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Doppler signal processing based on mixed convolutional
window six spectral lines

ZHAO Chen-xi,ZHANG Da

(College of Automation and Electronic Engineering, Qingdao University of Science and Technology , Qingdao 266000, China)

Abstract ; In the process of signal processing in the laser Doppler velocity measurement system , the fast Fourier trans-
form is usually used to extract the Doppler frequency shift and calculate the motion speed of the measured object. Due
to the influence of spectrum leakage and barrier effect,the measurement accuracy can be reduced. In this paper,a hy-
brid convolution window function with a four-term Nuttall window and a five-term Rife Vincent window combined with
an improved six spectral line interpolation algorithm is proposed to reduce the effects of spectrum leakage and barrier
effects,so as to improve the accuracy of laser Doppler signal processing. A dual-beam backscattering differential laser
Doppler velocimetry platform is built, and the minimum relative error measured with this hybrid convolution window
with the addition of Gaussian white noise with Ry, = — 10 dB is 0. 0027 % by simulation and real measurements,
whereas the minimum relative errors measured using the two single window functions are 0.0103 % and 0. 0461 % ,
respectively. Thus , the effectiveness of this method is verified.
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Tab. 1 Main lobe width and side lobe characteristics
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Four Nuttall -93.7 18
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S P35 Nuttall %7 . 7950 Rife-Vincent 1 , P4 3 S BIAEAGATRN 5 950305 FEL P , X 20 41 5 25 b
Nuttall % 1 FC30 Rife-Vincent i (IR A BUAHEAT (5 50647 = FhO7 35 WO BRI b B0 SRBE Ry
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Tab. 2 Precision of frequency detection in low frequency range

i 1 2 3 4 5 6 7 8 9 10
Frequency/kHz 60 120 180 240 300 360 420 480 540 600
Method 1 0. 141 0.202 0.291 0.521 0.274 0. 542 0.268 0. 565 0.514 0.742
Method 2 0.0341 0. 0575 0. 0668 0. 1151 0. 0660 0.1130 0.0651 0. 1105 0. 0660 0. 1081
Method 3 0. 00308 0. 00580 0. 00962 0. 00784 0. 00924 0. 00814 0.01082 0. 00774 0.01241 | 0.01062
I 11 12 13 14 15 16 17 18 19 20
Frequency/kHz 660 720 780 840 900 960 1020 1080 1140 1200
Method 1 0. 884 0. 862 0.843 0. 580 0.593 0.586 0. 642 0. 689 0.753 0. 641
Method 2 0. 0649 0. 0672 0. 0662 0. 0542 0.0771 0. 0862 0. 0584 0. 0694 0.0713 0. 0806
Method 3 0.01274 0. 00934 0. 00726 0. 00725 0.01411 0. 00768 0. 00753 0. 00724 0.00768 | 0.00736

£33 HAELEAMERN R

Tab. 3 Precision of frequency detection in high frequency range

Ui 1 2 3 4 5 6 7 8 9 10
Frequency/GHz 60 120 180 240 300 360 420 480 540 600
Method1 352.451 501. 895 750. 605 537. 600 884. 430 597. 694 898. 654 630. 234 973.952 | 602. 841
Method2 85. 654 101. 894 111.923 118. 159 236. 547 178.982 194. 654 108. 687 268.091 | 208. 086
Method3 5.452 11. 462 11.952 12. 265 28.621 18.324 29. 495 15.795 28.671 16. 591
95 11 12 13 14 15 16 17 18 19 20
Frequency/GHz 660 720 780 840 900 960 1020 1080 1140 1200
Methodl 917.610 811.984 1289. 650 805. 892 902. 982 630. 365 973. 893 917. 671 632.517 | 748.478
Method2 266. 415 157. 351 219. 964 177. 354 247.716 147. 654 146. 982 131. 650 95.562 77. 153
Method3 31.979 19. 067 21.461 27.584 27.963 27.927 18. 660 24. 818 19. 980 26.781
method 1 [ [——methodT ||

103+ method 2 R —+—method 2
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g :
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> e
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Fig. 5 Relative error comparison of frequency detection in low and high frequency range
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H P& S AT R, AR A A 5 AR LA, PO 5T Nuttall
#A FTLI Rife-Vincent B ATR 5 A5 PR B AR A 15 25 22
A% T-PUI Nuttall %5 F1F 70 Rife-Vincent 7 1IRCR

TESE BRI & op, WO 2 55 A S iR AT 1
BN T AR HE R AR LEOE 25 85 5, A Rey
= —10 dB {15 307 MR S IS, 7R AR B A e ALY

N 4351 ] method1 .method2 .method3 $E47AMFE
3 I AE AR iR AU L P, ) 20 4 5720 SRR
ST MO BB, RAEREN 5 MHz, FFT g3
1024 BT U ARSI Y 28 0] 15 22
IAIILER 4 TN S, AR R 22 B SR B 43 )
K6 Frs .

4 MmN Ry =-10dB W& g% 7 5 IR0 B W 4 xR
Tab. 4 Absolute error in low frequency range after adding Gaussian white noise w1th Rs,y = -10 dB
ErRe 1 2 3 4 5 6 7 8 9 10
Frequency/kHz 60 120 180 240 300 360 420 480 540 600
method 1 4. 650 6.982 8. 641 12. 641 15.943 15.520 17. 180 18. 891 21.39%4 23. 862
method2 1.752 3.617 3.985 5. 816 6.931 8. 106 8. 865 10. 105 12. 384 12.976
method3 0. 365 0.532 0. 827 1.238 1.618 1.423 1. 861 2.034 2. 160 2.601
TR 11 12 13 14 15 16 17 18 19 20
Frequency/kHz 660 720 780 840 900 960 1020 1080 1140 1200
method 1 22.677 25.744 28. 641 31.962 33.420 35.713 36.915 38. 621 40. 417 41.509
method2 14. 053 14. 528 14. 216 17.418 19.579 20. 877 22.163 23.762 24.816 26. 004
method3 2.363 2. 682 2. 860 3.192 3.630 3.962 4.538 4.694 5.281 5.611
£S5 MmN Ry = -10dB ghg it 5% % 5 & M B W iR =
Tab.5 Absolute error in high Frequency range after adding Gaussian white noise with Ry, = =10 dB
ERe 1 2 3 4 5 6 7 8 9 10
Frequency/MHz 60 120 180 240 300 360 420 480 540 600
method 1 4.105 6.394 11.941 16. 920 14. 743 18. 562 23.452 22. 651 27. 864 30. 621
method2 2.162 3.584 5.174 6.935 8.361 10. 066 12. 865 12. 368 13.998 15. 080
method3 0.316 0. 756 1.132 1. 491 1.943 2. 065 2.562 3. 056 2.982 2.432
ma 1 12 13 14 15 16 17 18 19 20
Frequency/MHz 660 720 780 840 900 960 1020 1080 1140 1200
method 1 34.357 35.561 36. 500 38. 608 41.513 43.535 44.953 47. 056 49. 020 51. 109
method2 17. 475 18. 623 18.991 20. 654 21. 651 23.195 24.618 25.812 25.167 27.651
method3 3.564 3.961 3.515 3.670 3.742 4. 065 3.832 4. 255 4.920 4.761
—=— method 1 —<— method 1
S method 2 N ) method 2
S 102 +— method 3 | S 107 method 3
2 ! 2
5} | 5
2 { 2
E ! B + r
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g — - :
o Q
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Fig. 6 Relative error comparison of frequency detection in low and high frequency rang white noise with Rgy = —10 dB
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Fig. 7 Laser Doppler experimental device
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Tab. 6 Absolute error of measured signal

e 1 2 3 4 5 6 7 8 9 10
Speed 0.5415 0. 5898 0. 6377 0. 7056 0. 7683 0. 8675 0.9369 0. 9897 1. 0425 1. 0832
methodl | 1.513 x10 =% | 1.826 x 10 =% 2. 190 x 10 =# | 2. 707 x 10 =* | 3. 095 x 10 =* | 3. 665 x 10 ~* [ 3. 188 x 10 ~* [ 3. 368 x 10 = [2.962 x 10 ~*| 2.754 x 10 ~*
method2 [8. 154 x10759.615x1077]9.816 x1075[9.962 x 10 ~* | 1.041 x 10 =* | 1. 198 x 10 =# [ 1.294 x 10 =* [ 1.389 x 10 =* [ 1.265 x 10 =*| 1.215x 10 ~*
method3 | 1.756 x10 =3 [ 1.932 x 10 =3 [ 1.984 x 10 3 [ 1.996 x 10 =5 | 2. 182 x 10 =3 [ 2. 561 x 10 =5 | 2. 705 x 10 =5 | 2. 860 x 10 =5 | 3. 570 x 10 =5 | 3.602 x 10 =3
= 11 12 13 14 15 16 17 18 19 20
Speed 1.1238 1. 1605 1.1972 1. 2492 1.2971 1. 3486 1. 3865 1. 4386 1. 4962 1.5628
methodl [2.831 x10 =% |2.963 x 10 ~*|2.490 x 10 =# | 2.365 x 10 =* | 2. 541 x 10 =* | 2. 687 x 10 =* [ 2. 880 x 10 ~* [ 3. 192 x 10 =* 3. 462 x 10 ~*| 3.685 x 10 ~*
method2 [ 1. 168 x10 =% | 1.435x10 =% | 1.481 x 10 =* | 1. 575 x 10 =* | 1. 756 x 10 =* | 1..856 x 10 =* [ 1. 985 x 10 =* [ 2. 384 x 10 = 2. 600 x 10 ~*| 2.970 x 10 ~*
method3 [ 4.354 x10 73 [4.611 x10 73 [4.723 x 10 7 [4.762 x 10 75 | 4. 814 x 10 =5 [4. 895 x 10 =5 |4.935 x 10 75| 5. 023 x 10 =5 |5.091 x 10 75 | 5.164 x 105

metho |
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Fig. 8 Comparison of relative errors of speed
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