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Design about sampling and processing system of high-speed data

for multi-laser beams measuring system of wind fields
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Abstract: The high demand of data acquisition system was proposed to realize the real-time monitoring of wind fields
in the multi-beam displacement measurement of wind field system. In this paper,the FPGA chips was well designed to
achieve cache and transmission control of high-speed data to meet the actual demand,including PLL clock manage-
ment module ,the preceding stage of FIFO buffer module, the rear stage of dual-port RAM memory modules and the
reading and writing control module of FIFO and RAM. It not only fulfilled caching and asynchronous data reading, but
also greatly simplified the interface circuit structures of A/D chip and the design of printed circuit board. Synthesis
and simulation of all modules was carried out using the program Quartus [ 6. 1. The result presented perfect satisfac-
tion to the design requirements. The wind field was successfully measured by the displacement measuring system,
which presented the high-speed data acquisition and processing system could effectively detect the echo signal in dif-
ferent distance. Therefore ,we can calculate the wind speed and get the wind direction according to the detected sig-
nals.

Key words: wind field measurement ; displacement ; high-speed data acquisition; FPGA

BETIH : [FK A RIS RIBHE R (No. 60721001 ) ; [ RS 4 H 530 H (No. 60736005 ) BE 1 o
YEZ B/ LB, 3 AT A, ORI O XFTE o E-mail : liminzhou2008 @ 163. com
75 H #7:2009-09-18



188 O S AN

5 40 &

1 51 &

KA 5 N AE TG EBAR I, 1 AH 1 5
TG KRR A DA T B %, i LA F
FEABRAG A AL AN S5 B S ) R A B AR KR
SCH AN AR AR KU A 2 A TR 2 A R
PR M PR, VR L SRS AR ) AR
Xof T e XU T ) o A e S R R SR AR A AR
WHE, YA, H LA RGN BT B iR R AR
PRI e D R B T8 45, (H AR AR 7EAR 22 [n]
TN PN RS B2 AN & L SR 22 A0 PR AR
MEAER OGN R A Hh - 2A T PR LBl 1
e PR A R e S, BOR R SZ BT )T 6
o BV HRTR AR, SOOI R & S T 235 )
R S S Il ) S, HE RO 1 D AR R
MR E B R, H RS & M 49 Al
LS SR I B X 1 S s, TR AT
V1T —FPR FH 225G o I i X781 8 T I XL
ASC, 38 3 TG R S 1) FRCE I8 1Y) 5 B A T AR SR
LRI, 1A B R R R o 2 XS A 45
A AT B 33 I B R A A

F 2 B ] P R X [l i sl 28598 R, AR 4k
R, FLIEAE (5 e FL I, B e R e X Bidi R
LRGN TR MEOR o ARRHOGIN R B T
EZ B E THIEREREN REM RN
200 MHz, AL 54 200 fi. N 1 221 o i 4
P Xt I SR Y H B 1 Ty DA B 7 Lk ode Ok
GBI S AT A . ATTRIERE TR T FPGA 1Y
FIFO XL RAM AR Ry Bdis 22 174, AR 4 5%
BT BRI G AE N S A 2, FF HARCR R fb T A/D
O R R 5 R R B ) F B AR T A 2
2 BEHERERZFIZITRERITE
2.1 3T FPGA th& % Koz v i

VR = A R A RS A% O DI RERE L, FPGA
HRET K4 \B’Ja’%ﬁz%fﬁ%g o AR FPGA

FEAEN T PLL B PP BB R Hi 4% FIFO 2% pjfsd
H JE9 0 RAM fE4#AE e L & FIFO Fil RAM [
EE RIS, KRG R T Altera 24 | 1y
Cyclone — [ &%) FPGA “EP2C8Q208C8” , J &
Bihy Quartus 11 6.1, f T RE (4G4 TE S S
FIFO D) ¢ RAM 3 [0 %, H A 285 E U
Fasg , R Quartus 11 AP 3248 19 S 8501k 22 T fig
BEH(LPM) 4l R Hb 42 5 T & 48 1Y B E R A ml
SETES
2.1.1 PLL B}4F4 243k

BiFH#F (phase lock loop, PLL) Jj& — RS 40 Fe 5t
H B8, L A P 2l A0 A A B 9 A A5 R 01 3
[ FNERSH P, @it MegaWizard 8 ] ALT-
PLL R BV AT A i i s L A 2R . AR BT ok
) PLL B &l 1 fros, Horr, SYSCLKIN Hy 4R
100 MHz & 4ig $2 £k, 1 > PLL B3 19 iy A {5 5
ADC_OUT £ PLL {54 515 5] 200 MHz [ 45 2645y
ADC08200 [ 3% #£ i} 4, CLKA HI CLKB J& SY-
SCLKIN £ PLL [A]25 5 23 'ﬁl‘]%ﬂ HAEIT = E MM
AAOLAH S 100 MHz B 48, 29 il B2 1R 45w g w1
FIFO fE N5 B8, [RlE) CLKA dAE N34 R0 4
SRy, B Bl 4 B 00 BT A fih A A% R H B, AL
LEN 2 /i fe (55, THH R % TAERE. H
/M5 BIRASAEHP IO (Rl & 45 ) i s B) R 4
IHEP AN 755 2R FH FPGA PRI 42 Ja) i o) 2% 512
B, PLL #EHemy 70 B WA 2 s .

altpll0

Vee ADC OUT
[ e —inclk0:100 MHz [op—r
SYSCLKIN operation mode: |1
no compensation J—

4 : CLKA

CLKB

7]
l i

e
ALLEN VCC

&1 PLL B3/ HBE R B &

Ons 800ns 5600ns

SYSCLKIN (|

ATIEN
CLKA %
CLKB

K12 PLL oA AR e i FL I 4]



W6 5 40 4 No.2 2010

JASCREE ST 2P RS RS Ik A R A R A AL B R e e 189

2.1.2  F4 FIFO 4 B4k

Xof T i SR AT 23 R 1) v BN I, AR
K FIFO B RAM 175877, 45 6T I Ha i 11 55 R
AR KR AME . PRI, A SCR T 40 B SR AR 5 12
W A3 i 45 AN T FIFO 32 4t A5 457 A 2 1Y
100 MHz B8, 430 5 A A/D 5 45 1 %4 , I
IRBE A H Y

HIZk FIFO SEAF A5 B 5 A4~ g A tE 348 8 fif
1) FIFO 25, W&l 3 i, i+ 2847 200 A~ (# A~
FIFO £ 100 4~) A/D 46 (9 50405, i s S 2k 16
AL, P FIFO £ 8 i %idli ik . ADC_DATA[7..
012 A/D i idin h , 1E R P FIFO B %L
P, CLKA f1 CLKB H1 FPGA P # PLL £k =
A REAEAR 22 180°, 43 BIVE R WA~ FIFO )5 I 4 (5
5, CLKA IS E WA~ FIFO B9 Eat 405 5, ALL-
CLR 2P~ FIFO (1) 5 205 F i A M55 U 2 /s
ZA55, m B A%, WRREQ F1 RDREQ 435I &
FIFO ()5 ML GB 155 , i H - A 2L FIFO1 %K

Pt 11 BMS[15.. 8 [N 16 {7 B 28 94K 8 1,
FIFO, {86 H 11 BMS[7. .0 14K 16 {54k &
i 8 i, FIFO [iE%5 {55 RDEMPTY /R4
A FIFO T B iR i , 24 RDEMPTY 4 B {IKH
B}, 7R LR FIFO A B 5 504, 40 e AE s 5
P AR B AL 5, X RE AT LUTE S B 1% [R] B A
FIFO R it , $Emalc®e . FIFO ZA7af 7 an &l 4
B
WOk
Rl |
WO
Sl

SRAFE
200 MHz |1

BEffe
® 12004 2004

FIFOEMM“‘

B4 FIFO ZEAFH 73
2.1.3  #T4 FIFO #2448k

g FIFO i i A5 e ph fih e b FE B BR L 5 404
Pl AN A ) = AR AL A, AP S L TRT 6 B

ADC_DATA[7....0] Vee — " - o v N . N
DAL 0) Voo o o il DR B % T 25T FF X, trig _opt Ky
WRREQ wrre =$75 £ > = i 2216 5
R .|| FIFO 5 5 ] 10 2 (55, i _sel 1 86 L5 i
RDREQ rgriz al7..0 X o Y trig_sel Sy HT-E il & (5 SRR THOE £
R faclr | P Pk, 1B e SRR SR 5 R SR R B o8 e HU T
ALLCLR  Vee aﬁmf?_*lll:%&_.zwmi_s. IUSIN, . NI .
I i K O Y & S EETE] 5 2 trig_sel S AIGHE P
Lk ] I fil A5 R R T B AL ) 2R e A48 A 1 flh 2 ik
i X M55 wig_test, LI BCHE R A 1Y J7 2l a] Lhsd ok 155
rdemply
REDEMPTY BLA 35 AH I 18 48 il iy 22K 58 o trig_test F 2T
PE] 3 Eﬁg& FIFO %ﬁ*ﬁﬁ& ﬁﬁwﬂ?ﬂuiﬂﬁjﬁj%%%%%%\‘ﬁﬁilfﬁo
CLKA
X L ! pre_counter :
Ldff olrl | | ;
I trig | ALLEN ] clk gout ] WRREQ
Vee i % d q —] en cout X
itrig > i trig trig_out : pulsein
;trig_test D___. i trig_test —clk
Etrig_sel l >'—"——"§ = trig7891 ; E "lr ;“w“”-wwmm""v”m""“;
Vee ! E
|

{ ALLCLR

K5 FIFO Hisifibe



190 O S AN

5 40 &

CLKA
* pre_counter
dff_clrl
ALLEN —{clk qout—HRrpREQ
RDEMPTY 1 d qf———fen co ut X
— i & : pulsein
instl0: R SN
inst8
—--Tclr
inst6 NOR2

LLCLR

6 FIFO Sl i

HYEHI IR E AT FIFO 5 AD H 46 1%L
200, BIEAS FIFO 5 A 100 N 5dl . fil & (55
trig(_FIFHITA R0 — B Rim, D fil & 4 d s i
(4R e ALLEN) 3% & pre_counter L[] en
Ui, 75 CLKA (IR J3 shit 4, G B b cout
Uity i 1 R FELOF- LA FIFO B BB 2L, 713 100 4>k
M5, pre_counter FEHE qout S i H g FE AP, D fint
Regw AL, RN cout Jrity AR HSF , 45 1k 18] FIFO
BANEEE . AR B RO R
G0 N E RS, — B AR 55 H A4 BT
RPE ST DA b #AE

TR 1 A B AS 5 5 B 4 i A AR ]
H& D b g 1) fib 4 {5 % i RDEMPTY Jiz [a] 15 3],
R4 FIFO A5 B4 i pre _counter i1 4f 114k, fi
FIFO 3£ {ifl R {5 5 RDREQ A &L , iX #£ XJ FIFO (1 5

T

BOFIEECRT AR B 647 o (AR B2, A RGR
FHA R ] 20 A A B, H oA O IE 5 R A trig
%5 #l RDEMPTY {55 B2 L 45 R AN fig = T CLKA
AR AR
2.1.4 jEHB o RAM A4k

JE I RAM [ A A 55 i 77 i A FIFO
o R L DL AR AR AR (R R L) S
AR R, W 7 Bron,BUS[15.. 0] fE R
RAM %5 A, ramwrent 1 ramrdent #8543 i 2 XYL
1 RAM 5 #b hl A2 bk oF 2048 o CLKA £ 4
RAM )5 i, 2SRl g% FIFO 1Y 352 4 il A5 e dy 1y
B RE(E 5 RDREQ( = #i-F ) IF, XU RAM 195
Hiu ik T E g T B T HEL, [ EE ) RAM ih 5 A 508 o
— H A1l 100 N EEdE B4l 16 A, H124 T
200 1~ 8 %) , BI = A — A4~ OMTINT {55 (5
ISP ) 3 6 Ah 38 45 i B T ok 352 B RAM (1 28
#it . EXRDEN fil EXRDCLK 43 51 y 4 %6 152 1 fig
55 AN ER L B, 2 A ER A ] A% i B FPGA
W55, B 580 B EXRDEN & O,
RIGA BRI IR 248, th T X B FPGA 5 43 4 il
AR R S 8 AL, PRI X RAM 332 4
BE B 2 7 i 200 S EOA REKE RAM iy
Bl e EBE .

NN

i OUTINT

; A . S——

OUTDATA[7..0]

RAM

128 words

BUS[15..0] X
- remwront
RDREQ %
CLKAQ . ol [ TrraddrT6.00]
intout

EXRDEN ramrdent
SRR {
i ~t rden -
/ — rdelk  frdaddr
EXRDCLK [7"0]

B 7 e RAM TEfgfsisk

2.2 FPGA % 4 f £ 5 g

HRAE R BT I B, 78 Altera 23 R] YT & R
Quartus 1T 6.1 F4| %} Cyclone — 1T &% FPGA Jts F
EP2C8Q208C8 #E4T 1 Z5-& Ay B, HLi 45 53 4 5]
8 i, Horb CLKA il CLKB 3% 100 MHz il Al
HiAHR , ADC_DATA S B #3200 MHz, 2
TSR E W, 7R BT FIFO F1J5 20 RAM
IBRES BB T 16 A, RIHT M 4> FIFO %

Fefiti 8 N . DB R AT LUt % 8l ( OMIT-
DATA) 3y 10 ~ 17, B TRIG 1% 5 I} 5 , ADC_DA-
TA B ERBAEITIR S AHTZL FIFO, X HLEA X
FIFO i RDEMPTY it {5 5 {1y 5, (H2 0] LUF 2]
OMTINT it 1w -, B 5776t £E RAM i i el
b a4 G e S P Sl TS R i P DA
HREERES 5 AN B 5 L5 5, BT AR S
AUH RAM H s H Rl i 1R Y o



ot 5 45 No.2 2010 JASCAEE ST 2 PRI 0% I A i R AR AL R e i 191

Mo 20,

L U B N

[ | LU UL

o2 | EpAgEpipipipipigh

@ i 09:03903000980030!

ik 19 101D

[P omm

[wis]  mmm

Bl mes nnnnnnnnny
Wl @ g ol ) A (T () B S ) i )

e

[ & oma oF (N () () B ) -6

1

Fl8  FPGA Zefrint i H 4]

SE Lk

57 R e 22 9 2 SR IRl s — MR 3R
48,90 9E4T T 200 m JE N XU I B SIS . AR RS
P OB K 3R Oy 20 Hzo 45— EOERK P
JEIFI filh e R R R GRS HEAT KA Hs
AW ZIRE S R/ML R PR REAE—BU RN,
IR ZA KR 254 I 20 B [l {5 5, R al 15 21
ANTRLE R ChE 220) O Bk i T H2 53 B O [l 38
G R, WA 9 PR . SERAURERY], ARG
REAS AT RS A I AN ] B g ALk 114 IR 1 IR L B IR
Ii] , [ A0 DR 25 45 Tl 7 10% LA

(ST U U

B35 5

-9 .
600

B9 R [ B OBt B 0 B T e 15 5
A [

34 i

ARSCRI T T TR 1 S A v e B e R A
RGN FPGA & i, i8 3 TR T 2 6RO n K
SRR RS 3 % T £ 2R 298 %oF XL S il I s W 42 P 0
SR o 7E 200 m S FE SR XA AR I 2 2R 8 2D
AT 7RI, &R 22N T 10% o 45 2RAER
FPGA ARGy 150 B 1 e BB R 5 2R 46 o Bl 1Y
GeAp AR AR, S X7 A0S T i R 4 10 55 PR A1t
T RS Sy B RE SR

(1]

[3]

[6]

[10]

[11]

Atlas R. The potential impact of space-based lidar winds
on weather prediction[ C]. Update on Recent Experiments
at the Nasa Dao,Oxnard,CA,2003.17 - 19.

Htlffaker R M, Lawrence T R, et al. Feasibility studies for
a global wind measuring satellite system: A nalysis of sim-
ulated performance [ J]. Appl. Opt, 1984, 23, 2532 -
2536.

Negra N B,Holmstrm O, et al. Aspects of relevance in off-
shore wind farm reliability assessment[ J]. IEEE Trans.
Energy Conv. ,2007,22.:159 - 166.

Dobler J T,Gentry B M, Reagan J A. Doppler lidar using
aerosol backscatter and a frequency agile laser transmitter
for profiling atmospheric winds in the planetary boundary
layer[ J]. IEEE,2002,5:2687 —2689.

Matthew ] M, Wilbert R S, et al. Incoherent Doppler LI-
DAR for continuous measurement of wind and aerosol pro-
files[ C]. Piscataway NJ,1994,2.934 - 936.

Deepak K D, Veerabuthiran S, et al. Optimization of
Doppler lidar system parameters for the measurement of
atmospheric wind speed[ ] ]. SPIE,2006,6409:1 —7.
Jack A McKay,David J Rees. Design of a direct-detection
Doppler wind lidar for spaceflight[ J]. SPIE, 1998 ,3494 .
250 - 258.

Leland R P. Requirements and models for adaptive optics
in coherent LIDAR wind measurements| J |. IEEE, 1992,
4.3540 —3541.

VoY FET FPGA $ 1 B i BACE R AR R g vt 5
LB D). BUER : B FRHE R A% ,2007.

THE, 2E . BT FPGA 5 KOs R 48 19 i ok J7 56
[J]. B AR ,2007,5 145 - 151.

ZE435E. C8051F020MCU 7E iy 3 %5 4 SR 4R 22 48 Hh (1 i
FLT]. AN ,2007,12 .40 - 44.





