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Research on signal acquisition and processing of lidar wind

measurement system

Li Guangfu, Nan Gangyang', Pan Dongyang, Bai Xue, Liu Shuai, Sun Zhihui
(Laser Institute, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250103, China)

Abstract: In order to meet the requirements of wind speed measurement in wind field, a high-speed signal
acquisition and processing module of lidar wind measurement system based on FPGA has been developed, which
was responsible for lidar echo signal acquisition, Fast Fourier Transform (FFT) and spectrum data accumulation
and averaging operation. The collected 1 024 point echo data was calculated by flow mode and block floating-
point structure FFT to obtain single spectrum data and 1 024 cumulative average spectrum data respectively, and
the data transmission module was reliably transmitted to the host computer for display and analysis. By building a
continuous coherent lidar wind measurement system with the working wavelength of 1 550 nm, the index of the
signal acquisition and processing module was tested and the cumulative average filtering algorithm was verified.
The experiment results show that the acquisition and processing module can meet the real-time acquisition and
processing of echo signal under the 100 MHz clock, and the spectrum resolution reaches 97.66 kHz, and the
accuracy of wind speed measurement is improved to 7.57 cm/s.
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Fig.1 Schematic diagram of lidar wind measurement system
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Tab.1 Parameter calibration of main components of

lidar wind measurement system

Name Parameters Value
Wavelength/nm 1550
Fiber laser Output power/mW 10
Line width/kHz 3
Balanced detector Responsivity/A-W' 0.95
3 dB bandwidth/MHz 100
Telescope Focus distance/m 50
ADC Resolution/bit 14
Sampling rate/MHz 100

A b R B 2808 5 1 0 O 78 2k I KR
gt, B B B R AR MR S E AE 50 m A7, BEAT SR
IR 5 S R s A, AR IR SR PR RESR B

202104672



s Gk A2

% S2 4

www.irla.cn

% 50 A

2 BEESRELEIGH

2.1 EEZEHY

AR HOE TR I AR 505 i, WHR 1 = A5 5%
L Qb PRAEHR, (W] B AL TN A AR R R SE AL 3L S 1
s Se g B E A LR T B A3 K R, HAE
FAnE 2 fiis

_ CyclonelV _ _ _ _ _ _ ;
Il Control units |
| — e ——
| | ;
EChOl Conditioning ADC | ! | Cl:\?eliﬁigti:ve : :
signa cireuit | | _:, FFT _’: % ¥
|
| | Memory | :
l L= =—2=1
|
Power supply | || SPI slaver |J|
_______ SPLbus _
_CyeloneV_ _ _ _ | ____
| FPGA | SPI master |
| T AXT |
| TAXE i
PC RI4S || _HPS|_ _ _Meriloiy_ __ |_|
DDR3 Copﬁg}lre Power
circuit supply

Pl 2 {55 RARAL B KB R AE ]
Fig.2 Block diagram of signal acquisition and processing and data

transmission module

R T AR B A A RO, {55 R AL AL A
ek F« i 3 ADC+FPGA” A, Horfs i ADC R H]
ADI 3 F] AD9268 it J, ol KRR R 125MSPS,
SRR 16 i . FPGA SR H Intel 28 A i PR RE L K2
¥ Cyclone IV R 41|65 i EPACE115 1 Jg A% 0 45 1l %,
I FH 42 il 32 2 A DG 3 95 52 I XF [ 15 5 7 S R
£ FFT i858, BInF-2 SO 1% 5
22 HEEHRERS EAH

B S R H O i SPI MR 515 5 2R 4R A B A
et A7 A5, [H oA TCP/IP Phil 5 E AL AL (S .
TSR] Intel /A7 Cyclone VSOC ZF1tiH SCSEBA6U
VE R OFERIAS, 208 7L FPGA #8435 HPS(Hard
Processing System) 743, H # FPGA #4352 3 SPI 1%
i 4 ) 2 A, S MR S R R Ak PSS R A
HPS #8431 & X% Cortex-A9 Ab F 2% 5 A 56 4 1% 45
H, Hos 17 908 55 38 925 MHz, )65 F P9 3 v i3
AXI(Advanced eXtensible Interface) il 2%, 5 FPGA #f
53752 I A R 128 7 AR AE o Y AXT BB AT

200 MHz I, 5 4f 32 56 A 128 {32, FPGA il HPS i3
R, 128x200+8=3 200 MB/s, K KR T % 2 I
BALRSCR, e 7 IR = AL R R B

HeAh, T QUAEZR AR & CHIEUE ] A
T %, BAT RAFRY B ALH], v] =MLY, e
ST WHEBRTF R T — 2 [ A5 5 450 1% 3 A 7= L
I, S K S 5L

3 FFTRIEEiZitLm

3.1 EAR[EE

S o XU Ao v R OB A AR 22
7R SR S A A B R X, HRT FFT SR
SEEAT RS A R AR S s SO A O TR A
(8138 {5 5 S Pk B R L, Ay S B AR is R
JEENE | R A A R A, X AR 1 Ak 3 R RSB, PRt
TR FSE B FFT MHOL TR AN R G A F &
o RG] T HRIE USSR, KR AR B Y R A
7£ FPGA | HEAT520 FFT Fifializ B .

FFT 2 B O B 28 4 (LR @& F% DFT) 9 P
Bk, KN DFT SR FIFE IS5 AR N A
S Wik=em eIV B R IS 38k 8 B 81 () Y 8 B
&a{ﬁ%[”]:

X(k)=N lx(n)W}(,k, k=0,1,*,N-1 ()

Cooley-Tukey(FE F| -J&| 3£ )FFT . % J2& A8 e K &

N PFEFFIIER, BIN =, RO B k. R

Ji13E-4 FFT 0T LABEARIZ FEXT FPGA BE 1 o5 &, 32

7 FPGA X [ 5 R4 128 530 ) 203 B e I i i i 5

KR8, HAEAR G 1 JE B — Js 58 th N /4> BE 12 S A
B B IFF x(n) 53 B 4 AN /4SS HFE, JREATE

x1(n), x(n), x3(n), x4m) n=0,1,"-,N/4-1 (3)

A

3
A = x,(n) = x(n)
B =x,(n)=x(n+N/4) 4
C = x;(n) = x(n+ N/2) “)
D = x4(n) = x(n+3N/4)
4

x(n) = x,(n) + x,(n) + x3(n) + x4(n) =A+ B+ C+D (5)
Fex(m) A DFT ik, WA .

20210467-3



ISk A2

% S2 &

www.irla.cn

% 50 %

N/4-1

X(k) = Z [AW]r\z]k +BW1(\:1+N/4)k+CW1(\7+N/2)k +DW1(Vn+3N/4)k] _

n=0
N/4-1
Z [A+BWy'* + CWY"? + DWWk

n=0

(6)
FEX (k) FEAT AL, 15
N/4—1
X4k = > [A+B+C+DIW;,
N
XMk+1%=2§[A—jB—C+ﬂﬂW%W%4
a1 (7
ka+2y=zz[A—B+C—lﬂwﬁwﬁ4
N/z’;—:?
X(@k+3)= > [A+jB-C— jDIWy W,
n=0

32 BIUHEREHERKIE
AR LA IR SIS R I PP 4 i 2 A

. source_valid
£ source_ready
4. source_error
source_sop
4 SoUrce_eop
-“. source_real
B-“. source_imag
4. source_exp

4

111111101011 1111...
111111010000

110101 110101

{0110010... ) 0110010... ) 0110010...

0... ] 1111111... ]000000L... 10O
110...

1111... :I 0000010 0000011... 1111

A58 UM FFT IP %, 76 100 MHz 4 JR i 4 % 1 024
SRR AT FRT 1z 58, 7 B85 R R W] — Wi FFT
iz BT (R 24 R 100 ps, AH H DSP 45 3 4 45 72 77 U Ak
FHUG T B 0 A T A 0 S O R AR 4R R A
005 o 0 [ B b 45 0 T O & LA . X FFT IP
W AT IR S HLAE )32 B 2 5 1 3 0 Iy L an A 3
JFi7R

Horp sink sop 5 sink_eop 2 71 iy A — WA 1Y
JF i 5455 ; sink_real 55 sink_imag 3R /R it A ECHE 79
S5 HE T s source_sop 5 source_eop % 7 — i FFT
TS A H B TF R 5453 source_real 5 source_imag
F s H Bt RCHE Y S 5 M B 5 sink_ready 5
source_ready 775 FFT 5| % A DL 452 W 84l 5 k1% 8K
#i o sink_valid {5 5 HiL i I 2 7% A s 8500 A 4L
source_exp e/~ FFT T4 5 B0 Ao H5 45

J011000... J0110011... )

1111110.,, _._

Pl 3 A, P s R P R

Fig.3 Timing simulation diagram under stream mode and block floating-point structure
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Tab.2 Performance indicators of wind measurement

system
Parameter Value
Detection range/m 10-100
Wind speed measurement range/m-s ' 0-38
Spectral resolution/kHz 97.66
Wind speed measurement accuracy/cm-s”' 7.57
Wind speed data refresh frequency/Hz 8

M LR AT, i SO — S B R R
£, R B 25 72 LT 21B0A KR Z |1 ADC %k
i R AR R R 100 MHz, MR 45 4% 28 75 R R 2 1,
11 50 MHz J& 1) 25 S B f 25 0K B, Fr Lz &
G e R XU 24 38 m/s; He A 2 B R o Bl
SR BE A B LLR AR A 50 2, B 100 MHZ/1 024=
97.66 kHz, ARG 1% 43 3R A5 2 G5 0 0 2 X A
JE - 7.57 em/s, Zeist Z GEB AN IR, IR 5 il B A
2k 8 Hz,
53 Sk R mEHEES

S AT | R K R b o B CIN 4 [=Rwl
S WS (0 TR, ) FH R S A BRASEHL 43 550 S 3 [l
WA S A i 5 1 024 W BAn-Eag . &7
R YR R A5 S AR, X R OR 5 5 AR, H
Ry 0.1 MHz; Y #l 2R R A 35, SR F B0k A, B4

2 70

EE 40 Natural frequency of laser

9 I Background noise spectum

& ] : . o e ) SO R L
_§ 0 ’,”.1'.-q'i.-,'sf.rfr'-'\\'\fl‘-}".*.;‘.1,,;-",_.11.1#.‘-J','ﬁ\.'[:.#‘jf'W.‘\l\‘.‘.\;rﬂ.uM'-‘HH‘hh'l'.-q‘.',".'.rulf-‘l‘p'l‘\‘_
2 20 |

g

2 750

Q Vv ™ (S ) Q Vv b © S Q
N U R R AN
RN S I

Frequency/kHz
P 7 BRI AR H

Fig.7 Frequency spectrum of single echo signal

Jy dBo HUH SRS A IR BE I B0 D -10~10 dB.

Bl 8 & 2eat 1024 Ik BT P2 I s 1E, i
PRI AT 60, S 55 M P i 3 O 3 ¥ i Dl —1~1 dB. 38
AL PGS L AT, O T IK L AR 5 20 AKX FFT 28
ey, HCA SRR A R EE B S, a1 024 RN
SRS, R B SR O T, R —
AN DA X IO A 242 SO A A AR, B8 AN IR A
JRUBR S0 A5 f) 430 % g 7% &, A5 5 MHz, It B R
Af=5MHz, A=1550 nmft A 2% X (1) &5 1 K E oy
3.88 m/s,

g 700

E

& 47.5 T Natural frequency of laser

§ 25.0 / /4 Frequency offset

3 | K Background noise spectum

E o250
% .
£ 200

NS SRR SN S S N
NS O AR S LN
ST SRS @S

‘ ”
Frequency/kHz
Pl 8 1024 Y EIMF-3 I A5 =50 i

Fig.8 Frequency spectrum of 1 024 cumulative average echo

54 EHFIRESH

T B UE BT T AR R B A i A2 S B KU K
e T2 R FPGA W5 A FH 2 19 K/, BEUE R 2
g T FPGA JEAT Ak BRI T 5 [l I B0 a0 1 350%
SC b o AR P A A R A, MR
/NT FPGA B R A A, B2 1 18] 5 850 iz B3 1 5
RF 3R T MIRH FPGA (% ER I %, i & n]
0, BT ARG IR R AN, IR 4708 55 1] R RO A
R, W R S XTI SE bR KU 75 ) T AR
GFH S TE

202104676



s Gk A2

www.irla.cn

% S2 4

% 50 A

& 3 FPGA R IREF X
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