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57 ABSTRACT 

This invention is a machine enabling a golfer to prac 
tice golf strokes, striking a real golf ball against a net. 
Light reflected from the ball during flights is detected 
by directional detectors arranged in vertically and hori 
zontally arranged banks, and a computer displays range 
achieved, lateral deviation, height deviation, lateral de 
viation due to spin, new distance to hole, and so on. 
The first bank of detectors gives information about the 
left-right position of the ball. The second bank of de 
tectors gives information about the start-height of the 
ball and initiates a timing cycle for determining ball ve 
locity. The third bank of detectors terminates the tim 
ing cycle. For detecting spin, the golf ball may be pro 
vided with a super-reflective semi-circular strip which 
is arranged to extend from top to bottom facing away 
from the club face. The energization of the detectors 
is controlled by a sensor which normally receives light 
radiation but is cut off from the radiation when the ball 
is on the tee prior to being struck. The machine also in 
cludes a club selector unit and a distance of hole selec 
to. 

14 Claims, 4 Drawing Figures 
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APPARATUSFOR SIMULATING THE PLAYING OF 
GOLF STROKES 

This invention relates to measuring apparatus, for ex 
ample apparatus for simulating the playing of golf 
strokes and measuring the result of a stroke. 
According to one aspect of the present invention, ap 

paratus for simulating the playing of golf strokes com 
prises a bank of directional devices sensitive to radia 
tion reflected from a golf ball in flight, the respective 
devices being sensitive to radiation received from dif 
ferent directions, the particular device or devices 
which receive radiation giving information about the 
position and/or status of the ball and hence about its 
flight path. 
There may be means for illuminating an area through 

which the ball will pass to give the necessary intensity 
for illumination after reflection to energise the direc 
tional devices which may be opto-electronic devices. 
One device or bank of devices may be a start device 

and another device or bank may be a stop device, and 
if each responds to passage of the ball through a differ 
ent one of two parallel planes, the time interval be 
tween signals generated by the start and stop devices 
will be inversely related to the speed and hence the 
range. 
Also banks of devices responsive to radiation re 

ceived from different directions respectively in a hori 
Zontal and a vertical plane can give information about 
the direction of the flight path horizontally and verti 
cally and whether the actual flight path is at an angle 
to the optimum flight path. 
The apparatus may include computing equipment for 

giving such information as range, angle of flight, lateral 
deviation and so on. The ball, when placed on a tee can 
be arranged to cut-off light from an 'arm' sensor, so 
that when the ball is driven from the tee, the sensor be 
comes energised and sets the computer equipment and 
directional devices. 
The apparatus has the advantage that the ball is not 

captive but can be a free ball struck by a normal club 
against a net a few feet away after it has passed the di 
rectional device and this means the equipment can be 
used in any room where there is sufficient space to 
swing a club and this gives much more satisfaction to 
golfers practising. 

In one form of the invention the directional devices, 
illuminating means and display devices for the com 
puted information are included in a single console 
mounted on a low platform on which the ball is placed 
and on which the user can stand. 
An aspect of the invention is a speed or range mea 

suring system which can overcome the disadvantage 
that the time interval between the ball passing first and 
second parallel vertical planes is smaller for faster 
speeds and so cannot easily be used with conventional 
display equipment for displaying range which will, of 
course, increase with velocity. 
According to this aspect of the invention a time inter 

val is established starting and ending when an object is 
at two positions in a path of movement, a signal level 
which decays with time is produced over a time period 
corresponding to the time interval to establish a mea 
sured level at the end of the time period which level can 
be used as a measure of velocity and range. A signal 
level which increases linearly with tine can be pro 
duced for a measured time until the increasing signal 

10 

15 

25 

35 

40 

45 

55 

2 
level reaches the measured level. The measured time 
will also be a measure of velocity and range, 
The decaying signal level could be an exponential 

function or a series of linear function of different slopes 
and can start to decay at the beginning of the time in 
terval, the value when the object is at the second posi 
tion being the measured one. The linearly increasing 
signal can be arranged not to start until the end of the 
time interval. This will then give a linearly increasing 
time for increasing speeds or ranges of the object and 
this time could possibly be used as the time over which 
a gate is opened to feed pulses at a known frequency 
to a counter and display. 
Another aspect of the invention is in the manner of 

computing a function of a flight path of an object from 
a signal console and according to this aspect of the in 
vention a flight measurer comprises directional, radia 
tion-sensitive devices responsive to radiation reflected 
from an object as it passes respective positions, means 
for providing radiation at the positions for such reflec 
tion and a computer of the flight path, velocity, and/or 
consequent range of the object. 

It will be appreciated that the measurer does not re 
quire lamps and opto-electronic devices on opposite 
sides of the flight path and does not rely on the inter 
ruption of a beam of light or other radiation but by pro 
viding the illumination over a certain area and making 
the detectors directionally sensitive, it can use light or 
radiation reflected from the object as it passes and this 
makes for great simplicity in construction and indeed 
enables all the electrical equipment to be in a single 
console. 

Preferably there are sensitive devices arranged to de 
tect the article as it passes through different parallel 
planes and to detect the direction in each plane of the 
object from the detector. In this way vertical and hori 
zontal deviation signals can be obtained as well as ve 
locity signals dependent on the time to travel from one 
plane to the next. 

It was suggested above that it is desirable to generate 
a decaying signal over a predetermined time interval 
and a further aspect of the invention is concerned with 
not losing the accuracy of computation even if the time 
interval is such that the time signal will have decayed 
to a low value. 
According to this aspect of the invention a device re 

sponsive to signal level includes means defining a refer 
ence signal level and means responsive to the signal 
level being beyond the reference level to adjust the sig 
nal level automatically, for example by switching in an 
amplifier to modify the signal by a precisely determined 
factor. 
Amplifiers are available with high known gain and 

stability which are ideal for this purpose. 
The device might be a meter for measuring the signal 

level or a comparator for comparing it with a reference 
level and then the reference level would be similarly 
adjusted automatically when the signal level was ad 
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The invention may be carried into practice in various 
ways and one embodiment will now be described by 
way of example with reference to the accompanying 
drawings, of which: 
FIG. 1 is a sketch showing a golfer using the simulat 

ing equipment to practice a stroke; 
FIGS. 2A and 2B is a block diagram of the electrical 

circuits, and 
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FIG. 3 is a drawing of the display unit. 
The simulating apparatus comprises a platform 11 on 

which the player 12 can stand to strike a golf ball 13 to 
hit it into a net 14, perhaps three or four feet from the 
edge of the platform. 
A console 15 mounted on the platform has electrical 

components for computing the effect that the stroke 
would have had if played on a golf course and displays 
pictorially or numerically at 16 information about the 
range achieved, distance to left or right, height devia 
tion from the optimum and so on. For example, if the 
player was simulating a drive towards a hole 560 yards 
distant and it was computed that the stroke he actually 
played achieved a range of 120 yards, but with a pull 
of 14 yards to the left, the computer would also com 
pute vectorially the new distance from the lie to the 
hole and this could be displayed in preparation for the 
next stroke. 
A tee for the ball 13 has a position determined by 

means of a bank of lamps 21 in the console and an 
"ARM' sensor 17 which will be in the shadow of the ball 
from the lamps when the ball is on the tee or at the tee 
position. The tee can be on an area carrying a roll of 
artificial grass 18 which can be turned so that the ball 
can be placed on a surface corresponding to being on 
a tee or on the fairway or in the rough or possibly even 
in sand. The tee, "ARM sensor and roll 18 are in a re 
cess in the top of the platform about 4 inches deep and 
10 feet square so that they will be in the same horizon 
tal plane. 
The bank or lamps 21 are arranged to provide a 

"wedge' 22 of illumination through which the ball will 
pass if it has been struck on its way to the net 14 even 
if there is considerable deviation in height and direc 
tion from the optimum. As the ball passes through the 
wedge of illumination 22 light will be reflected on to 
three banks of opto-electronic devices, constituting a 
deviation head 24 a “start/height' head 25, and a 
"stop' head 26. Head 25 consists of six opto-electronic 
devices, head 26 consists of six devices and the devia 
tion head 24 21 devices. These are collimated or 
masked so that they respond only to light arriving from 
a restricted area. The heads 25 and 26 are positioned 
in the console 15 and the head 24 is in the recess in the 
platform in front of the tee. 
Each head responds only to light reflected from one 

vertical plane and the three vertical planes are spaced 
from the driving spot in the order 24, 25, 26. In each 
head each sensitive device is controlled to receive light 
over an arc and the arcs for neighbouring sensitive de 
vices just adjoin one another or slightly overlap. This 
means that the position of the ball as it passes the verti 
cal plane concerned can be partly determined in accor 
dance with which sensitive device (or which two adja 
cent devices) receive light as it passes. 

It will be seen that the deviation head 24 has devices 
spaced apart horizontally whereas the "start/height' 
head 25 has devices spaced apart vertically, The first 
head 24 gives information about the position of the ball 
horizontally, and the second 25 about the position ver 
tically. The arm sensor 17 energises the electrical 
equipment in preparation for passage of the ball 
through the vertical and horizontal planes as soon as 
the ball is struck and leaves the tee and the sensor 17 
is energised from the lamps 21. The stop head, 26, is 
merely for giving a stop signal when the ball passes that 
vertical plane. The deviation 24 and start/height 25 
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heads have to give further information as will be de 
scribed in more detail from references made to FIG. 2. 
Referring now to FIG. 2, the three heads consisting 

of opto-electronic devices are indicated at 24, 25, 26 
and the different displays-namely the "Left/Right' and 
width displays, a "high-low' deviation display and a dis 
tance or range display are shown at 31, 33, 32 and 34 
respectively. 

Prior to playing his stroke, the player sets manually 
a “Club selector' unit 35 and a "Distance of Hole'se 
lector 28 controlling an arithemetic unit 29, in accor 
dance with the particular club he is going to use and the 
distance of tee to hole. The "Club selector' unit is de 
signed to supply a reference voltage dependent upon 
the theoretical height of the ball if correctly struck with 
that club as it passes the start/height vertical plane cor 
responding to the head 25. This information has al 
ready been calculated for various clubs so that the unit 
merely acts as a voltage selector and the voltage se 
lected is compared in a comparator 36 with a signal de 
rived from the start/height head 25 responsive to the 
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actual height of the ball as it passes that vertical plane. 
The output from the comparator 36 controls the 
"HIGH-LOW' display 32 and controls a function gener 
ator 37 which is arranged when it receives an initiation 
signal to generate a decaying variable linear function. 
The generator 37 can generate a number of different 
linear functions in accordance with different fixed 
component values which can be set in and the particu 
lar component set in will depend upon the output from 
the comparator 36. Thus if the height actually achieved 
corresponds with the theoretically correct height of the 
ball passing the start/height electrical plane, a particu 
lar linear function will be generated whereas if there is 
an error whether too high or too low a different linear 
function will be generated and the particular function 
will depend upon the amount of vertical deviation and 
its sense whether too high or too low. 
The start/height head 25 is also arranged when the 

ball passes that vertical plane to initiate a programmer 
38 through a 1 millisecond-delay circuit, for ensuring 
that the function generator has been correctly set. The 
programmer 38 then sends an initiating signal to the 
generator 37. 
When the ball passes the vertical plane for the stop 

bank 26 a signal is generated which stops the function 
generator 37 via the programmer 38 and the amplitude. 
of the decaying linear function at that instant remains 
stored in a level store 39, and this voltage in the level 
store 39 is fed to one input of a comparator 43. The 
programmer also initiates the action of a ramp genera 
tor 42 and simultaneously opens a gate 41. The genera 
tor 42 starts to generate a linearly rising voltage signal 
which is fed to the other input of the comparator 43. 
The ramp generator 42 generates its ramp until the 
ramp voltage corresponds with the voltage held in the 
level store and then the comparator 43 is arranged to 
close the pulse gate 41. Appropriate delay circuits are 
included to ensure that the ramp generated at 42 does 
not start until the stop signal has been generated at 26 
and the level store 39 is holding a final voltage from the 
function generator. This is a feature of a range expan 
der delay unit 40 and will not be described in detail. 
The gate 41, ramp generator 42, and comparator 43 
are included in a range integrator 50 controlled by a 
range control 54. 
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The gate 41, while it is open, passes output signals 
from a crystal oscillator 44 to a counter 45 arranged to 
drive the range display 34 through a conventional bi 
nary coded decimal unit. It will be appreciated that the 
gate is open for a time corresponding to the time for the 
ball to travel through the vertical plane corresponding 
to the start head 25 to the vertical plane corresponding 
to the stop head 26 and this time will be a measure of 
the velocity of the ball and will be directly indicated by 
a number of pulses that have passed the gate 41. It only 
requires conventional electrical techniques to translate 
this velocity into yards of range for direct display at 34 
in dependence on the particular club used which has 
been set in at 35. A further display 46 of the distance 
from the lie to the hole can be driven from the arithme 
tic unit 29. 
The deviation head 24 determines whether the ball 

has been struck straight or has been sliced or pulled 
and it is a simple matter to control display 31 to indi 
cate slices or pulls. The output from the head 24 is also 
supplied to control a divider 47 which receives the 
pulses from crystal oscillator 44 and divides them by a 
factor dependent on the degree of deviation as deter 
mined by the opto-electronic devices in the head 24. 
These pulses are counted in a counter 48 for direct dis 
play on the Left/Right width display 33 in terms of 
yards of deviation to left or right from a direct line from 
the tee to the hole. It will be clear that this measure 
ment can be obtained by simple division at 47 and by 
use of an input from the range measuring system be 
cause the greater the degree of deviation horizontally 
and the greater the range of stroke the further will the 
ball deviate from the straight line. 
A feature of the invention is the method of obtaining 

accurate computation even if the function generated at 
37 has decayed to a small value by the time the stop sig 
nal is received from the stop head 26. Thus the output 
from the function generator 37 is supplied as one input. 
to a comparator 51 whose other input receives a refer 
ence voltage from 52 corresponding to a voltage level 
of the function below which it may be difficult to get 
accurate comparison and computation. Once the func 
tion has decayed to this low voltage the comparator 51 
produces an output to operate an electronic switch 
shown diagrammatically at 53 which is arranged to 
connect the output from the function generator 37 to 
the comparator 43 through an amplifier in the control 
54 instead of directly and to connect the output from 
the ramp generator 42 to the comparator 43 through an 
amplifier 55 in the control 54 instead of directly. 
The range control 54 and amplifier 55 given an accu 

rate stable known gain of perhaps 10:1 so that the sig 
nals to be compared at 43 are still accurately related to 
each other but are of a magnitude enabling a more ac 
curate comparison to be made. 

It will be appreciated that the machine or apparatus 
can be used anywhere where there is room to swing a 
club, and a supply of electricity and that the player 
strikes a real ball with a real club, which is a very desir 
able feature in a simulating apparatus but which never 
theless enables accurate computation to be achieved. 

It is also possible to detect the rate and sense of spin 
on the ball by a detector 58 which responds to light re 
flected from the golf ball as it spins. 
The ball carries a "super-reflective' semi-circular 

strip which is arranged to extend from top to bottom 
facing away from the club-face, when the ball is on the 
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6 
tee and pulses are reflected from it to the sensor as the 
ball spins about an axis with a vertical component. The 
spin detector 58 is switched on by the 'arm' sensor 17 
and switched off by the first pulse reflected from the 
ball as it spins. The sensor is adjusted to be only respon 
sive to a pulse received from the super-reflective strip. 
The time between striking the ball and reception of the 
first pulse is dependent on the rate of spin about a verti 
cal axis, being shorter for higher spin rates. 
Pulses from the oscillator 44 are counted drawing the 

measured period, the number counted being smaller 
for higher spin rates. 
Counts so high as to represent a spin of less than 60 

revolutions per second are considered to produce no 
appreciable spin, and the system does not respond to 
such high counts. 

In order to achieve a signal which increases with spin 
rate for display in conjunction with the Left/Right dis 
play due to pull or slice, the spin unit 60 and divider 47 
are coupled with the integrate 50 and ramp generator 
42 arrangement in the same manner as described for 
measuring range. 
The spin system is based on the assumption that we 

are only interested in spin affecting ball movement in 
the horizontal plane. Spin in the vertical plane is al 
ready taken care of by the "error” in the angle that the 
ball takes off at in the vertical plane when the ball is in 
correctly hit. This simple arrangement produces a fairly 
acCurate anSWer, 

The display is a combination of accumulated devia 
tion due to direction of striking and accumulated devia 
tion due to spin. 
A 'system-functioning' indicator 61 is shown in FIG. 

2 and 3. It has three lamps arranged to be lit when sig 
nals are received respectively from the 'arm' sensor 17, 
and the "start and 'stop' heads 25 and 26, and when all 
three are alight, the user knows that operation is satis 
factory. 

It will be clear that the apparatus lends itself to fur 
ther development. For example, the information de 
rived in the computer can be displayed remotely and 
can indeed be used in conjunction with visual presenta 
tion so that the player can see projected on a screen a 
picture of the hole both as seen from the tee and from 
lies in a number of different directions, all of which 
could have been pre-recorded on an actual golf course 
and the selected one of which could be projected for 
the next stroke in accordance with the lie. It is a 'so a 
simple matter to add into the computer a factor repre 
senting a desired wind speed and direction and of 
course if the width of the fairway is fed into the com 
puter it can also give an indication whether the ball has 
landed on the fairway or in the rough so that the liese 
lected at 18 for the next shot can be correctly arranged. 
Bunkers can be set in and the computer will determine 
whether the ball has ended in a bunker. The informa 
tion can also be recorded for subsequent analysis and 
game play. 
What we claim as our invention and desire to secure 

by Letters Patent is: 
1. Apparatus for simulating the playing of golf 

strokes comprising a first bank of differently directed 
directional devices sensitive to radiation reflected from 
a golf ball in flight, and first electrical connections from 
the first bank for giving a first electrical signal repre 
senting a first characteristic of the trajectory of the golf 
ball, a second bank of differently directed directional 
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devices snesitive to radiation reflected from a golf ball 
in flight, and second electrical connection from the sec 
ond bank for giving a second electrical signal repre 
senting a second characterisitc of the trajectory of the 
golf ball, directional devices sensitive to radiation re 
flected from a golf ball in flight spaced apart in the di 
rection of flight, for deriving start and stop signals, and 
means for determining from the start and stop signals 
a range signal related to the velocity of the ball, and a 
computer responsive to the first and second electrical 
signals and the range signal for computing what would 
be the termination of the flight of the ball. 

2. Apparatus as claimed in claim 1 including means 
directing radiation at the area through which the ball 
will pass after being struck. 

3. Apparatus as claimed in claim 1 including start and 
stop devices respectively sensitive to radiation received 
from two different vertical planes spaced apart along 
the flight path. 

4. Apparatus as claimed in claim 3 including means 
arranged to measure the time interval between recep 
tion of radiation by the respective start and stop de 
vices. 

5. Apparatus as claimed in claim 3 including a gener 
ator of a decaying function commencing when the start 
device receives radiation, and ending when the stop de 
vice receives radiation, with the function at a measured 
level. 

6. Apparatus as claimed in claim 5 including a gener 
ator of a ramp function which increases linearly with 
time, and means responsive to increase of the function 
to a value corresponding to the said measured level. 

7. Apparatus as claimed in claim 6 including a pulse 
generator and means responsive to the number of 
pulses generated over the time necessary for the ramp 
function to reach the said corresponding value for giv 
ing an indication of ball velocity or range. 
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8 
8. Apparatus as claimed in claim 7 including a divider 

arranged to use a proportion of the said number of 
pulses to give an indication of deviation to left or right 
of a desired flight path, the proportion being dependent 
on which of the bank of horizontally spaced devices re 
ceives radiation from the ball as it passes the plane of 
that bank. 

9. Apparatus as claimed in claim 5 including means 
defining a reference signal level and means responsive 
to the measured level being below the reference signal 
level to adjust the signal level automatically. 

10. Apparatus as claimed in claim 9 in which the au 
tomatic adjustment is effected by switching in an ampli 
fier operating with a precisely determined gain. 

11. Apparatus as claimed in claim 1 including a sen 
sor which normally receives radiation but is cut off 
from the radiation when the ball is on a tee prior to 
being struck, which sensor operates to render devices 
operative when the ball leaves the tee. 

12. Apparatus as claimed in claim 1 including a plat 
form for supporting the golfer and the golf ball prior to 
its being struck and a net for stopping the golf ball after 
it has been struck, the devices being sensitive to radia 
tion received from different directions in vertical 
planes between the striking place and the net. 

13. Apparatus as claimed in claim 1 including a sen 
sor responsive to pulses of radiation received from the 
ball in flight as it spins about an axis with a vertical 
component, and means for providing from the sensor 
a signal related to the lateral deviation of the flight path 
due to the spin. 

14. Apparatus as claimed in claim 13 including 
means for superimposing the deviation due to spin on 
the flight deviation, due to the direction in which the 
ball is struck being to right or left of the desired direc 
tion. 

k . . . . 
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