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Abstract
This paper presents a technique to improve the performance 
of laser phase-shift range finders. The phase measurement is 
performed by using a new method to extract the phase-shift 
data from the peak of received and transmitted intermediate 
frequency signal amplitudes. The pulse width modulation is 
used to minimize the noise effect and enhance the signal 
amplitude measurement. The advantages of proposed system 
over others are its ability of proper isolation, which reduces
crosstalk, and independency of frequency thermal drift. 
Theoretical calculations and experimental results have 
shown the accuracy better than mm2 over measuring 
distance range of .1633.0 mm 
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1. Introduction
Laser range finders are suited for industrial applications and 
the systems based on semiconductor laser diodes are 
supposed to be rather common because their performances, 
small size, easy to drive and inexpensive. The measurement 
of the phase-shift between the transmitted and received 
signals that is combined with heterodyne technique is well 
adapted to medium range distance measurement, but is 
limited by the crosstalk occurring between the emitting and 
receiving circuits [1-5] and the frequency thermal drift. The 
presented method is a solution to improve the performance 
of laser range finders.

2. Basic principles modified phase-shift 
measurement method
The basic operation of laser phase-shift range finder is based 
on amplitude sine-wave modulation of laser intensity and 
conversion of the flight time due to propagation into phase-
shift. If 0f  is the modulation frequency, the measured 

phase-shift ,  between the optical signal reflected from the 

target and the reference signal emitted by the laser diode, 
permit the determination of distance ,d  according to 
following relationship [1]:
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It is important to have a good resolution for the phase 
measurement which may be achieved by heterodyne phase 
detection technique. By using the heterodyne technique, the 
phase-shift can be written as ,/2 IFX TT   where IFT is 

the period of intermediate frequency signal and XT is the 
time corresponding to high pulse width of rectangular wave 
train that is obtained at the output of phase-shift detector 
circuit. So the distance to the target d  can be determined by 
the expression [2]:

IF

X

T

T
d

2
0 (2)

The accuracy in the phase-shift measurement is affected 
by several factors such as the crosstalk effect, the accuracy 
and stability of signal frequency of laser diode driver, the 
local frequency and the clock pulse frequency of the phase 
detector counter. We present a different method for phase-
shift measurement so that the sensitivity to called parameters 
will be minimized. In order to describe our method, we 
express the signal of the laser diode driver as:
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where 1K and 0  are the amplitude and angular frequency of 

the laser diode driver signal, respectively, and 1  is its 

initial phase. The received signal after passing through an 
AGC circuit can be expressed as:
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where 2K and 0  are the amplitude and angular frequency 

of the received signal and 2 is its initial phase. We define 

the local frequency by the following expression:

 003 )(cos)(   tKtS IFL (5)

where IF is the intermediate angular frequency and 3K , 0
and 0 indicate similar parameter defined above.               

Multiplying the local frequency by the signal of laser diode 
driver and the received signal, and rearranging the results, 
leads to following equation: 
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A multiplier IC can be used to multiply these signals. 
With the low pass filtering of these signals, the output of low 
pass filter can be expressed as: 
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Where K and 'K  correspond to 31KK  and 32 KK , 
respectively. We use a peak detector circuit to extract the 
peak amplitudes of signals that contain the phase data. In
section 3.2, we introduce a new technique that make signal 

amplitude measurement independent of K and .'K The 
amounts of )( 01   and )( 02   are measured in 
processing unit. Finally, the phase-shift that corresponds to 
the propagation of laser beam, can be calculated.

3. Design of modified laser phase-shift 
range finder
Fig.1 shows the main parts of the modified laser range 
finder. The system is composed of four main blocks that 
each of them will be described as follow.

Fig. 1: The block diagram of the modified laser range finder.

3.1. The unites of emission, receiver and oscillation

The first block is composed of three main electrically 
isolated units. The laser diode amplitude is modulated by a 
sine-wave signal with frequency of ,230 kHz so the 
unambiguous range with respect to frequency of modulation 
is about m163 . The amplitude modulation index is given 
about %2  to decrease the crosstalk effect. The main device 

in oscillation unit is a MHz240.66 crystal oscillator that is 
thermally compensated. We use the divider circuits to 
produce kHz230 and Hz207  frequencies that are the 
frequencies of the laser diode driver and the intermediate 
signal, respectively. A multiplier IC is used to mix the main 
harmonics of mentioned frequencies and produce the local 
frequencies. The block diagram of emission and oscillation 
units is shown in Fig.2.

Fig. 2:  The block diagram of emission and oscillation units.

The block diagram of the receiver unit is illustrated in 
Fig.3. The receiver’s Front-End is a transimpedance 
amplifier with MHz5.1 bandwidth [6,7]. The Front-End 
converts the incident modulated laser beam to an electrical 
signal. The detected signal passes through a preamp circuit 
and after band pass filtering enters to an AGC circuit. The 
crosstalk between the transmitter and the receiver circuits is 
the main limitation factor that doesn’t permit an accurate 
predication of the phase-shift measurement. Hence in order 
to minimize the crosstalk effect, it is necessary to isolate 
receiver and transmitter circuits. We convert the reference 
and received signals to square wave signals with passing 
them through a limiter circuit. These signals then pass 
through TTL compatible optocouplers before transferring to 
other units. The experimental results show considerable 
decrease in crosstalk effect. The block diagram of the 
receiver circuit is shown in Fig.3.

Fig. 3:  The block diagram of the receiver unit.

3.2. The heterodyne method and independency from
environmental conditions

In order to have a good resolution for the phase-shift 
measurement, it is necessary to use the heterodyne phase 
detection technique. In this technique each of transmitted 
and received signals, which are converted to square wave 
signals, are mixed with a local signal. The frequency of local 
signal is )( IF  and is obtained by mixing of reference 
and intermediate signals in the oscillation unit (see Fig.2). 



After low pass filtering the outputs of mixers (as illustrate in 
Fig.4), we will obtain signals with intermediate frequency 
based on (8) and (9). The amplitudes of these intermediate 
signals contain the phase data that should be extracted and 
processed. The equations (8) and (9) indicate that the 
amplitude of measured signal should be independent of 

K and .'K  Fig.4 shows the proposed configuration to 
eliminate the measured phase dependency on the above 
parameters.

Fig. 4:  The modified heterodyne technique.

In the proposed configuration, when the analog 
switch 2S is activated, the local signal will be mixed with 
reference signal. In this case, after low pass filtering the 
resulting signal at IFf frequency, the intermediate signal can 
be written as:

)cos()cos( 011
tKGS IFLPFIF   (10)

where LPFG  is the gain of active low pass filter. In the same 

way, if switch 1S is activated, we will obtain the following 

signal:  

)cos()90cos( 012
tKGS IFLPFIF   (11)

In recent case, the reference signal passes initially 

through a unity gain 90 phase-shifter, before mixing with 
local signal. In either of the above cases, the amplitude of 
intermediate frequency is measured. By dividing the
measured signal amplitudes to each other, we will have 

)( 01  tg  that is independent from K  and LPFG

parameters. In similar way, by activating 3S and 4S analog

switches, we will have ).( 02  tg Finally the amount of 

phase-shift )( 12   can be calculated in processing unit. 
This method is a way to independency from environmental 
conditions in phase-shift measurement. We use an active all 

pass filter to implement a unity gain 90  phase-shifter. It 
must be noticed that in this method, the unique phase-shift 

measurement is limited to ,90  so the no ambiguity range is
restricted to 8/0

3.3. The Pulse Width Modulation for phase-shift data
extraction

In this section, we describe designed circuit for phase-
shift extraction. As referred in the previous section, in the 
design, the peak amplitude of intermediate signal would 
contain the phase-shift data, so a peak detector is used to 
measure its value. We use a fast RMS to DC converter to 
implement this circuit. The output of this circuit is linearly 
proportional to the peak of sinusoidal intermediate 
frequency signal. In order to achieve an accurate DC signal 
measurement and minimize the noise effects, we use the 
PWM modulation. The block diagram of Fig.5 shows the 
structure of the designed circuit for accurate DC signal 
measurement.

Fig. 5:  The block diagram of the designed circuit for accurate DC 
signal measurement.

As shown in Fig.5, the amplitude of a triangular wave 
signal is adjusted to a desired level and compared with a DC 
signal in a fast comparator circuit. The amplitude of the 
triangular wave signal must be greater than the maximum 
amplitude of DC signals. The outputs of the comparator are 
square wave signals which have duty cycles corresponding 
to the DC signal amplitudes. The typical frequency of the 
triangular wave signal is about ,200Hz  that provides the 
ability of averaging to increase the accuracy in the duty 
cycle measurement. The experimental results show an 
accuracy of V100 in DC signals measurement. Since the 

maximum amplitude of intermediate frequency signal is 
adjusted at ,8V  the V100 accuracy in DC signal 

measurement corresponds to a resolution of mm2  over the 
measuring distance range of .1633.0 mm 

3.4. The processing unit

In this unit, the duty cycles of reference and received 
signals that contain phase-shift data are measured by the
processor. We can express the phase-shift in accordance 
with measured duty cycles as:

)1.2(  DuVV m
(12)

Where mV and Du are the peak amplitude values of 

triangular wave form and measured duty cycle, respectively.
It can be shown that the measured phase-shift is frequency-
independent. This leads to remove the phase error due to the 



frequency thermal drift. The value of phase error due to the 
electronic delay time is constant and can be eliminated by
system calibration. The range finder measures the target 
range relative to a reference range. The accuracy of the 
measurement depends on the accuracy of the reference 
range. If REF is the phase-shift corresponding to the 

reference range ,REFR then the calibrated range is given by 

the equation [5]:
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where c  is the speed of light in vacuum, 0f  is the frequency 

of laser modulation signal, and   is the measured phase-

shift. In the processing unit, the amounts of phase-shift and 
the target range calculated with respect to (12) and (13).

4. The thermal drift error comparison

In the common laser phase-shift range finders, the accuracy 
of phase-shift measurement depends on the accuracy and the 
stability of intermediate frequency, the frequency of laser 
driver signal and the clock pulse of the counter. If we define 

countX NTT  in (2), where countT  and N  are the period of 

counters clock pulse and the number of counted pulses, 
respectively, then (2) can be rewritten as:
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Fig. 6: The diagram of simulated distance measurement error due 
to the difference in thermal drift of crystal frequencies in a distance 
range of .1630 mm 

If we neglect the error due to the thermal drift in ,clockf  the 

total frequency thermal drift can be written as:
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Where 
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are frequency thermal drifts versus temperature in laser 
driver signal and intermediate signal, respectively, and tm
is the temperature stability in the crystal frequency over 

c60  temperature variation range.

The distance measurement error in a distance range of 
,1630 mm  is simulated and shown in Fig.6. In this 

simulation it has been assumed that ppmtm 21  and

)( 12 tmtm  varies from ppm2 to .20 ppm  In addition, the 
frequency of laser driver signal, intermediate frequency and 
the counters clock pulse frequency are taken as

,2471 KHzf  ,200Hzf IF   and ,240.66 MHzfcount 
respectively. It must be noted that the maximum number of 
the clock pulses that is counted with respect to the period of 
intermediate frequency signal and the counters frequency, is 
equal to .123000 The worst-case analysis shows that the 
measured error due to thermal drift in crystals frequencies, 
assuming of ppmtm 21   and ,42 ppmtm  is equal to

,6.19 mm  which is considerable. The new designed system is 
independent of the thermal drift of frequency sources, 
because the amplitudes of the intermediate signal duty 
cycles contain phase-shift data.
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