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Abstract : A method of improving the accuracy of laser pulse range finding from =10 m to +1 m inexpendvely

by meansof time scae up is described. Time scae up can stretch the entire flight time by a factor of 1 000 and

then the stretched result is counted to caculate the distance. The use of this technigue decreases the resolution of

oounting from nanosecond to microsecond , therefore a sparate counting ostillator followed by an interpolation op-

eration is unnecessary. This technique can improve the accuracy of laser pulse range finding inexpensvely and ef-

fectively.
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L aser based distance and range measuring equip-
ments have been used for a number of yearsto provide
extremely accurate distance measurements for a re-
mote target or object. For a highly accurate and reli-
able device, its great distance ranging cgpability and
inherent complexity are trandated into a cos and
form factor most suitable only for certain gecific ap-
plications. Perhaps there is a need for a laser based
range finder of more limited range, which can be eco-
nomically manufactured as a rugged , compact unit to
provide accurate distance measurement cgpabilities in
other less stringent typesof applications.

Laser pulse range finding systems measure the
distance by counting the flight time of laser pulse,
i.e.

d= > ct = 5 Cn

where disthe distance that is measured, cisthe ve

1 1 _Z:_ (1)

locity of light, t istheflight time, n isthe number
of timing sgnas counted by timer during the flight
time and f isthe frequency of the ocillator.

Normal timer and ocillator with a 30 MHz fre
guency can be used when the reslution of measure-
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ment is not high (£5 mor £10 m). However , if
the reolutionis +1 m, it is concluded from Eq. (1)
that

_1 1 1
Ad—zdkt—chAn. (2)

If the counting errorA nis +1, the resdlution of the
timer must not be lessthan 6. 67 nsand the frequency
of the odillator must not be less than 150 M Hz!.
Not only isit difficult to desgn such a reliable oxtilla
tor and timer with 0 high an operating frequency ,
but do the cost is too high to desgn them. A
method therefore is described herein to rewlve the
problem disclosed above.

1 Time Scale Up

1.1 Principle of Time Scale Up
Time scale-up is to amplify the flight time pro-
portionaly , we have

1.1 1_1 1

d=Za=%cy=2¢m " (3)
where M isthe amplification of theflight time, i.e.
M = T/ t. As gated above,

1 1
chAn, (4)
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ifAnis 1, andA dis £1 m, the operating fre-
guencies f are reduced to 150/ M M Hz. If the ampli-
fication M is 1000, f equas 150 kHz. Norma
timers and ocillators can meet it.

Asa component used to store energy (Fig. 1) ,
the capacitor Cis charged when the K; ison and the
Kz is off. The longer the capacitor is charged, the
higher the voltage on its podtive plate. And the ca
pacitor is discharged when the K isoff and the Kz is
on. The discharging time is the time T counted by

the timer.
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Fig.1 The principle of time scaleup

Shown in Fig. 2 are three curvesof the capacitor

at different charging times. Correponding to these
charging times, ti, t, and ts, the discharging times
are T1, T, and T3 regectively. The capacitor is
charged with a relatively large current , and then dis
charged with a smdl current gpplied over the entire
flight time. The entire flight time is esentidly
stretched by afactor of 1 000 and then the stretched
result is counted. By charging the capacitor at afast
rate and discharging at a dow rate, the flight timeis
expanded 9 that a dower timer can count it accurate
lyt2!.,
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- Fig.2 Curves of charging and discharging
1.2 Linearity of Charging and Discharging

In order to keep a constant amplification corre-

gonding to different charging times, the capacitor
must be charged and discharged linearly or approxi-
mately linearly. But the cgpacitor in Fig.1 is charged
and discharged according to exponentia law , there-
fore, we can only cope with the charging and dis
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charging as linear ones under a certain condition.
The charging voltage and the discharging voltage
on the postive plate of the capacitor are given by

UC:JC‘I ldt, (5)

U'C:UC-JC‘J' I'dT, (6)

where | and I' are the charging current and the dis
charging current repectively. If | and I' are con-
gants, Egs. (5) (6) can be smplified to U= It/ C
and U. = U.- I' T/ C. Two trandstors working in
the amplification region can be used as these two con-
stant current sources®!.
1.3 Calculation of the Amplification of Discharg
ing Time

It is obvious that the dope of charging curve is
k=U¢ t =1/ C; and the dope of discharging curve
isk =(Ut- U/ T=- 1" C. On the assumption
that the origina voltage on the postive plate of the
capacitor is equal to the termina discharging voltage
and both are zero volts, we conclude from Egs. (5)
(6) that

T_0-Uck 1L
t Us K I'T

Thus, the amplification of the charging time is
equa to the ratio between the charging current and
discharging current actualy. If I/ I' is1 000, then t
is expanded 1 000 times and the reslution of the in
srument is shrunk 1 000 times. The timer has a
1.5 ms relution and, because the flight time has
been expanded by afactor of 1 000 on the input sde
to the timing section, it is the equivalent of a 1.5 ns
replution , which correponds to a measurement reso-
lution 1 m for the laser range finding system.
1.4 Calculate the Distance

The curve of charging and discharging is OT,B
when the distance measuredis d; andis OTs A when
the distance measured is dp (shown in Fig. 2). It is
easy to demonstrate that

Ot tT _ t3 T3
Ot; t3T3 and dz = dy tr To' (7)

Then we can get d, according to Eg. (7) by
caibrating di, tz T, and measuring ts Ts.
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2 Actual Feasibility

All of the fixed errors can be deleted from the
measurements, and only the random factors can afect
the accuracy of the measurements. Therefore, we
must choose the constant current ources with high
stability during the desgnation. The parameters of
the capacitor should keep stable, too. And it should
have a good ability of charging and discharging and a
small insulation current!*!,

2.1 The Beginning of Charging Voltage and the
End of Discharging Voltage

Infact , neither the origina voltage nor the ter-
mina voltage on the podtive plate of the capacitor is
zero. It can degrade the uncertain factors around the
zero point. In addition, the origina voltage of charg-
ing is not equal to the termina voltage of discharging.

The capacitor hasits negative plate grounded and
its podtive plate connected to the charging circuit and
the discharging circuit aswell asto the® +” termina
of a comparator. Under the reset condition the volt-
age at the top plate of the capacitor is clamped to a
voltage V. equa to 1.0 V. A voltage V. equa to
0.9 V isdefined as the voltage at the* - " input of
the comparator. The cgpacitor is unclamped while the
laser pulse is emitted, and the timer begins to count
when the cgpacitor is charged. As the echo pulse is
detected by the laser receiving diode, the charging
circuit is off and the cgpacitor begins to discharge,
because the discharging circuit is always on. When
V1 isdischarged beow V, and the comparator output
changes state to turn off the timer.

2.2 Moadification to the Formula for Calculating
the Digtance

Equation (7) is available only when the origina
voltage of charging equals the terminal voltage of dis
charging and both of them equal zero. But neither of
these two conditions can be satified actually. There-
fore, we must modify Eq. (7) asfollows:

There is gill a discharging time To, when
the measured distance is zero, i. e. the time it takes
for capacitor to dischargefrom 1.0V t0 0.9 V.
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The time counted by the timer is ( To + T)
when the measured distance is not zero. The T can
be used to caculate the measured distance through
Eq. (7).

Consequently , we used the three discharging
times as the origina data to cdculate the distance in
the desgn.

To: The discharging time correponding to the
zero distance, or the zero calibration time.

Tc: The discharging time corregponding to the
fixed digtance, or the fixed pulse width cdlibration
time.

T: The discharging time corregponding to the
measured distance.

Hence, Eq. (7) can be modified as

L T- T
D=d— . (8)
where d isthe disance when T equas Tcand D is

the measured distance.

3 Resultsand Discussion

There are four charging and discharging curves
in Fig. 3. It is apparent that the charging time is ©
short relative to the discharging time that it can beig-
nored. And the discharging curves are dmost para-
ld. In addition, the higher the voltage, the longer
the discharging time. Therefore, it is concluded that
the time scade up is available.

500 750 1000 1250 1500
tus

Fg.3 Waveform of charging and discharging
Inorder to dmulate the disturbancefrom the ee-
ments, we check the discharging time by usng three
transstorsof the same mode as discharging constant
current ources. The results are shown in Tab. 1.
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Tab.1 Edgimation for transisors o the same mode in
the discharging circuit

TUs
tius ] ] ]
tranggtor 1 tranggtor 2 trandgtor 3

0 30.0 30.0 30.0
0.25 241.5 241.5 240.0
0.75 615.0 607.5 615.0
1. 00 804.0 807.0 813.0
2.00 1441.0 1447.5 1468.5
3.00 1990.5 1993.5 2 005.5
4.00 2457.0 2 466.0 2 479.5
5.00 2 860. 5 2 868.0 2 890.5
6. 00 3214.5 3241.5 3247.5
6. 60 3418.5 3430.5 3457.5

It is demongtrated that , firstly , as the charging
time increases, the amplification of the discharging
time decreases monotonicaly ; secondly , the discharg-
ing time is amost stable corregponding to a certain
trangstors. Moreover , we a0 get the same conclu-
son when we use other kinds of transstors. Thus it
can be sen that the amplification should be main-
tained by modifying the discharging time based on the
zero calibration time Tgand thefixed width pulse cal-
ibration time T.. We ado conclude from the experi-
ment that the discharging times corresponding to the
same kind of trand stor differed not much. Thisisthe
prerequidte for modifying the discharging time.

4 Conclusion

Maintain the charging current at milliamp level
and the discharging current at microamp level to

1 000
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make their ratio near 1 000. Choose a cgpacitor with
good ability of charging and discharging. It may not
be saturated when charged for 6. 6 ms. Thusthe res
olution of the timer is reduced to microsecond level
from nanosecond level. Thus we can trandorm a high
reolution measurement into a low relution mea
surement without changing the accuracy of the result.
Therefore the resolution of instrument is reduced
1 000 times.

In the laser pulse range finding system, because
of the unavoidable afection from the elements, it is
necessary and accessble to build up a lookup table to
modify the measured results.

As dated above, it may be inexpendvely pro-
duced and provides highly accurate range measure-
mentsof up to 1 000 m or more with a reolution of
lessthan 1 m.
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