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Abstract

Traditional laser ranging system has a poor phase measuring accuracy, low anti-jamming capability and
time-consuming measurement. A multi-frequency modulation laser range finder method is proposed in this paper.
System uses phase detection algorithm to calculate the sine of ranging phase for noisy environments, and the
angle is calculated by Coordinate Rotation Digital Computer(CORDIC) angle solver algorithm. When the
sampling frequency is 500MHz, the word length is 16-bits, the SNR is 12dB, the measurement range is 100m,
the phase difference resolution is higher than 0.0213°, and the distance accuracy is 0.10mm. Experiments proved
that the system can meet the need of high-accuracy and low computational complexity.
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1. Introduction

At present, laser range finding system is widely used in the areas of nondestructive testing, machine vision and
intelligent vehicle cruise, etc [1, 2]. Based on the different demands of measurement accuracy and measurement
range in different applications, in order to ensure the ranging accuracy and the range of the ranging system, a
reasonable frequency combination will be needed. Multi-frequency laser modulation phase range finding system
uses multi-frequency to enlarge the range of ranging and improve measurement accuracy, high frequency, high
measurement accuracy; low frequency, large measuring range[3-6]. This paper presents a calculation based on
the coordinate rotation digital computer angle of the laser phase ranging method. Based on FPGA,
a multi frequency laser ranging system has been designed, which has simple hardware structure and the
advantages of high ranging accuracy and low computation. The CORDIC is using the basic add and shift
operations instead of multiplication, using a series of continuous deflections of the fixed angle to approximate
the desired rotation angle.

2. Laser Range Finding System Design
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Figure 1. The theory multi-frequency modulation laser range finding system
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Real time multi-frequency modulation laser range finding system is as shown in Figure 1, the working process
is: DDS generates three sine signals of different frequency, after superposition, conversion and then output
through DA, the output signal modulates the seed, the modulated signal generates the echo signal through
the optical system, then the seed and the echo signal mixing through the lens and become intermediate frequency
signal, after photoelectric conversion of the intermediate frequency signal, three signals with phase delay Ag,,
A@, and Ag; are generated through the three AD conversion and band pass filter, the sine of signal phase delay
can be obtained by mixing the local oscillator, after angle value is calculated by CORDIC operator and transfer
to distance solution of fuzzy module, the ranging distance is calculated eventually.

3. Resolving of the Laser Ranging Signal
3.1 Multi-frequency Modulation Real Time Laser Range Finding
Assuming the emission signal for ranging is:
N
s(t)zg(t)‘zlsin(Zﬂf”t+(p") )

In the equation, N stands for the number of the measuring frequency, f, stands for the frequency of the
measuring signal, ¢, stands for the initial phase, at the same time, f; > f, >...> f,, , g(¢)stands for the time
of the seed. Therefore, the echo signal can be expressed as:

N
s'(O)=A-g(t+Ar)-Y sinQrft+2xf, 2R/ c+¢,+4, +8,) )
n=1
In the equation, Atis the time delay, A is the system-gain, R is the ranging distance, c is the constant speed of
light, ¢, and ¢, are the phase delays of the input signal and the ranging signal. Assuming ¢, +¢, =0, then
the signal after mixing can be expressed as:

N
s"(t):A"Zsin(2ﬂf"t+27rfn~2R/c+¢") 3)
n=1
The normalized signal is:
— N
s"(¢) = Zsin(2n’f"t+2ﬂ'fn ‘2R/c+¢,) @)
n=1

After passing through N band pass filters:
s, =sinr fyt+2xf,-2R/c+¢))

%)
sy =sinr fyt+27f, 2R/ c+ @)
After phase discrimination of the signal in equation (5), the sine of each measuring phase delay can be getting:
arcsin(A¢, ) = arcsin2z f, - 2R/ c) (6)
Ag, =2xf -2R/c @)

3.2 Phase Detection Method

The structure of phase calculating module is shown in Figure 2.
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Figure 2. The theory of phase calculation module

Assuming after passing through the frequency selective filter, the signal becomes:
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u(t) =cos(2z f.t) ®)
Where f, is the frequency of the measuring sinusoidal signal.
The output signal of DDS is:
L(t)=sin(2r f.t + AQ) 9)

In the equation, A¢ is the phase difference between the input signal and the DDS signal, the multiplier output
is:

U)=K, cos2rf tsin(27rf, +Ap) (10)

Where K, is the coefficient of the multiplier, after low pass filter, we can get:
1 .
U,=EKPK,smA¢ (11)

Where K, is the coefficient of the low pass filter. After normalization, arcsine U,, A¢ can be getting.
3.3 Angle Calculating Based On CORDIC

Coordinate Rotation Digital Computer is using the basic add and shift operations instead of multiplication, using
a series of continuous deflections of the fixed angle to approximate the desired rotation angle[7]. In this paper,
the system ranging phase delay can be getting by arcsine CORDIC calculation.

(Xy,Y,) isvector (X,,Y,) rotates@:

J27

X, =Raos(5+06)
=Roos f-cosG—Rsin 3-sin& (12)
=X, cos-Y sind
Similar, Y, =X,sin0+Y, cosd (13)

In matrix way, it can be expressed as:
X, | |cos@ —sind|| X,
Y, | |sin@ cos6 ]|,
1 —tan@|| X,
=cosf .
tand 1 Y,

N
Assuming 6="a,6, , a,is the rotation factor, a, =1 while rotating clockwise, a,=-1 while rotating
n=0

(14)

1

h He R

Then: = ; ; ‘ 5
Y1272 1LY,

Assuming Z is the sum of the phase accumulation parts after i times rotations (disregard multiplication factor),

the equation above can be expressed as:

counterclockwise, let 8, =arctan(2™), thentan8, =27, cos6, =

Xin =X, _aiz_iYi
Yi+1:Yi+ai21Xi (16)
Z., =Z —a arctan2”

When Y, <0, a,=+1;when ¥ >0, q,=-1.

i

After n times of iteration:
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Xﬂ :An VX§+Y02
Y, =0 (17)
Z =Z,+tan"'(Y,/ X,)

Where 4, =TJa/N1+27" (18)

4. Range Finding System Performance Analysis

Assuming the channel of the range finding system is broadband white noise channel, then the system echo signal
is:

U(t) =cos(w,t +Ag)+n(t) (19)
The output of the low pass filter is:

U(t) = %KPKZ sinAg+ K, [n(1)- cos @,0]* h(t) (20)

Let d(t)=(n(t)ecosw.t)*h(t),h(t) is the system function of the low pass filter.
From equation (11) and (20), the phase arcsine error can be expressed:

e=U(t)—Ul=Kpd(t) (21)
Assuming the average value n(¢) is 0, gaussian noise with power spectral density S(@)= N,/2. Then the
physical explanation of the noise item d(¢) in equation (25) is as shown in Figure 3:

d
LPF ©

Figure 3. d(¢) physical explanation

Let x(¢) = n(t)-cos w,t , then the autocorrelation function of x(¢) is[8]:

R(0)=_[ S@r-(6(@-0,)+ 5@+ )Mo

N, ¢
= TO L[&w— @)+ (w+@,)dw (22)
=N,/2
The average value x(¢) is:
1, = E[x(t)] = E[n(1)-cos 0,1]= 0 (23)
h(t) is low pass filter, assuming its frequency response function is:
H(jo)=— 4
IO =Y jore
Then | H(w) |2—; (25)
’ 1+(wRC)’
So the power spectral density S, (@) of d,(¢) is:
N, /2
S, (w)= Hw) [ S (0)=—">"— 26
(@)= H(0)[" S, (o) I+ (@RC) (26)

The average value of d(¢) is:
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U, = E[d(D)]
= E[f h(t —7)x()d7]
=1 H(0)=0
. L N, /2
Thus, the average value of d(¢) is 0, the power spectral density is S,(@w)=—-"—-
1+ (wRC)

mathematical expectation of equation (20) is:

u=EU(1))
= E[K K, sinA¢+K,d(1)]

= E(% K, K, sinAg)+ K, - E(d(1))

1 .
:EK”Kl sinA¢@

Then: A¢ == arcsin 2

p ol

Assuming the phase delay is 77/ 6, the phase delay error under different SNR can be expressed in Figure 4.

Phase Detection Error/®

L L L L L
4 6 8 10 12 14 16 18 20
SNR/db

Figure 4. Phase delay error under different SNR

5. Laser Range Finding Platform Based on FPGA

27

(28)

29)

In this paper, a laser range finding platform based on FPGA has been developed; the core module of the system
adopts the CORDIC IP core of xilinx FPGA. The schematic diagram of Phase detection is as shown in Figure

5.RTL and function simulation diagrams are shown in Figure 6 and Figure 7.

Figure 5. Phase detection algorithm RTL Schematic
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CORDIC
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Elock: U3
Type: CORDIC

Figure 6. CORDIC IP Core instantiations schematics

Figure 7. CORDIC functional simulation results

In this paper, a laser range finding system is designed and accomplished. The system has three frequencies
(1IMHz, 10MHz and 100MHz) generated by DDS as measurement ruler, the measurement range can be 100m. In
this system, the sampling frequency of AD is 500MHz. Assuming the phase difference is 30°, calculation of 16
bit word length, echo signal to noise ratio is 12dB, the average value of multi-measurement phase difference is
30.0217°, and the measurement error is only 0.0217°. Thus, the range finding system has a high performance on
phase ranging accuracy, and satisfies the timely measurement as well.

6. Conclusion

For the complex of detection algorithm, poor real-time performance, low measuring accuracy in laser range
finding system, a multi-frequency phase modulate laser ranging method is developed, design a multi-frequency
laser range finding system based on FPGA. This system adopts phase detection algorithm to calculate the
sinusoidal value of the measurement distance phase difference under noise environment, and then using
CORDIC operator to calculate the measurement distance phase difference. When the sampling frequency is
500MHz, the word length is 16-bits, the SNR is 12dB, the measurement range is 100m, the phase difference
resolution is higher than 0.0217 °, and the distance accuracy is 0.12mm.
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