 24 also contains a potenti 

ometer (variable resistance) 28, which is coupled to 
the gear rack 25 of the corresponding slide assembly, 
so that the resistance between the wiper arm and one 
end of the potentiometer 28 is a measure of the hori 
zontal position of the slide. 
Mechanically secured to the neck shelf 4 is a shoul 

der sensor support bracket 29, which moves vertically 
with the shelf 4 in response to operation of the vertical 
drive assembly 9. Shoulder sensor assemblies 30 and 31 
are mounted on the shoulder sensor support bracket 29 
and are laterally moveable on the bracket 29 via the 
bracket grooves 32. Each of the shoulder sensor assem 
blies 30 and 31 contains a sensor drive (not shown in 
FIG. 1) which effects vertical movement of the corre 
sponding shoulder sense arm 33 or 34. Potentiometers 
(not shown in FIG. 1) within the shoulder sensor as 
semblies 30 and 31 provide electrical signals indicative 
of the positions of the corresponding sense arms 33 and 
34. 
While the various parts of the apparatus 1 may be 

manufactured of any suitable material, the shelves 4 
through 8, the housings of the slide drive assemblies 24 
and of the vertical drive assemblies 9 through 13, the 
slides 14, 16, 18, 20 and 22, and the various sensors are 
preferably constructed of a readily machinable, low 
cost plastic such as Plexiglas. 
While direct current motors are utilized in the pre 

ferred embodiment of the invention, alternating cur 
rent motors could also be employed, if suitable means 
for reversing the motor drive is provided. While the 
vertical drive of the shelves 4 through 8 and the hori 
zontal drive of the slides 14, 16, 18, 20 and 22 is prefer 
ably effected by means of the interaction between a 
gear wheel and a gear rack, other suitable means, such 
as a friction drive arrangement, could also be em ployed. 
While it is preferred that the slide drive assemblies 24 

be capable of driving the corresponding slides in both 
directions, it is sufficient if the slide drive assemblies 24 
serve to drive the corresponding slides in the outward 
direction only. After the desired measurements have 
been taken by the apparatus 1, the various slides 14, 
16, 18, 20 and 22 may be returned to their retracted 
positions manually, rather than by reversing the direc 
tion of operation of the slide drive assemblies 24. 
In FIG. 1, each of the slides 14, 16, 18, 20 and 22 is 

shown retracted, that is in its furthest inward position. 
Suitable casters 35 are provided on the bottom of the 

cabinet 3 to permit movement of the cabinet and align 
ment of the apparatus 1 with the person whose mea 
surements are to be taken. 

Briefly, and as will hereinafter be described in further 
detail, the apparatus 1 is operated by positioning the 
cabinet 3 so that the various sensors 15, 17, 19, 21 and 
23 are parallel to the rear surface of the person whose 
measurements are to be taken. The vertical drive as 
semblies 9 through 13 are then operated to position the 
sensors 15, 17, 19, 21 and 23 in alignment with the 
neck, shoulder blades, waist, seat and calves of the per 
son to be measured, respectively. The various slide 
drive assemblies 24 are then activated, either simulta 
neously or sequentially, to move each of the slides 14, 
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16, 18, 20 and 22 outwardly until the sensor at the end 
of each slide contacts the anatomy of the person being 
measured. Upon contact with the person, the corre 
sponding sensor is deflected to actuate a sensitive 
switch (the switch being part of the sensor assembly) 
and thus to disconnect the motor 26 of the correspond 
ing slide drive assembly 24 to halt outward movement 
of the slide. 
When the outward movement of all the slides has 

been terminated by operation of the corresponding 
sensors, the position of each slide with reference to, for 
example, the vertical shaft 2, provides a measurement 
which is indicative of the posture of the person whose 
measurements are being taken. While the horizontal 
position of each slide may be manually measured, pref 
erably an electrical indication of the position of each 
slide may be provided by means of the corresponding 
potentiometer 28, coupled in circuit with a source of 
voltage and a meter, so that the horizontal position of 
the corresponding slide may be directly read out on the 
meter scale. 
With a linear rate of travel of each slide on the order 

of 2 inches per second, and a maximum slide travel on 
the order of 10 inches, these being the preferred pa 
rameters, the maximum measurement time is on the 
order of 5 seconds for simultaneous operation of the 
slides, and 25 seconds for sequential operation thereof. 
After the neck sensor 15 has been actuated to halt 

outward movement of the slide 14, the shoulder sensor 
assemblies 30 and 31 may be manually or automatically 
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actuated to move the corresponding shoulder sense 
arms 33 and 34 downward until they engage the corre 
sponding shoulders of the person being measured. 
When the shoulder sense arms engage the shoulders of 
the person being measured, they operate correspond 
ing sensitive switches to disconnect the shoulder drive 
assembly motors, so as to halt further downward move 
ment of the sense arms. The height of each shoulder 
with respect to the neck sensor 15 may then be mea 
sured by rotating each of the sense arms 33 and 34 hor 
izontally to overlie the indicia 36, and reading the cor 
responding measurement from the indicia markings. 
Alternatively, the position of each sense arm may be 
electrically determined by means of a potentiometer 
coupled to the corresponding shoulder sensor assem 
bly. 
The operation of the shoulder sensor assemblies may 

add about 5 seconds to the measurement time, so that 
the maximum period of time for which the person being 
measured must maintain his position and posture is on 
the order of 10 seconds for simultaneous operation of 
the slides, and 30 seconds for sequential operation 
thereof. 
The difference in height between the shoulders, if 

any, can be determined by manually subtracting the 
two shoulder readings, or by electrically subtracting the 
signals generated by potentiometers coupled to the cor 
responding shoulder sensor assemblies. 
While for some purposes it may be sufficient to ob 

tain data corresponding to the horizontal position of 
each of the slide drive assemblies, for certain purposes 
it is necessary to obtain data corresponding to prede 
termined combinations of these measurements. For ex 
ample, in order to reduce the manufacturing cost of 
made to measure clothing, a reference file of clothing 
patterns has been procured by AUTOMEASURE, 
INC., the assignee of the instant application, whereby 
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6 
a file number is assigned to each pattern, the file num 
ber being expressed in terms of a predetermined com 
bination of the neck, blade, waist, seat, calf and shoul 
der measurements provided by the apparatus 1. In 
order to reduce the possibility of error and to utilize 
relatively unskilled labor, the measurements provided 
by the various sensors of the apparatus 1 are preferably 
electrically combined to provide the desired composite 
readings. This system of patterns and of file number 
designationa does not constitute any part of the present 
invention. 
Each of the sensors 15, 17, 19, 21 and 23, as well as 

the shoulder sense arms 33 and 34, is preferably cou 
pled to a sensitive switch, so that only a slight force ex 
erted by the person being measured upon the corre 
sponding sensor is required to halt the movement of the 
corresponding slide or sense arm. 

If the required force is too small, the sensor is actu 
ated upon contacting the person's outer garments, thus 
providing an erroneous reading. If the required force is 
too large, contact of the sensor with the person being 
measured may cause the person to shift his position. 
Preferably, in accordance with the preferred embodi 
ment of our invention, the force required to actuate 
each sensor is on the order of 4 to 7 ounces. 
The operation of the slide drive assemblies 24 and of 

the vertical drive assemblies 9 through 13 will be more 
clearly understood upon reference to FIGS. 2, 3a, 3b 
and 3c of the drawings. 
FIG. 2 shows the housing 50 which is employed to 

hold the various parts of the slide drive assemblies 24 
and the various vertical drive assemblies. The slide 
drive assemblies 24 are all identical to each other, ex 
cept for the resistance values of the potentiometers 28 
coupled thereto. The vertical drive assemblies 9 
through 13 are identical to each other and to the slide 
drive assemblies 24, except that the vertical drive as 
semblies do not contain the solenoid 27 or potentiom 
eter 28. The use of the solenoid 27 in the slide drive as 
semblies 24 is optional and will depend upon the partic 
ular inertia and friction parameters involved in the de 
sign of any specific embodiment of the invention, as 
well as upon the amount of slide overtravel which can 
be tolerated. 
The housing 50 comprises two machined pieces of a 

suitable plastic, preferably an acrylic plastic such as 
Plexiglas. 
The housing 50 comprises a lower piece part 51 and 

an upper piece part 52, the adjacent surfaces of the 
piece parts 51 and 52 having aligned grooves 53 and 54 
therein which cooperate to form apertures for receiv 
ing rotating shafts. The lower piece part 51 has a longi 
tudinal rectangular aperture 55 therein which is dimen 
sioned to receive one of the slides 14, 16, 18, 20 and 
22, or the vertical shaft 2. The lower and upper piece 
parts 5 and 52 are secured to each other by a number 
of screws (not shown), after the various gears and asso 
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ciated components have been assembled to the housing 
50. A drive motor 26 is mounted on the upper piece 
part 52 so that the motor shaft extends into a chamber 
56 (see FIGS. 3a and 3b) defined by cooperating aper 
tures in the upper and lower piece parts 52 and 51. 
The apertures 55 in the lower piece part 51 has an in 

dented portion 57 which is adapted to receive the gear 
racks 25 of the slide drive assemblies 24 or the vertical 
gear rack 58 (see FIG. 3a) of the supporting shaft 2. A 
chamber 59 (see FIGS. 3a and 3b) in the upper piece 
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part 52 and in the upper portion of the lower piece part 
51 communicates with the indented portion 57 of the 
longitudinal aperture 55, so that a drive gear 60 situ 
ated within the chamber 59 may engage the gear rack 
25. 
Referring to FIGS. 3a and 3b, the drive gear 60 is 

coupled via a shaft to an intermediary gear 61 which in 
turn is coupled to a worm gear 62 situated on the shaft 
of the motor 26. Both the intermediary gear 61 and the 
worm gear 62 are situated in the chamber 56. As the 
slide 14, 16, 18, 20 or 22 moves outward, the motion 
of the slide is halted by disconnecting the power supply 
from the terminals of the motor 26 when the corre 
sponding sensor engages the person whose measure 
ments are being taken. 
Due to the inertia of the rotor of the motor 26, as re 

flected through the gears 62, 61, 60 and 25, and the in 
ertia of the slide, the slide will move outward a small 
distance after the motor terminals have been discon 
nected from the power supply by the corresponding 
sensor. Where the amount of overtravel is objection 
able, the overtravel can be substantially reduced by 
means of the solenoid 27, which may be wired in circuit 
with the motor 26 and the sensor switch, so that the so 
lenoid 27 is activated at the same time the terminals of 
the motor 26 are disengaged from the power supply, 
Upon being activated, the core 63 of the solenoid 27 
moves inward, so that the end 64 of the shaft 65 at 
tached to the solenoid core engages the shaft of the 
motor 26, and the friction between the shaft end 64 and 
the shaft of the motor 26 causes the motor to rapidly 
stop. The end 64 of the shaft 65 is preferably con 
structed of a suitable brake lining material, and the ad 
jacent portion of the motor shaft may be protected by 
a suitable collar 66, so that the shaft end 64 and the col 
lar 66 cooperate to form a brake assembly. 
The horizontal position of the slide 14, 18, 19, 20 or 

22 is converted into an electrical signal by means of the 
potentiometer 28. The potentiometer 28 has a shaft 29 
which is coupled to the slide gear rack 25 via the gear 
train consisting of gears 67,68, 69, 70 and 71 (see FIG. 
3b). Gear 71 engages the slide rack gear 25 and is cou 
pled to gears 70 and 69 by a rotating shaft. Gears 69 
and 70 are concentrically mounted on the shaft, and 
are situated in the well 56. Gear 68 engages gear 70, 
and gear 67 engages gear 68, gear 67 being mounted 
for rotation with the potentiometer shaft 29. Gears 67 
and 68 are also situated within the well 56, while gear 
71 is situated within the well 59. 
The solenoid 27 is mounted to the shelf 4, 5, 6, 7, or 

8 by means of a mounting block 72, while the potenti 
ometer 28 is secured to the mounting block 72 by a 
bracket 73. 
Instead of the potentiometer 28, other variable im 

pedance devices such as variable capacitors, variable 
inductors or digital shaft encoders may be employed to 
convert the horizontal position of the slide to an electri 
cal signal. Alternatively, a pulse generating device may 
be employed to provide an output pulse corresponding 
to each increment of horizontal slide movement, as will 
be hereafter described in connection with an alterna 
tive embodiment of the invention. 
Each of the shelves 4 through 8 has a vertical support 

portion 80. A cross-brace 81 provides rigidity of the 
shelf structure. Each of the vertical drive assemblies 9 
through 13 comprises a vertical drive housing consist 
ing of a lower piece part 82 and an upper piece part 83, 
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8 
the piece parts 82 and 83 being substantially identical 
to the piece parts 51 and 52, respectively. Each shelf 
is moved vertically up or down by the interaction of a 
drive gear 84 with the vertical gear rack 58. A direct 
current motor 85 is coupled to the drive gear 84 by 
means of a worm gear 86 and an intermediate gear 87 
(see FIG. 3c), the worm gear 86 being mounted on the 
motor shaft. 
The operation of the neck sensor 15 will be better un 

derstood by reference to FIGS. 4a and 4b of the draw 
ing. The waist sensor 19 is of substantially identical 
construction to, and operates in substantially the same 
manner as the neck sensor 15. 
As shown in FIG. 4a, the neck sensor 15 comprises 

a housing 90 which is mounted to the outer end of the 
slide 14. As shown in FIGS. 4a and 4b, a sensing lever 
91 is pivotally mounted to the upper portion of the sen 
sor housing 90, so that as the slide 14 moves outward 
in the direction represented by the arrow A, upon en 
gaging the person to be measured, the sensor lever 91 
moves inward in the direction designated by the arrow 
B. A sensitive switch 92 is mounted inside the sensor 
housing 15. The switch92 has an actuating pin 93 adja 
cent the inside surface of the sensor lever 91 so that 
when, upon engaging the person being measured, the 
sensor lever 91 moves in the direction designated by 
the arrow B, the actuating pin 93 is depressed by the 
lever 91 to actuate the switch92. The switch 92 is elec 
trically connected to various parts located on the shelf 
4 by means of flexible wires 94 which are situated in a 
longitudinal “tunnel' in the slide 14. 
The manner of operation of the shoulder blade, seat 

and calf sensors 17, 21 and 23 will be more clearly un 
derstood with reference to FIGS. 5a and 5b of the 
drawing, which show plan and pictorial views of the 
sensor assembly 17. The sensor assemblies 21 and 23 
are substantially of the same design as the sensor 17. 
However, the width of the calf sensor 23 is preferably 
greater than the width of the shoulder blade and seat 
sensors 17 and 21. 
As seen in FIGS. 5a and 5b, the shoulder blade sensor 

17 comprises a hollow housing 95 secured to the outer 
end of the shoulder slide 16. Pivotally mounted at the 
center portion of the housing 95 are left and right sense 
levers 96 and 97, respectively. Sensitive switches 98 
and 99 are mounted within the housing 95, and have 
actuating pins 100 and 101 situated adjacent the corre 
sponding sense levers 96 and 97, respectively, so that 
upon engaging the shoulder blades 102 of the person 
being measured when the slide 16 is moved outward in 
the direction represented by the arrow A, the sense le 
vers 96 and 97 are deflected in the direction repre 
sented by the arrows B, so that each sense lever de 
presses the corresponding actuating pin 100 or 101. 
The sensitive switches 98 and 99 are wired in series, so 
that the outward movement of the slide 16 is halted 
when either one of the sense levers 96 and 97 engages 
the corresponding shoulder blade of the person being 
measured. 
Rather than pivoting the sense levers 96 and 97 at the 

central portion of the housing 95, these levers may al 
ternatively be pivoted at the outer portions of the hous 
ing 95, for example at the points 103. 
The sensitive switches 98 and 99 are electrically con 

nected to parts situated on the shelf 5 by means of flexi 
ble wires 105 situated within a longitudinal tunnel in 
the slide 16. 
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When the sense levers 96 and 97 are not in contact 

with the person being measured, they are biased in 
proper position by pressure exerted by the actuating 
pins 100 and 101 via springs (not shown) internal to 
the corresponding sensitive switches 98 and 99, respec 
tively, excessive outward movement of the sensor le 
vers being prevented by interaction between the inside 
corners 106 of the levers and the adjacent portion of 
the central part 107 of the housing 95. 
The construction of the shoulder sensor assembly 31 

will be better understood by reference to FIGS. 6a and 
6b of the drawing. The shoulder sensor assembly 30 is 
of substantially the same construction as the shoulder 
sensor assembly 31. 
As shown in FIGS. 6a, the shoulder sensor assembly 

31 comprises a hollow housing 110 having an end plate 
111, an end bearing plate 112, and internal bearing 
plates 113 and 114. A drive screw 115 is rotatably 
mounted at its upper end to the bearing plate 114 and 
at its lower end to the end bearing plate 112. Situated 
on and threadably engaged with the drive screw 115 is 
a vertically moveable sensor platform 116, which has 
an internally threaded aperture 117 which engages ad 
jacent threads of the drive screw 115. A vertical slot 
118 in the housing 110 permits the sensor platform 116 
to move vertically without interference with the hous 
ling. 

The drive screw 115 is rotated by a motor 119, which 
is coupled to the drive screw 115 by means of interme 
diate gears 120, 121, 122 and 123. As the drive screw 
115 rotates, the sensor platform 116 is caused to move 
vertically up or down, depending upon the direction of 
rotation of the drive screw. The vertical position of the 
sensor platform 16, which is related to the number of 
rotations undergone by the drive screw 115, is con 
verted to an electrical signal by the potentiometer 124, 
which is coupled to the drive screw by intermediate 
gears 125 and 126. 
Situated outside the housing 110, and secured to the 

end of the sensor platform 116, is a U-shaped bracket 
127. A sensitive switch 128 is mounted within the 
opening of the U-shaped bracket 127. A sense arm sup 
port 129 is pivotally mounted (by means of pins 130) 
within the opening of the U-shaped bracket 127, and 
above the sensitive switch 128. The sense arm support 
129 is positioned so that, upon upward deflection of the 
front portion 131 thereof (see FIG. 6b), the rear por 
tion 132 of the sense arm support is deflected down 
ward to depress the actuating pin 133 of the sensitive 
switch 128. 
The sense arm 34 is pivotally mounted on the sense 

arm support 129 by means of a hinge pin 134, so that 
the sense arm 34 may, after the downward movement 
of the sensor platform 116 has been halted by opera 
tion of the sensitive switch 128 when the sense arm 124 
engages the shoulder of the person being measured, be 
rotated so that the shoulder height may, if desired, be 
read from the indicia 36 (see FIG. 1). 
The shoulder sensor assembly 31 is slideably 

mounted to the shoulder support bracket 29 by means 
of a washer 135 and a pin 136, as shown in FIG. 6b. 

In operation, the direct current motor 119 is initially 
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form 116 is moved to its uppermost position. The 
shoulder sensor assembly 31 is then moved laterally on 
the shoulder support bracket 29 so as to position the 
sensor arm 34 above the corresponding shoulder of the 
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person to be measured. Alternatively, the shouldersen 
sor assembly 31 may be mounted in a fixed position on 
the shoulder support bracket 29, and the sense arm 34 
rotated about the hinge pin 134 until the outward end 
of the sense arm is positioned above the corresponding 
shoulder of the person to be measured. 
When the outward end of the sense arm is properly 

positioned, the motor 119 is coupled to the power sup 
ply to rotate the drive screw 115 so that the sensor plat 
form 116 proceeds to move downward, i.e., in the di 
rection represented by the arrow A in FIG. 6a. When 
the outward end of the sense arm 34 engages the shoul 
der of the person being measured, the sense arm is de 
flected upward, i.e., in the direction represented by the 
arrow B in FIG. 6b, so that the forward end 131 of the 
sense arm support 129 also moves upward. This up 
ward movement causes the sense arm support 129 to 
rotate about the hinge pins 130, so that the rearward 
end 132 of the sense arm support 129 rotates down 
ward, i.e., in the direction represented by the arrow C 
in FIG. 6b, to depress the actuating pin 133 of the sen 
sitive switch 128. By means of electrical connections 
between the sensitive switch 128 and the motor 119, 
the downward movement of the sensor platform 16 is 
then halted. 

Instead of the shoulder sensor assembly 31, a verti 
cally oriented support shelf having a vertically move 
able slide mounted thereon, with a suitable sensor at 
the outward end of the slide, may be employed to mea 
sure the shoulder height. Such an assembly may be sim 
ilar or identical to the arrangement comprising, for ex 
ample, the shelf 4, slide 14, slide drive assembly 24, and 
sensor 15. 

The apparatus 1 described in connection with FIGS. 
1 through 6b of the drawing, may be operated by means 
of the control panel 140 shown in FIG. 7. 
The control panel 140 contains a switch 141 for turn 

ing the power supply to the apparatus 1 on or off, and 
momentary pushbuttons 143, 144, 145, 146 and 147 
for activating the corresponding vertical drive assem 
blies 9, 10, 11, 12 and 13, respectively, to move the 
corresponding shelves 4, 5, 6, 7 and 8 upward to a de 
sired position. Momentary pushbuttons 147, 148, 149, 
150 and 151 are coupled to the corresponding vertical 
drive assemblies 9, 10, 11, 12 and 13, respectively, to 
move the corresponding shelves 4, 5, 6, 7 and 8 down 
ward to a desired position. 
Momentary pushbutton 153 serves to activate the 

motor 119 (FIG. 6a) to move the shoulder sensor plat 
form 116 upward, while momentary pushbutton 154 
serves to activate the motor 119 to move the shoulder 
sensor platform 116 downwward when it is desired to 
measure the shoulder height. 
The position of the left shoulder with respect to the 

neck slide 14 is indicated by the meter 155, the position 
of the right shoulder with respect to the neck slide 14 
is indicated by the meter 156, and the difference in 
height between the left and right shoulders is indicated 
by the meter 157. 
The momentary pushbutton 158 operates to retract 

all of the slides 14, 16, 18, 20 and 22, either sequen 
tially (in accordance with the preferred embodiment of 
the invention) or simultaneously. Momentary pushbut 
ton 159 operates all of the slides 14, 16, 18, 20 and 22, 
either sequentially (in accordance with the preferred 
embodiment of the invention) or simultaneously, to 
move each slide outward until its forward motion is 
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halted as a result of contact between the corresponding 
sensor and the anatomy of the person being measured. 
After the momentary pushbutton 159 has been oper 

ated and the slides 14, 16, 18, 20 and 22 have moved 
outward horizontally to their proper positions, refer 
ence numerals corresponding to those utilized in the 
pattern reference file previously mentioned, are dis 
played on the meters 160 (coat indication) and 161 
(pants indication). For example, the numerical desig 
nations on the coat indication meter 160 may be pro 
portional to the neck slide position plus the seat slide 
position minus twice the blade slide position. Similarly, 
the numerical designations on the pants indication 
meter 161 may be proportional to the waist slide posi 
tion plus the calf slide position minum twice the seat 
slide position. Preferably, both positive and negative 
numerals are incorporated on the faces of the meters 
160 and 161. 
Although conventional rotating needle panel meters 

may be utilized, preferably edgewise panel meters are 
employed for the meters 155, 156, 157, 160 and 161. 
The manner in which the various control pushbuttons 

and panel meters are electrically connected to the ap 
paratus 1 will be best understood by reference to the 
electrical wiring diagrams shown in FIGS. 8, 9a, and 9b 
of the drawing. 
Direct current for driving the various motors of the 

apparatus 1 is provided by the power supply 165 (FIG. 
8) which has terminals 166 adapted for connection to 
a suitable source of a.c. line voltage. The a.c. inputter 
minals 166 are connected to the primary winding 167 
of a stepdown transformer 168, by means of the power 
control switch 141 and a fuse 169. The center tapped 
secondary winding 170 of the transformer 168 is con 
nected in a full wave rectifier circuit comprising recti 
fier diodes 171 and 172, to provide a negative (with re 
spect to ground 173) d.c. voltage at the terminal Y, and 
the points in the circuit connected thereto. The voltage 
at the terminal Y is filtered to a limited extent, by the 
capacitor 163, which is connected between terminal Y 
and ground 173. Each of the neck, blade, waist, seat 
and calf vertical drive motors 85a, b, c, d and e, 
respectively, is connected between the power supply 
terminal Y and ground (173) through the correspond 
ing up and down control pushbuttons and movement 
limit switches. 
As seen in FIG. 8, each of the up and down control 

pushbuttons 143 through 152 is of the double pole sin 
gle throw type. The up control pushbuttons 143 
through 147 are shown in the actuated position, while 
the down control pushbuttons 148 through 152 are 
shown in the normal (not actuated) position. The up 
and down control pushbuttons 143 and 148 have a pair 
of electrically common terminals, these buttons being 
wired to form a polarity reversing switch arrangement, 
so that when the pushbutton 143 is depressed, the volt 
age applied to the terminal 175 of the neck vertical 
drive assembly motor 85a is negative with respect to 
the voltage applied to the terminal 176 of the motor 
85a. The motor 85a is so arranged that when the volt 
age at terminal 175 is relatively negative with respect 
to the voltage at terminal 176, the motor causes the 
neck shelf 4 to move upward. When the pushbutton 
143 is released and the pushbutton 148 is depressed, 
the polarity of the voltage applied to the motor 85a is 
reversed, so that the voltage at terminal 175 is rela 
tively positive with respect to the voltage at terminal 
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176, and the motor 85a causes the neck shelf 4 to move 
downward. 
While the pushbutton 143 is depressed, and the verti 

cal drive motor 85a is operating to move the neck shelf 
4 upward, the diode 177a is forward biased and the 
diode 178a is reverse biased, so that current flows be 
tween the contacts of the up limit switch 179a. The up 
limit switch 179a is mounted on the upper portion of 
the vertical drive assembly 9, so that when the vertical 
drive assembly 9 contacts the top of the cabinet 3 (see 
FIG. 1), the up limit switch 179a is actuated, and dis 
connects the vertical drive motor 85a from the power 
supply 165. 

Similarly, when only the pushbutton 148 is de 
pressed, so that the vertical drive motor 85a causes the 
neck shelf 4 to move downward, the diode 177a is re 
verse biased and the diode 178a is forward biased, so 
that current flows between the contacts of the down 
limit switch 180a. The down limit switch 180a is 
mounted on the lower portion of the vertical drive as 
sembly 9, so that as the motor 180a is actuated when 
the lower portion of the vertical drive assembly 9 con 
tacts the upper portion of the shoulder blade vertical 
drive assembly 10, thus disconnecting the motor 85a 
from the power supply 165. 
By utilizing the diodes 177a and 178a, the number of 

wires needed to connect the pushbuttons 143 and 148 
to the vertical drive assembly 9 is reduced, so that only 
two interconnecting wires are needed. Since the verti 
cal drive assembly 9 moves up and down on the shaft 
2, the interconnecting wires must be quite flexible, and 
are preferably formed into a loop of sufficient size to 
accommodate the anticipated vertical movement of the 
assembly 9. In view of these factors, it is highly desir 
able to minimize the number of interconnecting wires 
coupled to the vertical drive assembly 9. 
The shoulder blade, waist, seat and calf vertical drive 

motors 85b, 85c, 85d and 85e are selectively connected 
to the power supply 165 by their respective up and 
down control pushbuttons 144/149, 145/150, 146/151 
and 147/152, respectively. The vertical movement of 
each of these drive motors is limited by their up and 
down limit switches, 179b/180b, 179c/180c, 179c/180d 
and 179e/180e, which operate in substantially the same 
manner as the up and down limit switches 179a and 
180a associated with the vertical drive motor 85a. 
Small capacitors 181a, b, c, d and e are connected 
across the terminals of the vertical drive motors 85a, b, 
c, d and e, respectively, to prevent high voltages from 
being developed when each motor is disconnected 
from its power supply, thus protecting the contacts of 
the various switch elements connected in circuit with 
the motor. 
The negative d.c. voltage appearing at the terminal Y 

is converted to a more adequately filtered, regulated 
d.c. voltage by the resistor 182, capacitor 183 and 
Zener diode 184. The filtered negative voltage, which 
appears at the terminal X, is employed to operate the 
indicating meters 155, 156, 157, 160 and 161 by way 
of the various potentiometers (variable resistances) 
coupled to the slides 14, 16, 18, 20 and 22 and to the 
shoulder sensor assemblies 30 and 31. 
The negative d.c. voltage at the terminal X is applied 

to one end of the potentiometer 28a, which is mounted 
on the neck slide drive assembly 24a with its shaft cou 
pled for rotation in synchronism with the horizontal 
movement of the slide 14. The wiper arm of the neck 
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slide position potentiometer 28a is connected to one 
end of the seat slide position potentiometer 28d, which 
is mounted on the seat slide drive assembly 24d with its 
shaft coupled for rotation in synchronism with the hori 
Zontal movement of the seat slide 20. The wiper arm of 
the seat slide position potentiometer 28d is connected 
to one end of a fixed resistor 185, the other end of 
which is connected in series with a calibration potenti 
ometer 186 to ground. With this arrangement, the volt 
age developed at the terminal 187 of the coat indica 
tion meter 160 (with respect to ground) is proportional 
to the sum of the neck and seat slide positions, the neck 
and seat slide position potentiometers 28a and 28d 
being of substantially equal value. 
The negative d.c. voltage appearing at the terminal X 

is also applied to one end of the blade slide position po 
tentiometer 28b, which is mounted on the blade slide 
drive assembly 24b with its shaft coupled for rotation 
in synchronism with the horizontal movement of the 
blade slide 16. The wiper arm of the blade slide posi 
tion potentiometer 28b is coupled through the series 
combination of a fixed resistor 188 and a calibration 
potentiometer 189 to ground. The voltage which ap 
pears at the terminal 190 of the coat indication meter 
160 (with respect to ground) is therefore proportional 
to the horizontal position of the shoulder blade slide 
16. If the value of the blade slide position potentiom 
eter 28b is made equal to twice the value of the potenti 
ometers 28a and 28b, the potential difference read by 
the coat indication meter 160 is proportional to the 
neck slide position plus the seat slide position minus 
twice the blade slide position, the particular combina 
tion which is desired for the purposes previously dis 
cussed. 

In similar fashion, the waist slide position potentiom 
eter 28c and the calf slide position potentiometer 28e 
are connected in series with a fixed resistor 191 and a 
calibration potentiometer 192 between the terminal X 
and ground, so that the voltage appearing at the termi 
nal 193 of the pants indication meter 161 (with respect 
to ground) is proportional to the sum of the waist and 
calf slide positions. An additional seat slide potentiom 
eter 28d', which is mounted on the same shaft as the 
seat slide potentiometer 28d, is connected in series with 
a fixed resistor 194 and a calibration potentiometer 
195 between the terminal X and ground, so that the 
voltage appearing at the terminal 196 of the pants indi 
cation meter 161 (with respect to ground) is propor 
tional to the horizontal position of the seat slide 20. If 
the value of the seat slide potentiometer 28d' is made 
equal to twice the value of the potentiometers 28c and 
28e, the potential difference read by the pants indica 
tion meter 161 is proportional to the waist slide posi 
tion plus the calf slide position minus twice the seat 
slide position, the result which is desired for the pur 
poses previously discussed. 
As shown in FIG. 8, the left shoulder position poten 

tiometer 124 (also shown in FIG. 6a) is connected in 
series with a fixed resistor 197 and a calibration poten 
tiometer 198 between the terminal X and ground, so 
that the voltage appearing across the terminals of the 
left shoulder indication meter 155 is proportional to 
the vertical position of the sensor platform 116 with re 
spect to the neck slide 14. Similarly, the right shoulder 
position potentiometer 124a is connected in series with 
a fixed resistor 199 and a calibration potentiometer 
200 between the terminal X and ground, so that the 
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voltage appearing across the terminals of the right 
shoulder indication meter 156 is proportional to the 
vertical position of the right shoulder sensor platform 
with respect to the neck slide 14. 
The zero center reading shoulder difference indica 

tion meter 157 is connected in series with a calibration 
potentiometer 201 between the wiper arms of the left 
and right shoulder position potentiometers 24 and 
124a, so that the voltage appearing across the terminals 
of the meter 157 is representative of the magnitude and 
polarity of the difference in height between the left and 
right shoulders. 
The manner in which the inward and outward move 

ment of the slides 14, 16, 18, 20 and 22, and the verti 
cal movement of the sensor platforms of the shoulder 
sensor assemblies 30 and 31 are controlled, is shown in 
FIGS. 9a and 9b of the drawing, in which the wires a 
and a', b and b', c and c'd and d", and e and e' are con 
nected to each other. 
The left shoulder motor 19 (also shown in FIG. 6a) 

and the right shoulder motor 119a are selectively con 
nected to the power supply 165 (see FIG. 8) by means 
of the up control pushbutton 153 and the down control 
pushbutton 154, each pushbutton being of the momen 
tary double pole single throw type. The pushbuttons 
153 and 154 have a pair of common terminals, and are 
wired so that when the pushbutton 154 is depressed, a 
voltage of a given polarity is applied across the termi 
nals of the motors 119 and 119a, and when the push 
button 153 is depressed, a voltage of opposite polarity 
is applied across the terminals of the motors 119 and 
119a. 
The wiring is so arranged that when the pushbutton 

154 is depressed (this pushbutton is shown in its de 
pressed position in FIG. 9), the polarity of the voltage 
applied across the terminals of the shoulder drive as 
sembly motors 119 and 119a is such as to cause down 
ward movement of the corresponding sensor platforms. 
Under this condition, that is when the voltage at the 
terminal 210 is negative with respect to ground, the di 
odes 211 and 212 are forward biased, while the diodes 
213 and 214 are reverse biased, so that current flows 
through the down limit switches 215 and 216 and the 
shoulder sensor switches 128 and 128a. 
As the shoulder sensor platforms move downward to 

engage the shoulders of the person being measured, the 
sensor switches 128 and 128a are actuated, disconnect 
ing the corresponding shoulder drive assembly motors 
119 and 119a from the power supply 165, and halting 
the downward movement of the shoulder sensor plat 
forms. The down limit switches 215 and 216 serve to 
disconnect the motors 119 and 119a from the power 
supply 165, in order to prevent damage to the motors 
or to the power supply, in the event that the sensor plat 
forms reach the lower limits of their travel. 

If desired, the operation of the shoulder sensor as 
semblies 30 and 31 may be automatically initiated by 
replacing the pushbutton switch 154 with a single pole 
double throw relay, the coil of which is connected be 
tween the terminal Y and the normally open contact of 
the neck sensor switch92. With this arrangement, the 
shoulder motors 119 and 119a will be activated when 
the neck slide halts its outward movement upon engag 
ing the neck of the person being measured. 
When the down pushbutton 154 is released and the 

up pushbutton 153 is depressed, the polarity of the 
voltage applied across the terminals of the motors 119 
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and 119a is reversed, so that the motors operate to 
move the corresponding sensor platforms upward. 
Under this condition, diodes 213 and 214 are forward 
biased and diodes 211 and 212 are reverse biased, so 
that the up limit switches 217 and 218 are connected 
in series with the corresponding motors 119 and 119a, 
to disconnect the motors from the power supply 165 
when the corresponding shoulder sensor platforms 
reach the upper limit of their travel. 
In the wiring diagrams of FIGS. 8,9a and 9b, the sym 

bols C, NC and NO refer to common, normally closed 
and normally open switch contacts, respectively. 
The neck, blade, waist, seat and calf slide drive mo 

tors 26a, b, c, d and e, respectively, are arranged to op 
erate sequentially in order to permit use of a relatively 
small power supply 165. Where a sufficiently large 
power supply is provided, these motors may of course 
be operated simultaneously. 
The measuring process is initiated by depressing the 

Measure momentary pushbutton 159, which is of the 
double pole single throw type, to apply a voltage across 
the relay K1 and the neck slide drive motor 26a of such 
polarity as to cause outward movement of the neck 
slide 14. The pushbutton 159 is shown in its depressed 
position in FIG. 9a. 
When the pushbutton 159 is depressed, the relay K1 

is energized, so that the Zener diode 220 is connected 
in series with the resistor 221 between the power sup 
ply terminal Y and ground, to provide a regulated d.c. 
voltage at the terminal 222 for operation of the slide 
drive motors 26a through 26e. Since the Zener diode 
220 is arranged to carry current only when the push 
button 159 is depressed (the pushbuttons 154 and 159 
must be held down until all the motors with which they 
are associated have been disconnected from the power 
supply 165 by operation of the corresponding sensor 
switches), power dissipation and resultant heating of 
the Zener diode 220 is minimized. Depressing the push 
button 159 also applies the voltage at the terminal 222 
to neck slide motor 26a, so that the neck slide 14 
moves outward, the diode 223 being forward biased 
and the diode 224 being reverse biased. 
As the slide 14 moves outward, current flows be 

tween the common and normally closed contacts of the 
out limit switch 225 and the neck sensor switch 92. 
When the neck sense lever of the neck sensor assembly 
15 (of which the sensor switch 92 is a part) engages the 
person being measured, it depresses the actuating pin 
of the sensor switch 92, to open the connection be 
tween the common and normally closed switch con 
tacts and complete the connection between the com 
mon and normally open switch contacts. When this 
happens, the neck slide drive motor 26a is discon 
nected from the power supply 165, and the voltage of 
the terminal 222 is applied to the terminals of the 
shoulder blade slide drive motor 26b, to cause outward 
movement of the shoulder blade slide 16. 
As the shoulder blade slide 16 moves outward, diode 

226 is forward biased and diode 227 is reverse biased, 
so that current flows between the common and nor 
mally closed contacts of the out limit switch 228 and 
the series combination of the shoulder blade sensor 
switches 98 and 99. When the sense lever of the shoul 
der blade sensor assembly 17 engages the person being 
measured, the connection between the common and 
normally closed contacts of at least one of the sensor 
switches 98 and 99 is broken, and the common contact 
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of that switch is connected to the normally open con 
tact thereof, thus disconnecting the shoulder blade 
drive assembly motor 26b from the power supply 165, 
and energizing the relay K2. 
Before the relay K2 is energized, the resistor 229 is 

connected to the power supply 165 through the con 
nection established between the common and normally 
closed contacts of the relay K2. When the relay K2 is 
energized in the manner described above, the resistor 
229 is disconnected from the power supply 165, while 
the coil of the relay K2 is connected to the power sup 
ply. The value of the resistor 229 is preferably chosen 
so that the load presented to the power supply remains 
substantially constant as the relay K2 switches between 
its energized and unenergized state. 
When the relay K2 is energized, the waist slide drive 

motor 26c (FIG.9b) is connected to the power supply 
165 through a path including the common and nor 
mally open contacts of the relay K2, the normally 
closed contacts of the out limit switch 230, and the 
common and normally closed contacts of the waist sen 
sor switch 231 (which is a part of the waist sensor as 
sembly 19), the diode 232 being forward biased and the 
diode 233 being reverse biased. 
The purpose of the relay K2 is to provide a more di 

rect connection between the motors 26c and 26d and 
the power supply, in order to bypass much of the wiring 
associated with the motors 26a and 26b. If this were not 
done, the additional wire placed in series with each 
motor would cause additional voltage drop, so that 
each of the motors 26b, c, d, and e would operate more 
slowly than the previous motor. Since the wires associ 
ated with each of the motors must be flexible and 
formed into loops to permit vertical movement of the 
corresponding shelf and horizontal movement of the 
corresponding slide, small diameter wire must be em 
ployed to provide the requisite flexibility, and substan 
tial voltage drop takes place in the wiring. Relay K3 
serves a similar purpose, as will hereafter be described. 
When the waist slide 18 moves outward so that the 

sense lever of the waist sensor assembly 19 engages the 
person being measured, the waist sensor switch 231 is 
actuated, disconnecting the waist slide drive motor 26c 
from the power supply 165 and applying voltage to the 
terminals of the seat slide drive motor 26d by way of 
the connection provided between the common and 
normally open contacts of the sensor switch 231, the 
out limit switch 230, and the connection between the 
common and normally open contacts of the relay K2. 
As the seat slide drive motor 26d causes the seat slide 

20 to move outward, current flows between the com 
mon and normally closed contacts of the out limit 
switch 234, the common and normally closed contacts 
of the seat sensor switches 235 and 236, and the for 
ward biased diode 237, the diode 238 being reverse bi 
ased. When either of the sense levers of the seat sensor 
assembly 21 engages the person being measured, the 
corresponding seat sensor switch 235 or 236 is actu 
ated, disconnecting the seat slide drive motor 26d from 
the power supply 165 and energizing the relay K3. 

Prior to the relay K3 being energized, current flows 
through the resistor 239 and the connection between 
the common and normally closed contacts of the relay 
K3. When the relay K3 is energized, current flows 
through the coil of the relay and ceases to flow through 
the resistor 239. The value of the resistor 239 is prefer 
ably chosen so that the load presented to the power 
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supply 165 remains substantially constant as the relay 
K3 switches between its energized and unenergized 
States. 

When the relay K3 becomes energized, operating 
voltage is supplied to the calf slide drive motor 26e 
through the connection established between the com 
mon and normally open contacts of the relay K3, the 
common and normally closed contacts of the out limit 
switch 240, the common and normally closed contacts 
of the calf sensor switches 241 and 242, and the for 
ward biased diode 243, the diode 244 being reverse bi 
ased. 

As the calf slide 22 moves outward, and one of the 
calf sense levers of the calf sensor assembly 23 engages 
the person being measured, the corresponding calfsen 
sor switch 241 or 242 is actuated, disconnecting the 
calf slide drive motor 26e from the power supply 165. 
After the movement of the calf slide drive motor 26e 

has stopped, the Measure pushbutton 159 may be re 
leased, and the desired readings taken from the meters 
160 and 161. The pushbutton 158 may then be de 
pressed to sequentially operate each of the slide drive 
motors 26a through 26e so as to retract each of the 
slides 14, 16, 18, 20 and 22. 
When the pushbutton 158 is depressed, the relay K1 

is energized, grounding the Zener diode 220 so as to 
provide a regulated d.c. voltage at the terminal 222. 
Operating voltage, of polarity reversed with respect to 
the polarity used to cause outward movement of the 
slide 14, is applied to the terminals of the neck slide 
drive motor 26a to retract the neck slide 4. Under this 
condition, current flows through the forward biased 
diode 224 and the connection between the common 
and normally closed contacts of the in limit switch 245, 
the diode 223 being reverse biased. 
When the slide 14 has moved to its innermost posi 

tion, the in limit switch 245 is actuated, disconnecting 
the neck slide motor 26a from the power supply and 
applying operating voltage to the shoulder blade slide 
drive motor 26b by way of the forward biased diode 
227, the connection between the common and nor 
mally closed contacts of the in limit switch 246, the for 
ward biased diode 247, and the connection between 
the common and normally open contacts of the in limit 
switch 245. The diode 226 is reverse biased at this time. 
The shoulder blade slide drive motor 26b then oper 

lates to retract the shoulder blade slide 6 to its inner 
most position, at which point the in limit switch 246 is 
actuated, disconnecting the shoulder blade slide drive 
motor 26b from the power supply 165 and energizing 
the relay K2 by way of the forward biased diode 248, 
the connection between the common and normally 
open contacts of the in limit switch 246, the forward 
biased diode 247, and the connection between the 
common and normally open contacts of the in limit 
switch 245. 
When the relay K2 is energized, operating voltage is 

applied to the waist slide drive motor 26c by way of the 
forward biased diode 233, the connection between the 
common and normally closed contacts of the in limit 
switch 249, and the connection between the common 
and normally open contacts of the relay K2. The waist 
slide drive motor 26c operates to retract the waist slide 
18 to its innermost position, thus actuating the in limit 
switch 249, disconnecting the motor 26c from the 
power supply 165, and applying operating voltage to 
the seat slide drive motor 26d by way of the forward bi 
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ased diode 238, the connection between the common 
and normally closed contacts of the in limit switch 250, 
the forward biased diode 251, the connection between 
the common and normally open contacts of the in limit 
switch 249, and the connection between the common 
and normally open contacts of the relay K2. The diode 
237 is reverse biased at this time. 
The seat slide drive motor 26d then operates to re 

tract the seat slide 20 to its innermost position, thus ac 
tuating the in limit switch 250, disconnecting the motor 
26d from the power supply 165, and energizing the 
relay K3 by way of the path established through the for 
ward biased diode 252, the connection between the 
common and normally open contacts of the in limit 
switch 250, the forward biased diode 251, the connec 
tion between the common and normally open contacts 
of the in limit switch 249, and the connection between 
the common and normally open contacts of the relay 
K2. 
When the relay K3 is energized, operating potential 

is applied to the calf slide drive motor 26e by way of the 
forward biased diode 244, the connection between the 
common and normally closed contacts of the in limit 
switch 253, and the connection between the common 
and normally open contacts of the relay K3. 
When the calf slide drive motor 26e has operated to 

retract the slide 22 to its innermost position, the in limit 
switch 253 is actuated, disconnecting the calf slide 
drive motor 26e from the power supply 165. 
Small capacitors (not numbered) are placed across 

the terminals of the motors 119, 119a, 26a through 
26e, and the relays K1, K2 and K3 to protect the vari 
ous switch contacts against arcing due to high voltage 
transients which would otherwise be generated upon 
disconnecting the power supply from these motors and 
relays. 
Rather than employing potentiometers to convert the 

horizontal position of each of the slides 14, 16, 18, 20 
and 22 and the vertical position of the sensor platforms 
of the shoulder sensor assemblies 30 and 31 to electri 
cal signals, digital techniques may be employed to de 
termine, process and display the information corre 
sponding to the horizontal and vertical positions of the 
shoulder height, neck, shoulder blade, waist, seat and 
calf measuring elements. Such an arrangement is 
shown in FIGS. 10a and 10b of the drawing. 

In the digital arrangement of FIGS. 10a and 10b, 
instead of the potentiometers 28a, b, c, d and e, 124 and 
124a, pulse generating devices 260 through 266 are 
employed to provide electrical signals indicative of the 
horizontal positions of the slides 14, 16, 18, 20 and 22, 
and the vertical positions of the sensor platforms 116 
and 116a. Each pulse generating device comprises a ro 
tating cam having at least one protuberance thereon, 
the cam being coupled for rotation in synchronism with 
the horizontal outward movement of the corresponding 
slide, and a switch having an actuating pin situated ad 
jacent the cam, so that the protuberance or protuber 
ances on the cam recurrently depresses the actuating 
pin of the switch as the cam rotates. 
A source of d.c. voltage is applied to the switch, so 

that as the switch contacts open and close in response 
to rotation of the corresponding cam (and in synchro 
nism with the horizontal outward movement of the cor 
responding slide or sensor platform, one or more pulses 
(determined by the number of protuberances on the 
cam) is generated for each increment (determined by 
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the gear ratio of the coupling between the cam and the 
corresponding slide or sensor platform) of horizontal 
or vertical movement of the corresponding slide or sen 
sor platform. 

Instead of a rotating cam coupled to a switch, the 
pulse generating devices 260 through 266 may alterna 
tively comprise any other of the many pulse generating 
means known in the art. For example, a wheel of mag 
netic material having a notch or other discontinuity 
therein may be situated adjacent an inductive pickup 
coil, the wheel being coupled for rotation in synchro 
nism with the horizontal outward movement of the cor 
responding slide, so that at least one voltage pulse is in 
duced in the pickup coil corresponding to each incre 
ment of movement of the corresponding slide. Alterna 
tively, an optical wheel having a transparent and and 
opaque portion may be substituted for the wheel of 
magnetic material, with a light source positioned on 
one side of the optical wheel and a photodetector posi 
tioned on the other side of the optical wheel. As the op 
tical wheel rotates, corresponding pulses are generated 
at the output of the photodetector. Alternatively, a cam 
may be substituted for the wheel of magnetic material, 
a piezoelectric crystal being positioned for recurrent 
actuation as the can rotates, the crystal being actuated 
by pressure contact with a protuberance on the cam, so 
that when actuated, the crystal generates a voltage pulse. 
By digitally counting the number of pulses generated 

by each pulse generating device, a digital indication of 
the horizontal or vertical position of the corresponding 
slide or sensor platform may be obtained. This digital 
indication may be displayed by suitable digital display 
means or may be further processed, as will hereafter be 
described. 
The neck slide position pulse generating device 260 

comprises a cam 267 having a single protuberance 268 
thereon, the cam 267 being mechanically coupled 
(preferably by means of gears) to the gear rack 25a of 
the neck slide 14, so that the can 267 rotates in syn 
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chronism with the horizontal outward movement of the 
neck slide 14. 
A sensitive switch 269 having an actuating pin 270 is 

situated adjacent the cam 267, so that as the cam 267 
rotates in synchronism with the outward movement of 
the slide 14, the protuberance 268 periodically de 
presses the actuating pin 270 to momentarily actuate 
the switch 269. 
The switch 269 is electrically connected to a source 

of energizing voltage (not shown) by way of the termi 
nal 271, so that as the cam 267 rotates, a voltage pulse 
appears on the line 272 whenever the protuberance 
268 momentarily depresses the actuating pin 270 of the 
sensitive switch 269. For simplicity, ground connec 
tions and power supply connections for the various cir 
cuit elements of FIGS. 10a and 10b are not shown in 
the drawing. 
The voltage pulses appearing on the line 272 are ap 

plied to a monostable multivibrator 273, which gener 
ates a single pulse of predetermined width (preferably 
on the order of 1 millisecond) in response to the pulse 
which appears on the line 272 when the contacts of the 
Switch 269 are momentarily closed due to depression 
of the actuating pin 270 by the protuberance 268 of the 
cam 267. The purpose of the monostable multivibrator 
273 is to eliminate spurious pulses which might other 
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wise be generated as a result of contact bounce within 
the switch 269. 
The pulses which appear on the output line 274 of 

the monostable multivibrator 273 are applied to the 
input of a digital counter 275, so that the signal appear 
ing at the output 276 (the signal may actually appear 
on a number of wires, since the output is preferably ob 
tained in parallel digital form) is representative of the 
horizontal position of the slide 14. 
Before the slide 14 is caused to move horizontally 

outward by depressing the Measure pushbutton 159 
(see FIG. 7), the digital counter 275 is reset to zero by 
depressing a Reset pushbutton (not shown), to apply a 
reset pulse to the reset input 277 of the digital counter 
275. The same Reset pushbutton applies a pulse to the 
reset terminals 278, 279, 280, 281 and 282 of the 
blade, seat, waist, calf, left shoulder and right shoulder 
digital counters 283, 284, 285, 286 and 287, respec tively. 
Preferably, the various pulse generating devices 260 

through 266 are arranged so that one pulse is generated 
for each one-eighth inch of horizontal or vertical move 
ment of the corresponding slide or sensor platform, in 
order to provide sufficient measurement accuracy to 
properly manufacture or alter a garment to fit the per 
son being measured. 
A digital signal indicative of the horizontal position 

of the blade slide 16 is provided at the output 288 of 
the blade slide position digital counter 283, by means 
of a cam 289 having a protuberance 290 thereon, a sen 
sitive switch 291 having an actuating pin 292 adapted 
to be momentarily depressed by the protuberance 290 
as the cam 289 rotates in synchronism with the hori 
zontal movement of the slide 16, and a monostable 
multivibrator 293. The various elements 289 through 
293 operate in substantially the same manner as the 
corresponding elements 267, 268, 269, 270 and 273, 
respectively. The digital signal appearing at the digital 
counter output terminal 288, which represents the hor 
izontal position of the blade slide 16, is passed through 
a scaler 294, which provides a digital signal at its output 
295 which is proportional to twice the blade slide posi 
tion. Where the digital signal present at the terminal 
288 is in binary form, the scaler 294 may provide a digi 
tal signal at the terminal 295 which is double the input 
applied to the scaler, merely by shifting the binary sig 
nal appearing at the terminal 288, by one bit. 
Input pulses representative of incremental changes in 

the horizontal position of the seat slide 20 are also ap 
plied to the input of the digital counter 275 on the line 
296, these pulses being generated by means of a cam 
297 having a protuberance 298 thereon, the cam being 
coupled to the seat slide 20, a sensitive switch 299 hav 
ing an actuating pin 300 adapted to be momentarily de 
pressed by the protuberance 298, and a monostable 
multivibrator 301. 
Since the pulses applied to the input of the digital 

counter 275 on the lines 274 and 296 correspond to in 
crements in the neck and seat slide positions respec 
tively, the digital signal appearing at the output termi 
nal 276 of the digital counter 275 is proportional to the 
sum of the neck and seat slide positions. The various 
slides 14, 16, 18, 20 and 22 are preferably operated se 
quentially (rather than simultaneously) in the digital 
embodiment of the invention shown in FIG. 10, so as 
to preclude the possibility that the pulses appearing on 
the lines 274 and 296 (for example) may overlap; such 
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overlapping would introduce an error into the digital 
signal appearing at the terminal 276. 
The digital signals appearing at the terminals 276 and 

295 are applied to the inputs of the digital subtracter 
302, so that the digital signal which appears at the out 
put 303 of the digital subtractor 302 corresponds to the 
neck slide position plus the seat slide position minus 
twice the blade slide position, the desired result for the 
coat indication, as previously discussed. 
The coat indication digital signal appearing on the 

line 303 is applied to a binary-to-decimal converter 304 
(used where binary digital signals have been employed 
in the counters 275 and 283, the scaler 294, and the 
digital subtractor 302), the digital signal appearing at 
the output 305 of the converter 304 being in decimal form. 

The coat indication digital signal appearing on the 
line 305 is applied to a decimal digital readout display 
306, to provide a visual readout of the coat indication 
signal. Preferably, the decimal digital readout 306 may 
take the form of a number of gas discharge display de 
vices, such as the tubes sold by the Burroughs Corpora 
tion under the trade mark Nixie. 

In similar fashion, a visual display of the pants indica 
tion is provided by the decimal digital readout 307. 
Pulses corresponding to increments in the seat slide po 
sition appearing on the line 286 are applied to the input 
of the digital counter 284, so that the digital signal ap 
pearing at the output 308 of the counter 284 is propor 
tional to the seat slide position. This signal is passed 
through a scaler 309, which is arranged so that the out 
put of the scaler appearing on the line 310 is propor 
tional to twice the seat slide position. 
Pulses corresponding to increments in the waist slide 

position are applied to the input of the digital counter 
285 on the line 311. These pulses are provided by 
means of a cam 312 having a protuberance 313 
thereon, the cam 312 being coupled for rotation in syn 
chronism with the horizontal movement of the waist 
slide 18, a sensitive switch 314 having an actuating pin 
315 adapted to be momentarily depressed by the protu 
berance 313 of the cam 312, and a monostable multivi 
brator 316. 
Pulses corresponding to increments in the movement 

of the calf slide 22 are supplied to the input of the digi 
tal counter 285 on the line 317. These pulses are gener 
ated by a cam 318 (FIG. 10b) having a protuberance 
319 thereon, the cam 318 being coupled for rotation in 
synchronism with the horizontal outward movement of 
the calf slide 22, a sensitive switch 320 having an actu 
ating pin 321 adapted to be momentarily depressed by 
the protuberance 319 of the cam 318, and a monosta 
ble multivibrator 322. 
The output appearing at the terminal 323 of the digi 

tal counter 285 is thus proportional to the sum of the 
waist and calf slide positions. 
The digital signals appearing on the lines 310 and 323 

are applied to the inputs of a digital subtractor 324, so 
that the output of the subtracter 324 appearing on the 
line 325 corresponds to the waist slide position plus the 
calf slide position minus twice the seat slide position, 
the desired result for the pants indication, as previously 
described. 
The pants indication digital signal appearing on the 

line 325 is applied to a binary-to-decimal converter 
326, the output of the converter, appearing on the line 
327, being applied to the digital readout 307 to provide 
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a visual representation of the pants indication informa 
tion. 

Pulses corresponding to increments in the vertical 
downward movement of the left shoulder sensor plat 
form 216 are applied to the input of the digital counter 
286 on the line 330, so that the output of the digital 
counter 286 appearing on the line 331 is proportional 
to the position of the sensor platform 116 with respect 
to the neck slide 4. 
The pulses appearing on the line 330 are provided by 

means of a cam 332 having a protuberance 333 
thereon, the cam 332 being coupled for rotation in syn 
chronism with the vertical downward movement of the 
sensor platform 116, a sensitive switch 334 having an 
actuating pin 335 adapted to be momentarily depressed 
by the protuberance 333 of the cam 332, and a mono 
stable multivibrator 335. 
The left shoulder height digital signal appearing on 

the line 331 is applied to a binary-to-decimal converter 
336, the converter output, appearing on the line 337, 
being applied to a digital readout 338, which provides 
a visual representation of the left shoulder height infor 
mation. 

Pulses corresponding to incremental movements of 
the right shoulder sensor platform 116a are applied to 
the input of the digital counter 287 on the line 339. 
These pulses are provided by means of a cam 340 hav 
ing a protuberance 341 thereon, the cam 340 being 
coupled for rotation in synchronism with the downward 
vertical movement of the shoulder sensor platform 
116a, the sensitive switch 342 having an actuating pin 
343 adapted to be momentarily depressed by the protu 
berance 341 of the cam 340, and the monostable multi 
vibrator 344. 
Under these conditions, the output of the digital 

counter 387 which appears on the line 345, represents 
the height of the right shoulder sensor platform 116a 
(and consequently the height of the corresponding 
shoulder sense arm) with respect to the neck slide 14. 
The right shoulder height digital signal on the line 

345 is applied to a binary-to-decimal converter 346, so 
that a decimal digital signal corresponding to the right 
shoulder height appears on the line 347. This decimal 
digital signal is applied to the digital readout 348, 
which provides a visual indication of the information 
representing the right shoulder height. 
The digital information on the lines 331 and 335, 

representing the left and right shoulder height, is ap 
plied to the inputs of a digital subtractor 349, so that 
the output of the subtracter, which appears on the line 
350, represents the magnitude and polarity of the dif 
ference in height between the left and right shoulders. 
This height difference is applied to the binary-to 
decimal converter 351, the output of which appears on 
the line 352. The signal on the line 352 is applied to a 
digital readout 353, which provides a visual display of 
the shoulder height difference information. 
Instead of the scaler 294 (FIG. 10a), a digital signal 

may be provided on the line 295 which corresponds to 
twice the position of the shoulder blade slide 16, by 
providing another protuberance, in addition to the pro 
tuberance 290, on the cam 289, so that the pulse gener 
ating device 261 produces two pulses for each rotation 
of the cam 289, that is for each incremental movement 
of the slide 16. The same result may be achieved by 
properly selecting the gear ratio between the cam 289 
and the slide 16, by properly scaling the digital counter 
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283 to count at twice the rate of the digital counter 
275, or by providing an additional circuit between the 
monostable multivibrator 293 and the input-to-digital 
counter 283, this additional circuit serving to generate 
two output pulses for each input pulse received by it. 

Similarly, the function of the scaler 309 may alterna 
tively be performed by appropriately scaling the digital 
counter 284, by providing an additional circuit be 
tween the monostable multivibrator 301 and the input 
to-digital counter 284 (such that the additional circuit 
provides two output pulses for each input pulse re 
ceived by it), or by providing an additional pulse gener 
ating device, similar to the pulse generating device 262 
but having two protuberances on the cam, so as to pro 
vide two pulses for each incremental movement of the 
seat slide 20. In this case a separate pulse generating 
device would be required, since the seat position pulse 
train supplied to the input of the digital counter 275 
must provide one pulse for each incremental move 
ment of the slide 20, while the seat position pulse train 
applied to the input of the digital counter 284 must pro 
vide two pulses for each such incremental movement. 
Instead of the digital counters 275 and 283, and the 

subtractor 302, the pulses from the multivibrators 273, 
293 and 301 may be combined to yield a digital signal 
proportional to the neck slide position plus the seat 
slide position minus twice the shoulder blade slide posi 
tion, by means of a bidirectional or "up-down' digital 
counter 360, as shown in FIG. 11. The outputs of the 
multivibrators 273 and 301 are coupled to the UP 
count input terminal of the bidirectional counter 360, 
while the output of the multivibrator 293 is coupled to 
the DOWN count input terminal of the counter 360. 
The multivibrator 293 is coupled to the DOWN count 
input terminal in such a manner that the counter 360 
counts down two units for each pulse from the multivi 
brator 293, while counter 360 counts up only one unit 
for each pulse received from the multivibrators 273 
and 301. Since the slides 14, 16 and 20 are operated se 
quentially, no possibility of overlap among the pulses 
generated by the multivibrators 273, 293 and 301 is 
present. After the neck, shoulder blade and seat slide 
4, 16 and 20 have halted their outward movement, the 

contents of the bidirectional counter 360 correspond to 
the desired composite indication, i.e., the neck slide 
position plus the seat slide position minus twice the 
shoulder blade slide position. Thus the counter 360 
performs the functions of the counters 275 and 283 and 
the subtracter 302. If the counter 360 is a bidirectional 
ring counter, the binary-to-decimal converter 304 may 
be eliminated. 

Similarly, a suitable bidirectional digital counter may 
be substituted for the counters 284 and 285, and the 
subtracter 324. 
We claim: 
1. Measuring apparatus for use in the making or al 

teration of garments, comprising: 
a vertical member; 
a plurality of supports mounted for vertical move 
ment on said member; 

a corresponding plurality of substantially parallel 
elongated elements, each element being mounted 
for horizontal in-and-out movement on a corre 
sponding one of said supports; 

sensing means on each element adjacent the outward 
end thereof for detecting the presence of a person 

24 
at said outward end, the sensing means on one of 
said elements including a neck sensor; 

element drive means fo causing each element to 
move outward in response to a first control signal, 

5 said drive means ceasing to cause said outward 
movement in response to a second control signal; 

means coupled to the sensing means on each element 
for applying said second control signal to said ele 
ment drive means so that said drive means ceases 

10 to cause outward movement of the corresponding 
element when said sensing means detects the pres 
ence of said person; 

at least one laterally movable shoulder sensing as 
sembly secured to the support associated with the 

15 element on which said neck sensor is mounted, said 
shoulder sensing assembly comprising a rotatable 
vertically oriented drive screw; 

a platform mounted on the drive screw, so that said 
platform moves downward when said screw rotates 

20 in a given direction; 
a screw drive motor for rotating said screw in said 
given direction; 

a horizontal sensing arm pivotally mounted on said 
25 platform for rotation in a vertical plane, said arm 

pivoting upon encountering said person during the 
downward movement of said platform; and 

a switch responsive to the pivoting of said sensing 
arm and coupled to said screw drive motor to stop 

30 the rotation of said screw when the arm mounted 
on said downwardly moving platform encounters a 
shoulder of said person. 

2. Measuring apparatus for use in the making or al 
teration of garments, comprising: 

35 a vertical gear rack; 
neck, shoulder blade, waist, seat and calf vertical 

drive assemblies mounted in the order mentioned 
for vertical movement on said rack, each of said as 
semblies comprising a housing secured to said gear 

40 rack, an electric motor having a drive shaft 
mounted on said housing, and a drive gear means 
coupling said drive shaft to said gear rack, so that 
rotation of said drive shaft when said electric motor 
is energized results in vertical movement of said as 

45 sembly along said gear rack; 
a horizontal neck slide assembly support shelf se 
cured to said neck vertical drive assembly, a neck 
slide drive assembly mounted on said neck slide as 
sembly support shelf and cooperating therewith to 

50 form a guide aperture therebetween, and an elon 
gated neck slide assembly disposed between said 
neck slide assembly support shelf and said neck 
slide drive assembly, said neck slide assembly ex 
tending through said aperture and being disposed 
for horizontal movement on said neck slide assem 
bly support shelf, 

said neck slide assembly having a longitudinal gear 
rack secured thereto and a longitudinal wire 
receiving recess; 

said neck slide drive assembly comprising a housing 
secured to said neck slide assembly support shelf, 
a neck slide drive electric motor having a drive 
shaft mounted on said housing, and a drive gear 
means coupling said drive shaft to said neck slide 
assembly gear rack, so that rotation of said drive 
shaft when said neck slide drive motor is energized 
results in horizontal movement of said neck slide 
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assembly along said neck slide assembly support 
shelf; 

a neck sensor assembly secured to one end of said 
neck slide assembly, said neck sensor assembly 
comprising a neck sensor housing, a neck sensing 
lever pivotally mounted on said housing, said neck 
sensing lever pivoting upon engaging a person dur 
ing horizontal movement of said one end of said 
neck slide assembly in a given direction away from 
said neck slide assembly support shelf, a neck sen 
sor switch disposed within said housing and respon 
sive to the pivoting of said sensing lever, at least 
one neck sensor electric wire disposed in said lon 
gitudinal recess and connected to said neck sensor 
switch; 

means for energizing said neck slide drive motor to 
cause said neck slide assembly to move in said 
given direction; 

means coupled to said neck sensor electric wire to 
stop the movement of said neck slide assembly in 
said given direction by de-energizing said electric 
motor when said neck sensing lever engages said 
person; and 

neck sensor position indicating means connected to 
said neck slide assembly support shelf and coupled 
to said neck slide assembly gear rack for providing 
an electrical signal indicative of the position of said 
neck sensing lever with respect to said neck slide 
assembly support shelf; 

a horizontal shoulder blade slide assembly support 
shelf secured to said shoulder blade vertical drive 
assembly, a shoulder blade slide drive assembly 
mounted on said shoulderblade slide assembly sup 
port shelf and cooperating therewith to form a sec 
ond guide aperture therebetween, and an elon 
gated shoulder blade slide assembly disposed be 
tween said shoulder blade slide assembly support 
shelf and said shoulder blade slide drive assembly, 
said shoulder blade slide assembly extending 
through said second guide aperture and being dis 
posed for horizontal movement on said shoulder 
blade slide assembly support shelf; 

said shoulder blade slide assembly having a longitudi 
nal gear rack secured thereto and a longitudinal 
wire-receiving recess; 

said shoulder blade slide drive assembly comprising 
a housing secured to said shoulder blade slide as 
sembly support shelf, a shoulder blade slide drive 
electric motor having a drive shaft mounted on said 
housing, and a drive gear means coupling said drive 
shaft to said shoulder blade slide assembly gear 
rack, so that rotation of said drive shaft when said 
shoulder blade slide drive motor is energized re 
sults in horizontal movement of said shoulder blade 
slide assembly along said shoulder blade slide as 
sembly support shelf; 

a shoulder blade sensor assembly secured to one end 
of said shoulder blade slide assembly, said shoulder 
blade sensor assembly comprising a shoulder blade 
sensor housing structure, a pair of laterally spaced 
shoulder blade sensing levers pivotally mounted on 
said housing structure, each of said shoulder blade 
sensing levers pivoting upon engaging said person 
during horizontal movement of said one end of said 
shoulder blade slide assembly in said given direc 
tion away from said shoulder blade slide assembly 
support shelf, at least one shoulder blade sensor 
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switch disposed within said housing structure and 
responsive to the pivoting of at least one of said 
shoulder blade sensing levers, at least one shoulder 
blade sensor electric wire disposed in said longitu 
dinal recess and connected to said shCoulder blade 
sensor switch; 

means for energizing said shoulder blade slide drive 
motor to cause said shoulder blade slide assembly 
to move in said given direction; 

means coupled to said shoulder blade sensor electric 
wire to stop the movement of said shoulder blade 
slide assembly in said given direction by de 
energizing said shoulder blade slide drive motor 
when said at least one shoulder blade sensing lever 
engages said person; and 

shoulder blade sensor position indicating means con 
nected to said shoulder blade slide assembly sup 
port shelf and coupled to said shoulder blade slide 
assembly gear rack for providing an electrical sig 
nal indicative of the position of said shoulder blade 
sensing levers with respect to said shoulder blade 
slide assembly support shelf; 

a horizontal waist slide assembly support shelf se 
cured to said waist vertical drive assembly, a waist 
slide drive assembly mounted on said waist slide as 
sembly support shelf and cooperating therewith to 
form a third guide aperture therebetween, and an 
elongated waist slide assembly disposed between 
said waist slide assembly support shelf and said 
waist slide drive assembly, said waist slide assembly 
extending through said third guide aperture and 
being disposed for horizontal movement on said 
waist slide assembly support shelf; 

said waist slide assembly having a longitudinal gear 
rack secured thereto and a longitudinal wire 
receiving recess; 

said waist slide drive assembly comprising a housing 
secured to said waist slide assembly support shelf, 
a waist slide drive electric motor having a drive 
shaft mounted on said housing, and a drive gear 
means coupling said drive shaft to said waist slide 
assembly gear rack, so that rotation of said drive 
shaft when said waist slide drive motor is energized 
results in horizontal movement of said waist slide 
assembly along said waist slide assembly support 
shelf, 

a waist sensor assembly secured to one end of said 
waist slide assembly, said waist sensor assembly 
comprising a waist sensor housing, a waist sensing 
lever pivotally mounted on said waist sensor hous 
ing, said waist sensing lever pivoting upon engaging 
said person during horizontal movement of said 
one end of said waist slide assembly in said given 
direction away from said waist slide assembly sup 
port shelf, a waist sensor switch disposed within 
said housing and responsive to the pivoting of said 
waist sensing lever, at least one waist sensor elec 
tric wire disposed in said longitudinal recess and 
connected to said waist sensor switch; 

means for energizing said waist slide drive motor to 
cause said waist slide assembly to move in said 
given direction; 

means coupled to said waist sensor electric wire to 
stop the movement of said waist slide assembly in 
said given direction by de-energizing said waist 
slide drive motor when said waist sensing lever en 
gages said person; and 
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waist sensor position indicating means connected to 
said waist slide assembly support shelf and coupled 
to said waist slide assembly gear rack for providing 
an electrical signal indicative of the position of said 
waist sensing lever with respect to said waist slide 
assembly support shelf, 

a horizontal seat slide assembly support shelf secured 
to said seat vertical drive assembly, a seat slide 
drive assembly mounted on said seat slide assembly 
support shelf and cooperating therewith to form a 
fourth guide aperture therebetween, and an elon 
gated seat slide assembly disposed between said 
seat slide assembly support shelf and said seat slide 
drive assembly, said seat slide assembly extending 
through said fourth guide aperture and being dis 
posed for horizontal movement on said seat slide 
assembly support shelf; 

said seat slide assembly having a longitudinal gear 
rack secured thereto and a longitudinal wire 
receiving recess; 

said seat slide drive assembly comprising a housing 
secured to said seat slide assembly support shelf, a 
seat slide drive electric motor having a drive shaft 
mounted on said housing, and a drive gear means 
coupling said drive shaft to said seat slide assembly 
gear rack, so that rotation of said drive shaft when 
said seat slide drive motor is energized results in 
horizontal movement of said seat slide assembly 
along said seat slide assembly support shelf; 

a seat sensor assembly secured to one end of said seat 
slide assembly, said seat sensor assembly compris 
ing a seat sensor housing structure, a pair of later 
ally spaced seat sensing levers pivotally mounted 
on said seat sensor housing structure, each of said 
seat sensing levers pivoting upon engaging said per 
son during horizontal movement of said one end of 
said seat slide assembly in said given direction away 
from said seat slide assembly support shelf, at least 
one seat sensor switch disposed within said seat 
sensor housing structure and responsive to the piv 
oting of at least one of said seat sensing levers, at 
least one seat sensor electric wire disposed in said 
longitudinal recess and connected to said seat sen 
sor switch; 

means for energizing said seat slide drive motor to 
cause said seat slide assembly to move in said given 
direction; 

means coupled to said seat sensor electric wire to 
stop the movement of said seat slide assembly in 
said given direction by de-energizing said seat slide 
drive motor when said at least one seat sensing 
lever engages said person; and 

seat sensor position indicating means connected to 
said seat slide assembly support shelf and coupled 
to said seat slide assembly gear rack for providing 
an electrical signal indicative of the position of said 
seat sensing levers with respect to said seat slide as 
sembly support shelf; and 

a horizontal calf slide assembly support shelf secured 
to said calf vertical drive assembly, a calf slide 
drive assembly mounted on said calf slide assembly 
support shelf and cooperating therewith to form a 
fifth guide aperture therebetween, and an elon 
gated calf slide assembly disposed between said 
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calf slide assembly support shelf and said calf slide 
drive assembly, said calf slide assembly extending 
through said fifth guide aperture and being dis 
posed for horizontal movement on said calf slide 
assembly support shelf; 

said calf slide assembly having a longitudinal gear 
rack secured thereto and a longitudinal wire 
receiving recess; 

said calf slide drive assembly comprising a housing 
secured to said calf slide assembly support shelf, a 
calf slide drive electric motor having a drive shaft 
mounted on said housing, and a drive gear means 
coupling said drive shaft to said calf slide assembly 
gear rack, so that rotation of said drive shaft when 
said calf slide drive motor is energized results in 
horizontal movement of said calf slide assembly 
along said calf slide assembly along said calf slide 
assembly support shelf; 

a calf sensor assembly secured to one end of said calf 
slide assembly, said calf sensor assembly compris 
ing a calf sensor housing structure, a pair of later 
ally spaced calfsensing levers pivotally mounted on 
said housing structure, each of said calf sensingle 
vers pivoting upon engaging said person during 
horizontal movement of said one end of said calf 
slide assembly in said given direction away from 
said calf slide assembly support shelf, at least one 
calf sensor switch disposed within said calf sensor 
housing structure and responsive to the pivoting of 
at least one of said calf sensing levers, at least one 
calf sensor electric wire disposed in said longitudi 
nal recess and connected to said calf sensor switch; 

means for energizing said calf slide drive motor to 
cause said calf slide drive assembly to move in said 
given direction; 

means coupled to said calf sensor electric wire to 
stop the movement of said calf slide assembly in 
said given direction by deenergizing said calf slide 
drive motor when said at least one calf sensing 
lever engages said person; and 

calf sensor position indicating means connected to 
said calf slide assembly support shelf and coupled 
to said calf slide assembly gear rack for providing 
an electrical signal indicative of the position of said 
calf sensing levers with respect to said calf slide as 
sembly support shelf. 

3. Apparatus according to claim 2, wherein each of 
said position indicating means comprises: 
pulse generating means responsive to horizontal 
movement of the corresponding slide assembly, 
said pulse generating means providing at least one 
pulse corresponding to a given increment of move 
ment of said corresponding slide assembly; and 

means for counting said pulses to provide an output 
signal indicative of the total number of said incre 
ments traversed by said corresponding slide assem 
bly. 

4. Apparatus according to claim 3, wherein said pulse 
generating means comprises a cam coupled for rotation 
with the movement of said corresponding slide assem 
bly, a pulsing switch positioned for recurrent actuation 
by rotation of said cam and a digital counting circuit 
coupled to said pulsing switch. 
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