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Fig.1 Schematic diagram of phase laser ranging
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Fig.2 Diagram of all phase FFT phase discrimination (N=4)
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phase discrimination system
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Fig.12 Experimental system of phase laser ranging
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Fig.13 Phase discrimination results comparison diagram with Kalman
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i} apFFT %5 AH 1% 2% I 3 M [l ¢ — kal”hy Kalman 9§
Jii apFFT %5 AH R 22 % 8 [, 1 — d°& Kalman 38 % f5
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Tab.1 Data analysis of measurement results at

different distances

Dim  u—¢/(°) ¢—ap/(°) ¢—kal/(°) pu-d/m Ad/mm §—d/mm

0.0 171.8601 0.21780 0.05574 0.356259 - 0.11555
0.2 268.2047 0.25124 0.04725 0.199719 0.28023 0.09795

0.4 4.533498 0.27785 0.04254 0.399727 0.27323 0.08818
0.6 101.2449 0.25692 0.04913 0.599887 0.11371 0.10184
0.8 197.8399 0.29403 0.05144 0.800124 0.12428 0.10663
1.0 294.0479 0.25588 0.04911 0.999731 0.26927 0.10179
1.2 30.52941 0.29923 0.04827 1.199764 0.23553 0.10007
1.4 127.2845 0.27942 0.03649 1.400134 0.13398 0.07564
1.6 223.8424 0.24556 0.03419 1.600286 0.28568 0.07089
1.8 320.1168 0.28015 0.03588 1.799869 0.13055 0.07438
2.0 56.70188 0.29687 0.05485 2.000187 0.18671 0.11369

Mean

0.26863  0.04590 -
value

0.20332 0.09515

1% 1 AT, 55 TEE e A Y S ARG B AH HE, Kalman
TE VG RE S B E PR T apFFT AR EE . M5 5 H
AT R 201 MHz B, BN R Ry 0.746 m, 0 B A B v
i5 0.20 mms,

Xof HbSCHR [12]. SCHk [11] A Sk [7] H Brfil Y
Y AHTT VR, S0 A JC B X gk 2 iR . R LA
sub-DFT /R ZORAE GG /3 0T S84 1%, Nyq-DFT /R 4%
25 WP R R BRI A3 M SEAH 1, Nyq-apFFT 678 4% 45 #ir
KA ML FFT A7, sub-apFFT 3R KR RE 44
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Tab.2 Comparison of relevant data from references

The method f/MHz @/(°) d/mm
sub-DFT!"? 80 0.133 0.68
Nyq-DFT!! 100 0.1 0.4

Nyg-apFFT!"! 100 0.09 0.38
sub-apFFT 201 0.023 0.20

i FFT S A0 o fOR IR, o SN L, d o il
RS

P 2 AT, R T 90 L SRS 2 AE L, B
AR A R, S RERG E e 5 7R AR RRAE DT T
R AR R [ 5 B, A AL FET SEAHTE 09 S ARG B
TGS SEARTE o 1 2 AOEE X L AT ], sub-apFFT
A SRR B2 S D0 T i =07 12, 107 SR BE AT AR =
AR OGN 2R S8 A0 A 2

5 & i

SCHVE ST AR RO ) i B A R
IR S UE 1) R RKE apFFT YA R B, 38 5 {5 M T
ANTRLRAF A 2 FA [R5 A5 ) 0 S AP RE, LT
T IR | R RS | A4 ORI DA R 2R
TS ARTERE . D7 LA W, JORHME apFFT 7419 4
HRE BE Y00 FAL 58 FRT M . 1605 B2 i =L il
b WD T RORAESEAR LR, o B AT T S A M R g
TIE S 56 RN OGN B 46 UE 5256 . S AR R BE S B0 45 SR K
A: apFFT Wk A2 008 AW A% . o 0T 11 4R 75 R0 Tl i8¢ AR o7 25
(B M5/, T 52 900,049 1 S RS 2 , IOt fiF 52
48 B JEARITR hy 201 MHz B, 0 0K B 7T 3k
0.20 mm, /K 2 Y8 I GE % 1 2 $2 5 apFFT (1 45 AH AR
FEFE . U LB ES SRR, JE TR R 2 U I KOR A
apFFT S50 HLA R 45 1 S A 1 R, 70 X 42 i A v =X
PO BE 2R G 0 BRSBTS N R A (L

S 3k
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Abstract:
Objective  The ranging accuracy is one of the important indicators that characterize the performance of phase-
based laser ranging systems. The improvement of ranging accuracy is mainly achieved by improving modulation
frequency and phase discrimination accuracy. If the modulation frequency is too high, meeting the high sampling
frequency required for Nyquist sampling will result in high requirements for ADC hardware and increase system
design costs. The traditional differential frequency phase detection method has complex circuit design, which can
easily lead to the loss of signal frequency, phase and other information during the mixing process. Due to direct
sampling of high-frequency signals, undersampling technology can maximize the retention of the original phase
information of the signal, with simple circuit design and low hardware costs. In digital phase detection, spectrum
leakage is a prominent drawback of traditional spectrum analysis, and the degree of spectrum leakage directly
affects the accuracy of phase detection. All-phase FFT (apFFT) has "phase invariance", which can effectively
suppress spectrum leakage and improve phase detection accuracy. In the actual measurement process, it is
unavoidable to produce Gaussian white noise that affects the stability of the measurement results. Kalman
filtering algorithm is a recursive time-domain filtering algorithm that meets the minimum mean square error
estimation, and can effectively remove the Gaussian white noise generated in the measurement process. In order
to improve the ranging accuracy, this paper proposes an undersampling all-phase FFT phase detection method

based on Kalman filtering.

Methods
undersampling apFFT phase detection based on Kalman filter (Fig.3), and analyzes the phase detection

This paper first introduces the principle of phase laser ranging (Fig.1) and the principle of

performance under different sampling frequencies and signal frequencies (Fig.5) through simulation, as well as
the phase detection performance under the influence of Gaussian white noise, frequency shift, stray frequency,
harmonics and other factors (Fig.6). On the basis of simulation analysis, an undersampling phase detection circuit
(Fig.9) was developed based on the FPGA chip of XC7K325T-1FFG676C model and the AD9250-170 chip.
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and Electronic Engineering, 2012, 10(6): 725-729. (in Chinese)
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Phase detection performance verification experiments and laser ranging verification experiments were conducted,

respectively (Fig.12).

Results and Discussions The simulation results show that undersampling does not affect the phase detection
accuracy (Fig.4). The ability of noise resistance and overcoming frequency offset of the undersampling apFFT
method are significantly better than those of the undersampling FFT method (Fig.7). The phase detection accuracy
of the undersampling apFFT method is + 0.012°, and the phase detection accuracy of the undersampling apFFT
method is better than that of the FFT method (Fig.8). The experimental results of phase discrimination
performance show that the undersampling apFFT method has better noise resistance and anti-interference ability
than the FFT method (Fig.10), and the phase discrimination accuracy of the undersampling apFFT method is
better than 0.04° (Fig.11). The experimental data of the laser ranging system shows that the phase discrimination
accuracy of apFFT is 0.134° without Kalman filtering, and 0.023° after filtering. The phase discrimination
accuracy has been improved by 82.84% (Tab.l), and Kalman filtering can significantly improve the phase
discrimination stability of apFFT (Fig.13). When the modulation frequency is 201 MHz, the ranging accuracy can

reach 0.20 mm, achieving submillimeter precision ranging.

Conclusions In order to improve the ranging accuracy, a phase detection circuit was designed using

undersampling method and all-phase FFT algorithm, and Kalman filtering was used to improve the stability of the
measurement data. According to the principle of phase detection, the phase detection accuracy under different
sampling frequencies and signal frequencies is simulated and analyzed, and the phase detection performance of
FFT phase detection method based on undersampling and apFFT phase detection method under the influence of
Gaussian white noise, frequency offset and other factors is compared. The simulation results show that
undersampling does not affect the phase detection accuracy, and the phase detection accuracy of the
undersampling apFFT method is better than that of the undersampling FFT method. Experimental verification of
phase discrimination performance was conducted, and the experimental data showed that when the sampling
frequency was 100 MHz and the signal modulation frequency was 201 MHz, the phase discrimination accuracy of
apFFT was 0.134°. After Kalman filtering, the phase discrimination accuracy was better than 0.023°, and the
ranging accuracy could reach 0.20 mm. Therefore, the undersampling apFFT phase detection method based on
Kalman filtering has the advantages of high accuracy and strong anti-interference ability, and has important

application value in phase laser ranging systems.

Key words: phase laser ranging;  digital phase discrimination;  undersampling;  all-phase FFT;

Kalman filtering
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