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Patent No. 4,088,324 to Farmer. This patent teaches the utilization of an
acceleration sensor mounted in FIELD OF THE INVENTION
the golf dub head for detecting the deceleration shock pulse generated by
striking the ball. Electronic The present invention relates to a range
finding   5   circuits mounted in the club handle convert the ana-
apparatus for use by a golfer fordetermining distance  log signal from the
acceleration sensortoa digital sig- on a golf course. More particularly,
the golfer aims a  nal proportional to the distance traveled by the ball
hand-held optical transceiver at a pin located on a golf  and transmits the
distance to a digital display mount- course green, and the device displays
the distance  ed on the end of the club. The golfercan estimate the between
the golfer and the pin.               io  current or present position by
subtracting the dis- tance the ball traveled from the total length of the
BACKGROUND OF THE INVENTION                        hole. Another distance
measuring device is disclosed As is known in the art, a golfer may
determine the  in DE-A-3 318 556. This system describes a bulky remaining
distance to the pin by referring to perma-  15  system of discrete
components in which the optics, nent distance markers set outalong the
fairway. How-  electronics, and computing functions reside in three ever,
these yardage markers are generally set at 50  discrete, physically
separated housings. In order to yd (45.72 m) or 100 yard (91.44 m)
increments, requir-  provide suitable stability in the field, the optical
sys- Ing the golfer to interpolate or estimate his exact lo-  tem must be
mounted on a tripod. cation. Additionally, fixed yardage markers do not ac-
20 count for variations in pin placement on the green,  SUMMARY OF THE
INVENTION which can alter the actual distance by as much as 25 yards.
In contrast to the prior art, the present invention A variety of attempts
have been made to provide  provides a convenient and accurate apparatus for
golfers with a more accurate indication of the remain-  25   measuring the
distance to the pin on a golf green as ing distance to the pin. Such
efforts have included the  set out in the appended claims. use of radio
transceivers. For example, United States  The invention includes a
hand-held electro/opti- Patent No. 3,868,692 to Woodard et al. discloses a
cal TDR (Time Domain Reflectometry) transceiver plurality of transmitters
located on the greens. Each  that cooperates with a pin mounted passive
retrore- transmitter is designed to generate an RF signal of a   30
flector to measure distance on the golf course. different frequency. The
golfer uses a receiver unit  The transceiver sends pulses of light to the
pas- thatdisplays the relative distance to each of the trans-  sive
retroreflector attached to the pin. Light which mitters.
travels from the optical transmitter section of the Asimilarsystem is
disclosed in United States Pa-  transceivertothe retroreflectoron the pin
is reflected tent No. 4,163,394 to Jones et al. which teaches a   35  back
to the optical receiver section of the hand-held system which includes a
base unit mounted at or near  unit. the pin on the green and a numberof
remote units car-  The transmitted pulse train and the received ried by the
golfers on the course. The remote units  pulse train differ in edge
synchronicity. This differ- transmit radio pulses to the base unit, and the
base  ence in edge position is proportional to the transit unit responds by
returning an acoustic or ultrasonic  40  time of the transmitted optical
signal. Atiming device signal. The time interval between transmission of
the  responsive to edge position operates to measure the radio pulse and
the reception of the acoustic signal  transit time for the signal. This
measured time differ- defines the distance to the pin. The distance is dis-
ence is displayed as a distance measurement The played by means of a
readout on the remote unit.   hand-held unit includes a digital
readoutwhich is used United States Patent No. 4,698,781 to Cockerell  45
to display the distance measurement to the golfer. and United States Patent
No. 4,703,444 to Storms et    These and other objects, features and
advantag- al. both describe systems wherein remote stations are  es of the
invention will become apparentupon reading located on the golf course.
Asignal emitted by the gol-  the following detailed specifications and
drawings. fer's portable unit is received by all three remote sta- tions.
The golfer's current position on the course is tri-  50   BRIEF DESCRIPTION
OF THE DRAWINGS angulated and transferred to a central CPU. The central CPU
stores the location of various     Figure 1 is a diagram showing the
mechanical predetermined features on the course. The CPU cal-    layout of
the hand-held optical transceiver; culates the distance from the golfer's
current position  Figure 2 is a detailed mechanical diagram of the to the
specified feature and relays the distance to the   55  optical telescope
portion of the transceiver golfer's portable unit, where it is displayed by
use of  shown in Fig. 1; a digital readout.
Figure 3 is a sectional view drawing of the prefer- Yet another approach is
set forth in United States  red embodiment mounting mechanism shown in 2
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conceptualized schematic of Fig. 7describethe basic Figure 4 is a diagram
of the preferred mounting  operational aspects of the invention. structure
for locating the optical transmitter and  In operation, the transmitter
section is activated receiver elements within the telescope portion of  by
the user through a trigger 24. The transmitter sec- the transceiver;
5   tion generates and emits a pulsed wave train of co- Figure 5 is a
drawing depicting a user utilizing the  herent light Panel Aof Fig. 6
depicts the square wave hand-held optical transceiver in conjunction with
waveform of this transmitted signal. The preferred a flag pin mounted
retroreflector;               repetition rate is 10 KHz which insures that
the wave- Figure 6 is a timing diagram depicting the signal  form period is
twice the longest time interval to be and control waveforms of the
electronic portion   io   measured by the system. At this repetition rate,
the of the measurement system;                       period is still short
enough that user motion is not ca- Figure 7 is a conceptualized functional
diagram  pable of interfering with the measurement. describing the basic
operation aspects of the       When this wave train depicted in panel A,
falls on electronic portion of the transceiver;          the
retroreflector, the retroreflector returns some of Figures 8, 9, 10, 11,
and 12 are collectively the   15  the light energy to the receiver section
of the trans- electrical schematic diagram depicting an illus-  ceiver.
trative embodiment of the transceiver.              The receiver section
generates a detected signal when the incident light energy rises above a
thresh- DETAILED DESCRIPTION OF THE PREFERRED               old. The
received waveform signal developed in the EMBODIMENT
20  front end of the receiver section is depicted in panel B of Fig. 6
(panel A). Although the present invention is described in      In general,
the transmitted waveform and the re- connection with a preferred and
illustrative embodi-  ceived waveform (panel B) differonly In terms of edge
ment of the invention, it should be appreciated that  synchronicitywhich is
displayed In the diagram of Fig. other embodiments or variation of the
invention are  26   6 as the time difference between transmitted and re-
contemplated within the scope of this invention.    ceived signals "t".
This time difference is linearly pro- portional to the distance between the
transceiver and Overview                                            the
retroreflector, and results from the transit time of the optical signal to
the retroreflector and back. Fig. I shows the hand-held "pistol-shaped"
trans-  30  Receivercircuitry differentiates the detected wa- ceiver 10 in
isolation. This phantom view of the trans-  veform of panel B to generate
the waveform depicted ceiver shows that the interior of the handle 16 holds
in panel C of Fig. 6. The negative going and positive a battery module 20.
The body 17 contains an elec-  going edges of the differentiated waveform
are used tronics module 21. The "barrel" portion of the body 17  to
generate control signals, depicted in panels D and locates an optical
system 22. The rear of the body 17   35   E of Fig. 6. These control
signals indicate the edge carries an alphanumeric display 18 for displaying
dis-  position in the received waveform. The first negative tance
measurements to the user 12.                  going edge 60 of the received
waveform corresponds Fig. 5 shows the system in use. In that figure the  to
and generates the "target acquisition pulse" 61. golfer or user 12 is
directing or aiming the transceiver  This control signal 61 is used to
initialize and invoke 10 toward a pin 14 located some distance away down
40  an automated measurement system. the fairway.
Once the system is initialized In this fashion, a The transceiver includes
both transmitting and   conversion counter accumulates counts during a
receiving sections. In use, the transmitter section  count window 58. This
counting operation converts sends out an optical signal to the
retroreflector 15  the time interval measurement into a distance meas-
mounted on the pin 14.                         45   urementfordisplayto
thegolfer. In the example of Fig. The retroreflector 15 collects and
redirects the  6, the next leading edge 62 of the transmitted wave- optical
signals tothe receiversection of the transceiv-  form is used to start the
conversion counter. This er 10. The time difference between the edges of
the  event corresponds to the "start count" signal 63. The transmitted and
received signals are compared to de-  conversion counter accumulates counts
at a fixed termine the time of flight for the optical signal.  50  rate for
a count window extending from the "start The transceiver contains
computation and dis-    count" signal 63 to the leading edge 65 of the next
re- play circuitry which automatically converts signal  turned waveform
shown in Fig. 6, panel F, as edge 64. edge information into a distance
measurement which  This "stop count"signal 60 corresponds to the leading is
displayed to the golfer 12.                      edge 65 of the next
received pulse. 55      During the count window defined by edges 63 System
Level Description                            and 64, counts from a 160 MHz
clock are collected In the conversion counter. The oscillator clock
frequen- The wave form diagram set forth in Fig. 6, and the  cy is scaled,
to directly convert the time delay into a 3    



5                    EP 0 541584 B1                   6 display of the
measured distance in yards.           ratio for the received light signal.
The optical to elec- The receiver section also shuts off the transmit-
trical transducer or sensor 33 Is preferably an FFD- ter to reduce battery
consumption at the conclusion   100 photodetector sensor manufactured by
EG&G of the measurement cycle; however, this feature is not  Corp. This
photodiode detector has sufficientconver- depicted in the waveforms
displayed in Fig. 6.   5   sion efficiency, sensitivity and frequency
response In summary, the activation of the trigger 24 re-  (electrical rise
time) for this application. suits in the transmission of the light pulses.
Once the  It is preferred to support 28 the receiver diode in target has
been acquired the transit time measure-    a housing 35 which is concentric
with the tubular ment is made automatically and the transmit laser is
housing 30, and coaxial with the transmit diode 38 shut off.
10   mount. Structural elements for generating the control        The
preferred output diode is an LDM 22 laser di- functions set forth in Fig. 6
are set forth in Fig. 7. As  ode manufactured by Sharp Corp. The output
from shown in that figure, a stable free-running multivibra-  this laser
diode is collimated by the transmitter colli- toroscillator40 is used to
supply an approximately 10  mator tube 37 and collimater lens 27 which
restricts KHz clock rate to establish the transmit repetition rate   15
the illumination beam to a divergence of 0.05 millira- for the laser diode
36. Beam interrupt modulation cir-  dians or a divergence of 1 foot (30A8
cm) per 100 cuitry 42 is provided to pulse modulate the transmit-  yards
(91.44 m). ted beam. The preferred duty cycle is 50%. The mod-
Suitable electrical conductors 26 are provided to ulator 42 drives the
transmitter diode 36 to generate  couple the receiver sensor 33 and
transmitter laser the transmitted optical signal 41.               20
devices 36 to the electronic module 21. The receiver portion of the system
includes an optical sensor33 for converting incident radiation into
Electronic Module electrical energy. The sensor 33 is coupled to buffer
circuitry 43 forthe impedance transformation and re-     The schematic
diagrams of Figs. 8, 9, 10, 11 and covery of the received signal.
25   12 set forth the device types and circuitvaluesforthe The received
signal is differentiated to extractthe  preferred and illustrative
embodiment of the trans- leading and trailing edges of the received
waveform.  ceiver. The differentiation process is performed in associa-
The system relies in parton the detection of sharp tion with amplifier
function 45.                      signal edges. These waveform features
have very The leading and trailing edge signals are extract-  30  sharp
rise times and are rich in high frequency com- ad from the differentiated
signal, by positive 46 and  ponents which require wide bandwidth, high
speed negative 47 pulse strippers. The edge signals are     components.
Forthis reason various logic and device converted to logic level control
signals.             families are represented in the schematics. The wide
After being latched by a suitable flip flop 49, the  bandwidth and high
gain factors require careful com- target acquisition pulse signal is used
to reset the dis-  35   ponent layout and power supply isolation to insure
re- playcounters to initialize them, this signal is also used  liable and
stable operation of the overall system. to interrupt the transmitted
optical signal via connec-  The upper portion of Fig. 8 is the photodiode
re- tion 44.                                              ceiver detector
section orfront end of the transceiver. The photodiode sensor 33 output is
coupled to an FET Optical System                                   40
amplifying stage which performs an impedance transformation and buffering
function. At this stage of The optical system 22 is depicted in isolation
in  the receiver the detected signal is loosely coupled Fig. 2. It is
preferred to utilize a telescopic optical sys-  through the small value
capacitor 70 to another gain tem to collect light for the receive function
of the  stage represented by operational amplifier 71. The transceiver. As
shown in Fig. 2, a tubular member 30   45   operational amplifier output is
differentiated through having an aperture of approximately two inches is
the capacitor resistor network formed bycapacitor72 provided to collect
light. Near the front of this tubular  and resistor 73. The differentiated
signal is amplified member 30 is a receiver collimator 31 which is prefer-
by several stages of amplification implemented with ably between 0.5 inch
(1.27 cm) and 1.0 inch (2.54    transistors 74,75 and 76. The amplified and
differen- cm) thick. In operation, the collimator is sized to elim-   50
tiated signal is capacitively 77 coupled to a transistor inate the
collection of off axis radiation. It is preferred  78 which is biased
toward the upper supply rail. The to limitthe telescope to a field of view
of approximate-  emitter connection generates a signal when the base ly 3
degrees or less.                                 connection is presented
with a positive going pulse. The rearof the telescope contains a mirror 32
for  After suitable logic buffering associated with transis- collecting and
directing the collimated light onto the   as  tors 80 and 81 and the
comparator 82, the positive sensor 33. It is preferred, but not required to
provide  stripped pulse is coupled to OR gate 83 for use as a narrow band
optical filter 34 for the collected light.  control signal. The inclusion
of the filter improves the signal to noise  In a similar fashion, the
amplified and differenti- 4    



7                    EP 0 541584 B1                   8 ated signal is
capacitively coupled through capacitor  ceives the first returned pulse of
light from the retro- 84 to a negative pulse stripper shown on Fig. 9 in
con-  reflector, the target acquired flip flop 68 toggles to the nection
with transistors 85 and 86 and comparator 87.  set state which takes the
rest off the 10 KHz oscillator This logic level signal is used for
controlfunctions and  flip flop 67 and enables the stop count flip flop 69
by is applied to flip flop (FF) 88.                 5   placing a logic one
at its J input. The next rising edge Turning to Fig. 10, there is shown a
160 MHz os-  62 of the 10 Kc oscillator flip flop is toggled which
cillator. The 80 MHz crystal frequency is doubled by  opens the clock gate
89 starting the counter accumu- the collection of OR and inverters as set
forth in the  lator function. The next received edge 65 from the figure.
the clock output from the "clock gate" NOR 89  sensor toggles the stop
countflip flop 69 which clears is used to clock the counter 90 shown on
Fig. 11. The   io  the 10 KHz laser oscillator flip flop closing the clock
clock pulses are turned "off' through input 79 to the  gate flip flop 89,
which completes the measurement. NOR gate 89. In operation, the "stop
count" signal is applied to this input of NOR 89 to complete the time to
distance conversion.                               Claims Turning to Fig.
12, the counter circuitry for con-   15 version of the time difference
information into a yard-  1. A system for measuring the distance to an
object, age display is shown. Cascaded counters 90, 91 and       comprising
an optical retroreflector (15) and a 92 count clock pulses supplied to
input G of counter     transceiver (10); said transceiver (10) compris- 90.
In operation, the counter 90 accumulates the "1's"   ing: counts while
every tenth count overflows to dock the   20   (i) an optical system (22)
including an optical next counter stage 91 which collects the "10's" count.
transmitting means (27, 36, 37, 40, 42) for In a similarfashion, the
overflow of counter 91 clocks      generating optical pulses (41) at a
first repe- counter 92 to collect the "1 00's" count. Three decades
tition rate and for sending said optical pulses of integrated display
drivers are provided as 93, 94,       (41) to said retroreflector (15); and
95. These devices collectively form the display   25    (ii) said optical
system (22) furthercomprising 18. Resistor 96 and capacitor 97 form a power
on re-        optical receiver means (31, 32, 33, 43, 45) for set for the
counters. The transistor array generally        receiving and detecting
optical pulses (59) re- designated 98 provides the appropriate interface
be-        flected from said retroreflector (15), and for tween the high
speed counter 90 and the "1's" dis-          generating a detected pulse
signal (81) indi- play.                                            30
cative of said optical pulses, said optical re- Fig. 9 shows the control
logic for the system. Flip      ceiver means (31, 32,33,43,45) residing
with flop 69 is referred to as the "stop count" flip flop. The   the
optical transmitter means (27, 36, 37, 40, output labeled F in the figure
is supplied to AND gate      42); 52 of the beam interrupt modulator shown
in Fig. 11.        (iii) an electronics module (21); This flip flop turns
the laser diode 36 off at the con-   35  (iv) timing means (24, 45, 58, 90)
for measur- cluslon of the measurement cycle.                           ing
the time difference between the leading Flip flop 68 is referred to as the
"target acquired"     edge of one said transmitted optical pulses flip
flop. This flip flop is toggled by the processed sig-  and the
corresponding leading edge of said nal from the sensor 33. The state of
this flip flop indi-   corresponding detected pulse signal, said cates that
the receiver has been activated by a signal  40  timing means (24,45, 58,
90) furthercompis- returned from the retroreflector 15 and that a time
ing a trigger (24), the operation of said trigger difference measurement
can be made.                         causing the optical transmittermeans
(27,36, Flip flop 87 is referred to as the 10 Kc laser oscil-    37, 40,
42) to generate and emit a pulsed latorflip flop. This flip flop controls
clock gate 89 and   wave train of coherent light, thereby creating
effectively controls the application of clocking pulses   45  a square
waveform (41) having a plurality of to the counter 90.
leading and trailing edges; In general, these flip flops have their preset
pins   characterized in that the system is dedicated for coupled to the
positive power supply while a simple      measuring the distance between
agolfer(12) and resistor 97 and capacitor 98 timersupplies a reset sig-  a
pin (14) located on a golf course, said optical nal to the devices to
initialize them.           50      retroreflector (15) being mounted on
said pin (14) Upon power up, the 10 KHz laser oscillator flip       and
said transceiver (10) being adapted for oper- flop 67 is held in a reset
state which blocks clock puls-  ation by said golfer (12); es atthe clock
gate 89. Atthis time, the powerup reset      (v') said optical pulses (41)
have a divergence of the target acquisition flip flop 68 "clears" the stop
of approximately 0.05 milliradians; count flip flop 69 which generates the
"laser off' sig-  s5  (v) said transceiver (10) further comprising a nal F
which insures that the laser is held off.             hand holdable pistol
shaped housing, the This sequence of events prepares the counters
housing being formed so as to have a body for a measurement cycle. When the
receiver first re-        portion (17), a handle portion (16) and a barrel
5    



7                    EP 0 541 584 B1                  8 ated signal is
capacitively coupled through capacitor  ceives the first returned pulse of
light from the retro- 84 to a negative pulse stripper shown on Fig. 9 in
con-  reflector, the target acquired flip flop 68 toggles to the nection
with transistors 85 and 86 and comparator 87.  set state which takes the
rest off the 10 KHzoscillator This logic level signal is used forcontrol
functions and  flip flop 67 and enables the stop count flip flop 69 by is
applied to flip flop (FF) 88.                 5   placing a logic one at
its J input. The next rising edge Turning to Fig. 10, there is shown a 160
MHz os-  62 of the 10 Kc oscillator flip flop is toggled which cillator.
The 80 MHz crystal frequency is doubled by  opens the clock gate 89
starting the counter accumu- the collection of OR and inverters as set
forth in the  lator function. The next received edge 65 from the figure.
the clock output from the "clock gate" NOR 89  sensor toggles the stop
countflip flop 69 which clears is used to clock the counter 90 shown on
Fig. 11. The   10  the 10 KHz laser oscillator flip flop closing the clock
clock pulses are turned "off' through input 79 to the  gate flip flop 89,
which completes the measurement. NOR gate 89. In operation, the "stop
count" signal is applied to this input of NOR 89 to complete the time to
distance conversion.                               Claims Turning to Fig.
12, the counter circuitry for con-   15 version of the time difference
information into a yard-  1. A system for measuring the distance to an
object, age display is shown. Cascaded counters 90, 91 and       comprising
an optical retroreflector (15) and a 92 count clock pulses supplied to
input G of counter     transceiver (10); said transceiver (10) compris- 90.
In operation, the counter 90 accumulates the "1's"    ing: counts while
every tenth count overflows to clock the   20  (i) an optical system (22)
including an optical next counterstage 91 which collects the "10's" count.
transmitting means (27, 36, 37, 40, 42) for In a similarfashion, the
overflow of counter 91 clocks      generating optical pulses (41) at a
first repe- counter92 to collect the "100's" count. Three decades
tition rate and for sending said optical pulses of Integrated display
drivers are provided as 93, 94,       (41) to said retroreflector (15); and
95. These devices collectively form the display   25    (ii) said optical
system (22) further comprising 18. Resistor 96 and capacitor 97 form a
power on re-        optical receiver means (31, 32, 33,43,45) for set for
the counters. The transistor array generally        receiving and detecting
optical pulses (59) re- designated 98 provides the appropriate interface
be-        flected from said retroreflector (15), and for tween the high
speed counter 90 and the "1's" dis-          generating a detected pulse
signal (61) indi- play.                                            30
cative of said optical pulses, said optical re- Fig. 9 shows the control
logic for the system. Flip     ceiver means (31,32,33,43,45) residing with
flop 69 is referred to as the "stop count" flip flop. The   the optical
transmitter means (27, 36, 37,40, output labeled F in the figure is
supplied to AND gate      42); 52 of the beam interrupt modulator shown in
Fig. 11.        (iii) an electronics module (21); This flip flop turns the
laser diode 36 off at the con-   35  (iv) timing means (24,45, 58, 90) for
measur- clusion of the measurement cycle.                           ing the
time difference between the leading Flip flop 68 is referred to as the
"target acquired"     edge of one said transmitted optical pulses flip
flop. This flip flop is toggled by the processed sig-  and the
corresponding leading edge of said nal from the sensor 33. The state of
this flip flop indi-   corresponding detected pulse signal, said cates that
the receiver has been activated by a signal  40  timing means (24,45,58,
90)furthercompris- returned from the retroreflector 15 and that a time
ing a trigger (24), the operation of said trigger difference measurement
can be made.                         causing the optical transmitter means
(27,36, Flip flop 67 is referred to as the 10 Kc laser oscil-   37, 40, 42)
to generate and emit a pulsed lator flip flop. This flip flop controls
clock gate 89 and  wave train of coherent light, thereby creating
effectively controls the application of clocking pulses   45  a square
waveform (41) having a plurality of to the counter 90.
leading and trailing edges; In general, these flip flops have their preset
pins   characterized In that the system Is dedicated for coupled to the
positive power supply while a simple      measuring the distance between a
golfer(12) and resistor97 and capacitor 98 timer supplies a reset sig-  a
pin (14) located on a golf course, said optical nal to the devices to
initialize them.           so      retroreflector (15) being mounted on
said pin (14) Upon power up, the 10 KHz laser oscillator flip       and
said transceiver (10) being adapted for oper- flop 67 is held in a reset
state which blocks clock puls-  ation by said golfer (12); es at the
clockgate 89. Atthis time, the power up reset     (v') said optical pulses
(41) have a divergence of the target acquisition flip flop 68 "clears" the
stop    of approximately 0.05 milliradians; count flip flop 69 which
generates the "laser off" sig-  55  (V) said transceiver (10) further
comprising a nal F which insures that the laser is held off.
hand holdable pistol shaped housing, the This sequence of events prepares
the counters            housing being formed so as to have a body for a
measurement cycle. When the receiver first re-        portion (17), a
handle portion (16) and a barrel    9                   EP 0 541 584 B1
10 



portion, the barrel portion having a diameter  5. The apparatus of claim 3
wherein said optical of approximately 5 cm;
system further comprises: (vi) said electronics module (21) residing in
collimator means located within said tube the body portion (17) of said
housing and the     proximate said front end for reducing the accep-
optical system (22) residing in the barrel por-   5  tance of off axis to
three degrees or less. tion of said housing; (vii) said optical receiver
means (31, 32, 33,  6. The apparatus of claim 1 wherein said optical 43,
45) residing with the optical transmitter    transmitter comprises: means
(27, 36, 37, 40, 42) inside the barrel
(a)oscillatormeansforgenerating pulsesata portion, said barrel portion
having a circular  10  first repetition rate; cross-sectiontube(30)
havingafrontendand            (b) transmitter diode means for converting a
back end, said optical receiver means (31,        electrical energy into
optical pulses; and 32, 33,43, 45) comprising a mirror (32) and a       (c)
buffer driver means coupled to said oscil- sensor (33), said mirror (32)
being located         lator means and coupled to said transmitter within
said tube (30) at said back end for col-  i5  diode means fordriving said
diode at said first lecting and directing incident light to said sen-
repetition rate. sor (33), said sensor (33) being attached at the back side
of said transmitter means (27,  7. The apparatus of claim 1 wherein said
optical re- 36, 37, 40, 42); and                             ceiver
comprises: (viii) said timing means (24,45,58,90) further  20  (a) sensor
means for converting incident opt- comrising a differentiator (45), said
differen-     ical pulses into a received electrical signal; tiator
generating a plurality of control signals    and (60,61, 63) indicative of
each edge position of     (b) signal processing means for amplifying the
plurality of leading and trailing edges of      and differentiating said
received electrical the square waveform, the differentiator gen-   25
signal and for generating logic control signals erating the control signals
(60, 61, 63) in re-     indicative of the edges of said optical pulses.
sponse to the detected pulsed signal (65) gen- erated by the optical
receiver means, thereby  8. The apparatus of claim I wherein said timing
permitting the distance measurement to be        means comprises:
accomplished by recording a time period be-  30     (a) logic means for
defining a timing window, tween the leading edge (62) of the emitted
said timing window extending from the lead- pulsed wave (41) and the
control signal (61)        ing edge of one of said transmitted optical
generated in response to detection of the           pulses to the
corresponding receiver detected same leading edge (65) of the reflected
signal      leading edge of the returned optical pulse; (59).
35         (b) counter means coupled to said logic means for accumulating
pulses during said 2. The apparatus of claim I wherein said transceiv-
timing window and for generating an accumu- er further comprises:
lated count; and telescope means for collecting and focus-        (c)
display means for displaying said accumu- ing incident light onto said
sensor.        40         lated count as a distance measurement to said
golfer. 3. The apparatus of claim 2 wherein said telescope further
comprises:                               9. The apparatus of claim 8
further comprising: (a) an optical system  including a circular
switch means coupled to said optical transmitter crossection tube having a
font end and a back   45  means to permit activation of said optical trans-
end;                                              mitter means to initiate
a distance measurement. (b) a mirror located within said tube at said back
end for collecting and directing incident  10. The apparatus of claim I
orclaim4furtherinclud- light to a focus; and
ing an optical band pass filter located proximate (c) sensor support means
located at said fo-  50  said optical receiver for limiting light
contribution cus for retaining and locating said sensor.       by light
which is not of the same wave length as the transmitted pulses. 4. The
apparatus of claim 3 wherein said optical system further comprises:
transmitter diode support means, concen-  55   PatentanspriOche tric with
said sensor support means for locating a transmitter diode proximate said
front end.    1. System zum Messen sines Abstandes zu einem Objekt,
enthaltend einen optischen Retro-Re- 6    flektor(15) und einen
Sende-Empfanger (10), der       kreisformige R6hre (30) mit sinem vorderen 



aufweist:                                             und einem hinteren
End. aufweist, wobel die (i) sin optisches System (22), das ein opti-
optischen Empfangsmittel (31, 32,33,43,45) aches Sendemittel (27, 36, 37,
40, 42) zum         einen Sensor (33) und einen Spiegel (32) ent- Erzeugen
optischer Impulse (41) mit einer er-   s  halten, der innerhalb der Rohre
(30) an deren sten Wiederholungsfrequenz und zum Sen-            hinterem
Ends zum Sammeln und Ausrichten den dieseroptischen Impulse (41) zu dem Re-
einfallenden Lichtes auf dem Sensor (33) an- tro-Reflektor (15) enthalt;
geordnet ist, wobei derSensor(33) an der hin- (ii) wobei das optische
System (22) weiterhin      teren Seite des Sendemittels (27, 36, 37,40,
optische Empfangsmittel (31,32, 33, 43, 45)  fO    42) angeordnet ist; und
zum Empfangen und Erfassen optischer Im-           (viii) wobei die
Zeitmelmittel (24,45, 58, 90) pulse (59), die von dem Retro-Reflektor (15)
weiterhin einen Differentiator (45) enthalten, reflektiert werden, und zum
Erzeugen eines         der sine Visizahl von, Jede Flankenposition
erfaiten, optische Impulse anzeigenden Im-         der mehreren Vorder- und
Hintsrflanken der pulssignals (61), wobei die optischen Emp-  15
rechteckigen Wellenform anzeigende Steuer- fangsmittel (31, 32 33, 43, 45)
zusammen mit       signals (60, 61, 63) erzeugt und der die Steu- dem
optischen Sendemittel (27,36,37,40,42,)        ersignale (60, 61, 63) in
Erwiderung zu den angeordnet ist;
erfalten, gepulsten Signalen (65), die durch (iii) sin Elektronikmodul
(21);                    die optischen Empfangsmittel erzeugt wer- (iv)
Zeitmellmittel (24, 45,58, 90) zum Mes-  20   den, ausgibt, wodurch die
durchzufulhrende sen des Zeitunterschiedes zwischen der Vor-
Abstandsmessung durch Aufzebchnen einer derflanke sines der gesendeten,
optischen          Zeitperiode zwischen der Vorderflanke (62) Impulse und
der entsprechenden Vorderkan-          der abgestrahltbn, gepulaten Wells
(41) und te des entsprechenden, erfaliten Impulssi-         dem
Steuersignal (61), des in Erwiderung der gnals, wobei die Zeitmenmittel
(24, 45, 58,  25    Erfassung dergleichen Vorderflanke (65) des 90)
weiterhin einen Ausl6ser (24) enthalten,       reflektierten Signals (59)
erzeugt wird, ge- dessen Bedienung das optische Sendemittel
stattetwird. (27,36,37,40,42) veranlaBt, einen gepulsten Wellenzug an
koharentem Licht zu erzeugen    2. Vorrichtung nach Anspruch 1, bei der der
Sends- und abzustrahlen, wodurch eine Rechteck-  30    Empfingerweiterhin
enthalt Teleskopmittel zum Wellenform (41) erzeugt wird, die mehrere
Sammein und Fokussieren einfllenden Lichtes Vorder- und Hinterflanken
aufweist;             auf den Sensor. dadurch gekennzeichnet, dal3 das
System zum Messen des Abstandes zwischen einem Golfer      3. Vorrichtung
nach Anspruch 2, bei der das Tele- (12) und einer auf einem Golfplatz
angeordneten   35  skop weiterhin enthilt: Stange (14) verwendet wird,
wobei der optische        (a) sin optisches System, das sine im Quer-
Retro-Reflektor (15) an der Stange (14) montiert      schnitt kreisformige
R8hre mit einem vorde- und der Sende-Empfanger (10) zur Bedienung
ren und einem hinteren Ends enthalt; durch den Golfer (12) vorgesehen ist;
(b) einen innerhalb der R8hre am deren Ends (v') wobei die optischen
Impulse (41) ine Ab-  40  angeordneten Spiegel zum Sammeln und weichung von
annahernd 0,05 Milliradiant           Ausrichten einfallenden Lichtes auf
sinen aufweisen;                                         Brennpunkt; und
(v) wobei der Sende-Empfanger (10) weiter-         (c) Sensor-Haltemittel,
die an dem Brenn- hin sin mittels einer Hand haltbares, pistolen-    punkt
zum Tragen und Fixieren des Sensors formiges Gehause enthalt, welches so
gestal-  45   angeordnet sind. tet ist, daB es einen Korperabschnitt (17),
ei- nen Griffabschnitt (16) und einen Tonnenab-  4. Vorrichtung nach
Anspruch 3,bei der des opti- schnitt aufweist, der einen Durchmesser von
sche System weiterhin enthalt: Sendediode-Hal- annahernd 5 cm besitzt;
temittel, die konzentrisch mit den Sensor-Halts- (vi) wobei das
Elektronik-Modul (21) von dem   50  mitteln zum Anordnen einer Sendediode
nahe Korperabschnitt (17) des Gehauses und das       dem vorderen Ends
vorgesehen ist. optische System (22) von dem Tonnenab- schnitt des Gehauses
aufgenommen ist;        5. Vorrichtung nach Anspruch 3, bei der das opti-
(vii) wobei die optischen Empfangsmittel (31,   sche System weiterhin
enthalt: Collimator-Mittel, 32, 33, 43, 45) zusammen mit dem optischen  55
die innerhalb derRohre In derNihe desvorderen Sendemittel (27, 36, 37, 40,
42) im Inneren     EndeszurVerringerung derAufnahmeauierhalb des
Tonnenabschnitts angeordnet sind, wo-       der Achse bis 3 Grad oder
weniger angeordnet bei der Tonnenabschnitt eine im Querschnitt     ist; 7
13                  EP 0 541 584 B1                 14  I  *         L , 6.
Vorrichtung nach Anspruch 1, bel der der opti-        (i) un systeme
optique (22) incluant des 



sche Sender enthalt:                                  moyens d'6mission
optique (27, 36, 37, 40, (a) Oscillator-Mittel zum Erzeugen von Impul-
42) pour gen6rerdes impulsions optiques (41) sen mit einer ersten
Wiederholungsfrequenz;        A un premier rythme de r6p6tition et pour en-
(b) Sendediodenmittel zum Umwandeln von   s        voyer lesdites
impulsions optiques (41) vers elektrischer Energie in optische Impulse;
ledit r6tror6flecteur (15); (c)  Pufferantriebsmittel,  die  mit den
(ii) ledit systeme optique (22) comprenant de Oscillator-Mitteln und den
Sendediodenmit-         plus des moyens formant recepteur optique ten
zumAntrieb der Diode mit der ersten Wie-       (31, 32, 33, 43, 45) pour
recevoir et d6tecter derholungsrate verbunden sind.          10         des
impulsions optiques (59) reflechies A par- tir dudit r6tror6flecteur (15),
et pour g6n6rer 7. Vorrichtung nach Anspruch 1, bei der der opti-        un
signal d'impulsion detecte (61) Indicatif sche Empfinger enthalt:
desdites impulsions optiques, lesdits moyens (a) Sensormittel zum Umwandeln
.einfallen-         formant recepteur optique (31,32, 33,43,45) der,
optischer Impulse in ein empfangenes,  t5     se trouvant avec les moyens
formant emet- elektrisches Signal; und                           teur
optique (27, 36, 37, 40, 42); (b) Signalbearbeitungs-Mittel zum VerstAr-
(iii) un module electronique (21); ken und Differenzieren des empfangenen,
(iv) des moyens de synchronisation (24, 45, elektrischen Signals und zum
Erzeugen logi-        58, 90) pour mesurer la difference temporelle scher,
die Flanken der optischen Impulse an-  20   entre le front avant de l'une
desdites impul- zeigende Steuersignale.                            sions
optiques emises eto l front avant corres- pondant dudit signal d'impulsion
detecte 8. Vorrichtung nach Anspruch 1, bei der die
correspondant, lesdits moyens de synchroni- Zeitmeamittel enthalten:
sation (24, 45, 58, 90) comprenant de plus (a) logische Mittel zum
Definieren eines Zeit-  25  une gachette (24), I'actionnement de ladite
fensters, das sich von der Vorderflanke eines      gachette faisant generer
et emettre un train dergesendeten optischen Impulse zu der ent-
d'onde d'impulsions de lumiere coherentb par sprechenden erfalten sowie
empfangenen             les moyens formant emetteur optique (27,36,
Vorderflanke des reflektierten optischen Im-       37,40, 42), cr6ant ainsi
une onde en creneau pulses erstreckt;                       30         (41)
ayant une pluralite de fronts avant et (b) Zahlmittel, die mit den
Logikmitteln zurAk-    arriere; kumulation von Impulsen wAhrend des Zeit-
caractbrise en ce quo le systeme est fensters und zum Erzeugen einer
akkumulier-        destine A mesurer la distance entre un golfeur ten
Zahlung verbunden sind; und                    (12) et un poteau (14) situe
sur un terrain de (c) Anzeigemittel zum Anzeigen der akkumu-  35     golf,
ledit retroreflecteur optique (15) etant lierten Zahlung als eine
Abstandsmessung fur       monte sur ledit poteau (14) et ledit emetteur-
den Golfer.                                        recepteur (10) etant
adapte pour etre action- ne par led it golfeur (12); 9. Vorrichtung nach
Anspruch 8, weiterhin enthal-        (v') lesdites impulsions optiques (41)
ont une tend: Schaltmittel, die mit dem optischen Sande-  40  divergence
approximative de 0,05 millira- mittel verbunden sind, um die Aktivierung
des op-     dians; tisches Sendemittels zu ermoglichen, so daB ei-
(v) ledit emetteur-recopteur (10) comprenant ne Abstandsmessung
eingeleitbar ist.                  de plus un boftieren forme de pistolet
portable A la main, Is boitier etant forme de facon A 10. Vorrichtung nach
Anspruch I oder 4, weiterhin  45    avoirune partie principals (17), une
partiefor- enthaltend ein optisches Bandpalfilter, das in        mant
poign~a (16) et une partie formant ca- der NAhe des optisches Empfangers
zur Begren-         non, la partie formant canon ayant un diame- zung der
Lichtverteilung durch Licht vorgesehen       tre approximatif de 5 cm; ist,
welches nicht die gleiche WellenlAnge wie die   (vi) ledit module
electronique (21) se trouvant gesendeten Impulse aufweist.               50
dans la partie principale (17) dudit bofltier et le systeme optique (22) se
trouvant dans la par- tie dudit bottler formant canon; Revendlcations
(vii) lesdits moyens formant recepteuroptique (31, 32, 33, 43, 45) as
trouvant avec les 1. Systeme pour mesurer la distance a un objet,  55
moyens formant emetteuroptique (27,36,37, comprenant un retroreflecteur
optique (15) et un      40,42) A l'interieur de la partie formant canon,
emetteur-recepteur (10); ledit emetteur-recep-       ladite partie formant
canon ayant un tube (30) tour (10) comprenant:
de section transversale circulaire ayant une a    15                   EP 0
541584 B1                        II   1   11111 11111 II Is ! extremit6
avant et une extremite arriere, les-     dit emetteur optique comprend: 



dits moyens formant recepteur optique (31,            (a) des moyens
formantoscillateur pourghn6- 32,33,43,45) comprenant un miroir (32) et un
rer des impulsions a un premier taux de r6p6- capteur (33), ledit miroir
(32) etant situe A 'in-    tition; terieur dudit tube (30) A ladite
extremit6 arrie-   5  (b) des moyens formant diode d'emetteur re pour
recueillir et diriger la lumiere incidents    pour convertir I'energie
6lectrique en impul- vers ledit capteur (33), ledit capteur (33) etant
sions optiques; et flxe A I'arriere desdits moyens formant emet-        (c)
des moyens de commands de circuit tam- teur (27, 36, 37, 40, 42); et
pon couples auxdits moyens d'oscillateur et (viii) lesdits moyens de
synchronisation (24,  lo     couples auxdits moyens formant diode 45,58,90)
comprenant de plus un differentia-          d'emetteur pour commander
ladite diode au- teur (45), ledit diff6rentiateur generant une         dit
premier taux de repetition. pluralite de signaux de contr6le (60,61,63) in-
diquantchaque position de front de la pluralite  7. Dispositifselon
larevendication 1,danslequelle- des fronts avant et arriere de l'onde en
cr4-   I5  dit recepteur optique comprend: neau, le differentiateur
generant les signaux        (a) des moyens formant capteur pour conver- de
controle (60, 61, 63) en reponse au signal         tirles impulsions
optiques incidentes en un si- d'impulsion detecte (65) genere par les
gnal electrique remu; et moyens formant recepteur optique, permet-
(b) des moyens de traitement du signal pour tant ainsi d'accomplir la
mesure de distance   20     amplifier et differentier ledit signal
electrique en enregistrant un d6lai temporal entre Is            requ et
pour generer des signaux de controls front avant (62) de l'onde
d'impulsions emise        logiques indicatifs des fronts desdites impul-
(41) et le signal de controle (61) genere en re-      sions optiques. ponse
A la detection du mime front avant (65) du signal reflechi (59).
25   8. Dispositif selon la revendication 1, dans lequel lesdits moyens de
synchronisation comprennent: 2. Dispositif selon la revendication 1, dens
lequel le-     (a) des moyens logiques pour definir une fe- dit
emetteur-recepteur comprend de plus:                 netre de
synchronisation, ladite fenetre de des moyens formant telescope pour
recueillir et          synchronisation s'6tendant du front avant de
concentrer la lumiere incidents sur ledit capteur.  3o   l'une desdites
impulsions optiques emises au front avant detect6 de l'impulsion optique
re- 3. Dispositif selon la revendication 2, dans lequel le-     tournbe
pour le ricepteur correspondant; dit telescope comprend de plus:
(b) des moyens formant comptour couples (a) un systeme optique incluant un
tube A cou-        auxdits moyens logiques pour accumuler lea pe
transversale circulaire ayant une extremite  35    impulsions pendant
ladite fenetre de synchro- avant et une extremite arribre;
nisation et pourgenererun compte accumule; (b) un miroir situe A
l'interieur dudit tube A la-    et dite extremitb arriere pour recueillir
et diriger     (c) des moysns d'affichage pour afficher ledit la lumiere
incidents vers une cible; et               compte accumule en tant que
mesure de la (c) des moyens formantsupportde capteur s-   40       distance
pour ledit golfeur. tues sur ladite cible pour maintenir et position- ner
ledit capteur.                             9. Dispositif salon la
revendication 8, comprenant de plus des moyens formant interrupteur couplis
4. Dispositifselon la revendication 3, dans lequel le-   auxdits moyens
formant emetteur optique pour dit systeme optique comprend de plus des   45
permettre l'activation desdits moyens formant moyens formant support de
diode d'emetteur,           emetteur optique pour initier une mesure de
dis- concentriques avec lesdits moyens formant sup-        tance. port de
capteur pour positionner une diode d'emetteur A proximite de ladite
extremite avant.  10. Dispositif salon la revendication I ou la revendi- 50
cation 4, incluant de plus un filtre passe-bande 5. Dispositifselon la
revendication 3, dans lequel le-   optique situe A proximite dudit
ricepteur optique dit systeme optique comprend de plus des
pour limiter la contribution de lumibre par la lu- moyens formant
collimateur situes A l'interieur       miere qui n'est pas de la meme
longueur d'onde dudit tube A proximit6 de ladite extremite avant      qus
les impulsions emises. pour reduire la tolerance de deviation par rapport
ss A l'axe A trois degres ou moins. 6. Dispositifselon la revendication 1,
dans lequel le- 9    


