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Abstract

A ground-based incoherent Doppler wind lidar, which is the first of China, 18
developed successfully to monitor the wind field in the troposphere and
boundary layer. Based on the edge technique, the Iodine-vapor filter is used as
the edge filter in the lidar to discriminate Doppler frequency shift.

The transmitter of the wind lidar is an injection seeded Continuum PL7000
Nd:YAG laser operated at 10Hz with the linewidth of 90MHz. The frequency
doubled laser output is locked at the 50% absorption level on the high
wavenumber edge of the I, line 1109. On the receiver, the scan mirror and a
@200mm Cassegrain telescope collect the Rayleigh and Mie backscatter signal
whose Doppler frequency shift is detected by the lodine-vapor edge filter. The
lidar software is developed on the Windows operation system, which performs
the whole measurement flow controlling and takes charge of the atmospheric
wind velocity retrieving. With regard to the defect of the wind lidar some
improving schemes are discussed in the end of the dissertation.

In the dissertation the author expatiates the theory of the Iodine-vapor filter
based incoherent lidar that utilizes Rayleigh and Mie backscatter simultanerty.
The methodology for evaluating line-of-sight wind velocity is given. The
measurement errors and sensitivities are analyzed. Also the retrieval algorithm
of atmospheric wind velocities is deduced. The author also brings forward the
corresponding experimental method. The on site experiments in the Cangkou
airport of China naval forces prove the validity of the theory and method. The
lidar system is developed as a preproduction model. The reliability and
rationality of the author’s optical, mechanical and software designs are verified
in the on site severe experimental environment. This kind of preproduction
research promotes the wind lidar development toward the routine operation

system.

Keywords: incoherent Doppler wind lidar; iodine-vapor filter; atmospheric
wind velocity
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BIBBOLFEHTE, AMEERFENAE 1 BRBIRDETE N, FOCHE
B AR 2 WRIRIDE TE N, 7317 -

N\(r)= p N, %Ar[ﬂa (r)+ B, (r)] expﬁ 2[[a, (") +a, (r')]dr'}

Ny(rv)= paNge ., é—Ar[ﬁa(r) [Tty (v=vav+ B, () [ T, (v ~v)dv]

x exp{v 2{la, (") +a, (r’)]dr'} (2.6)
K, N BOtEBREE B TE: po: 2R AP EERN DI
noer2: ST AIAB T ICERNBRE TR, no2r DHABWNBIELSRINAF
BE; 4: BUAEERGERWER: dr: BOLHRERGEENEE 5792,
re WMEEE: .. KRAWKEIRES REG fnr K0 FEIEBE R
B oo RRABEREEREG o KA THIERE: L: RR[EK
B) B AT JE W A L KRS0 BRI U G 70 A

£~ 2.6 AIREIN, FIN, th{E, RIS TR SRS as 6 i &L 200 -
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B faW)FR o) 53 390 0 KR IR B o) U A0 K437 B T S i i
o F IR IR I A8 B G T R Y
R, KRS HREET B—E XA
R,(r) = ﬁa(rg :( g,,,(r) (2.9)
M AT LAFEH . B=(Rp-1)B
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av
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M 2.11 B L1 31;
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Av YENC AR ATH (&.12)
Rb( ) dv dv
Bk 212 RAAR 1.4, e LiE R XGERERN:
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2V,
_ ¢ R(rv +Av)—R(r,v,,)
~ 5 YRR AGRCAT) &13)
R() ° dv dv

AGIART, Tl REER] L X oy B GERUW G IR NETRE
. Bk, FAB D TR ER AR RN KT E H IR ) REUE AN -

_ W A A
- P (R, () - T D T

} (2.14)

2, ZERGERIRER:
s(r,v) =

HH, SNR A{E S HI{EM:EL.
MR BRIFENIBZHIRE, FMEERERRE SNR /JRRAN:
NmN(r,v)

JN{r.v)+ N,

(2.15)

|
SNR(r, v)@(r, v)

SNR{(r,v)=

(2.16)
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+
SNR(r,v)’ N2 (r) N, (r,v)
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1
2 2.19
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) MR FRIEE 2.13 AT LL#
(V) =[8R(7,V, +AV)]2[6R(r,1i:+ ymil
oV

+[OR(r, v, )’ R (r.v )]2 (2.20)
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B

g
Ce

V., OR(r,v,, +4v) 4 oR(r,v,,)
V R(r,v_,6 +4v)-R(r,v_,) R(r,v, +A4v)-R(r,v, )
~ R(?‘,Vom + 4v) oR(r,v,, +4v).,,
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. R\ Vi) PR V)
R(r,v,, +4v)—-R(r,v,, ) R(rv,,)
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R(r,v), RESET R(rv)BLEEN KRR BIE(E S5 ki H RS 42 W X

MBHEEAFBRAEN, KRKFRZEFARER, RIBEAN
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V.(B)=—V,(p)cos(f - fy)coso (2.22)
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K2-23 ML EHHEEINRAARZVADHEREE

HARRE WS, WRKFERE V. XE B AZE, BOLEREAH—FA
BRI ZEERNZEAEBIER R R A—T A IEZE S, E 2-24 Fix
(BAFREERF).

g [+

f\ IV
: : \ /:_
0 \/21:

Z2-24 — 2R RERER

X 2-24 P IESZ 5 5 FRAA:

E—-ﬂ-—-———i

y=V, sinQaft+6)+¢ (2.23)
HA, y ANMEXEE, 2o AMERE, BFFHNERAERE, ¢ ARF
55 o

IESZRINE{E S T AN B F 2K RGERD Vi IEZRIVIRARAL 0 F T
Vo Potkm. BIUL, [FEBEALH. E—EENT, WHNEXEE y MW

BAK  RKEBEHIEE V, AWIBHENT 6. BEREEEN R FERERPZ
Feix, BiEFIRZE 75 s/ MEN.
2.23 2\ AT LB 2
Y=V, sin(2nfT)cos @ +V, cos(2afT)sin0 + ¢
=k, sinQ2rfT) + k, cos(2nfT) + & (2.24)
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T
’

cos(2nfT)=[cos(2nft;), cos(2nfts), ..., cos(Z:rﬁ,,)]T, Y=[y, ¥2,.- y,,]T, e=len, €2,

ea]
2.24 B LA
"y | [ sin@aft,) cosQaft) e
v, | | sin2afty) cos(2afty) ¢,
¥, T sinQ2aft)) "‘605(27#&) " [:ﬂ T g (2.25)
yn ] |sin@rfty) .'.005(2@% ) gN
REFTTHA:
1S
- [}; ~k, sin(2fT) — k, cosaT)]' [¥ — k, sin(2mT) — k, cos2T)] (2.26)
FRE T MED, B2
| aﬁé = Y7 sin(2fT) + k, sinQmT)" sin(2efT) + k, sin(27T)" cos(24T)=10
| %1‘ = —Y7 cos(2#/T) + k, cos(2fT)" sin(2fT) + k, cos2aT)" cos(2fT) =0

iR LR TTHEH, fE

k, =

(2.27)
kis kyH:
~YTsinQQaT) sinQRQafT)" cosRnfT)
— YT cosRnfT) cos(aT)" cos(zrng)l
sin(2aT) sin(2aT)  sinQRaT)" cos(2nyfT)
cos(2afT)" sinnT) cos(RafT)" cos(2rfT )|
(2.28)

sinQaT) sinRayT) Y’ sin(2#T)
cos(aT)" sin(QafT) Y’ cos(2AT)

2

sinQaT) sin(afT) sinQafT)" cos(2AT)
cos(2fT)" sin(2yT) cos(2aT)" cos(2#/T)

T 78 B8 25 5 77 F0 /N HE U T S 2K G V), F KU B

Vi

Po

= Jk; e

- -;E -8 +kr = % + kmw — arctg(%—) (2.29)

i
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Rk, MSHEEAHAER, RS REA T ESHEERE N -aa
W /NI B S X (8]

.

o, O Ko (7 D, (2.31)
n—1

e, L AT L eI . BN IR A, HARHEE Ao i,
@aﬁﬂﬁﬁmﬁﬁﬁﬁﬁmﬁiﬁra
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(g ty, RGBT AL, M LAB B R IS, S . S, Sy
SRINTREA T Z B S LIRS, HNSe B 618 K 5 AL B LR (G R T
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X\ Xg vt VYo T 2,2) = >
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2 2 2
XXy + Vo Vo + 2,2, = ; (2.33)
2 2 2
XXy T V3V T 2325 = 5

JTREHRIfE A -

xl2 +y12 —i—zl2
o ol 5
Xq Xy Y & x2+y2+zz
_ 2 2 2
Yo [T X2 Vo 43 5 (2.34)
_ZO_ _x3 y3 z3_ x}z +y32 + 232
2

T RIERBIRTIRRERSE:

W = 2\jx02 +y, + 2z,
Yo

X9

B = arctg

a = arctg — 20 (2.35)
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Time_base. LM MEXKHREN=ZATREY, HFH 40MHz
HiE AD XERERUNBREERZRESKEDR, FELERIZ
#. ¥EHIEME hovian HiZ AD R FRE, Time base %]
REGRE], & XA 40MHz. 5HAEXK 40MHz @i AD REFE
BESHA:
> REEKE: HErA 4K, i
» MR SR, BAERLKR, WRIEFETA
> ESHEEAR: HR
> JHIEERE: —RALT4vV, WA
A 16bitAD/DA 18814+ 5 DeviceNumber. LR MERGEEH=
MNFRET, HEF 16bitAD/DA KK & $ L L E T RERT
HWEEWEH. BE%HS DeviceNumber 5E XK 19. 16bitAD/DA
VIR EESE L.
> DABEER:. —BiEL10v, "
> ADEEERE. BHREAEEO 12
> ADEB#E:. —fE+10V, WA
> ADBEREHN: THRES
A WSS EME lock_ra: FEBULHIHMBYE FREMKREZFK
EIEFREEH;
ABOLMEMERE lock_vol: EBERIEMEMYEFRAEMKER

—
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[ MR8 T RS fEH:
A B BT I R R AT 1] timer_step: ZEMGHHAEYE T RN
KAZEFENETRGEEH:

A BRS843R 1 R B vol_step: TEMROGHNH AR E T RA
FMRRERREN R T RLEEH:

ARSI E R MR inte_step: FEBOLAHIRMETFRA
MRELRRENE T RELEH:
AEESUTS S R BS diff step: EBOLHIHAERB T T REA
RS 2mRENEFRAEEH:
ERFTEE |
ZE SRR LR R, TERERBERD AD REFNSE,
WE MU EHRT, BRERRERT. MREHHE, R HENE
B, BHERF. THNEREVHEFEAEFREERDE 4-9 Fir.

(7 &

#B16bit AD/DABRMHS

¢ 2z, 16bit AD/DA
A S e

<RHT > E—| SO

hJ

E4-9 HT R BREGLTFA R REE
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EFSmF{ER LA
EEaHRRET RE LR E R, W 4-10 FrR
S Nind Lider RZERELE W L

Scar ‘ i ‘ tied ‘

El4-10 L E R M iEF Al
A Setup #Hl: BAEMRMHE, B —ELTERRE;
A Scan #Hl: BRRMABGERESHIZ TR, LMo TRELH

T RGN m;
A Lock #%4l: HERHABIEREEHZ T, HEHEotH AR
ST RGN,
AWind . HZEAEHETREWE TN, BERHAIEHRE
METREAE;

A About HeHl: MiZHAABIERSHIL TR, Kt About HO.
A Quit %4 T HEH, FBFHIEH.

HRY By TRESHET RS
WS FREEHHT REN R BT RHM T RSB RE, BT
FFRCETBK PO NIR, S HBEE AR TSR MBI
UL R R FHOREIE Fabry Perot HISREE, MTTH S AT R AR M A
BB SO RS T R ER.

S5HMFRFED
A40MHz mE AD FHEFHBGEH AR hlovian R R
Time base;

A 16bitAD/DA F I8+ 5 DeviceNumber
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A SR4E 12 YR 8%E L R Bk P RO R e MR U
ZFARFEERIEMIESWY

A FHEHIIE EBE start_vol: 7% R BIEE

A& EHBIE end vol: T A BIEGE

A FTHEBE scan_vol list: EAAIEER, VO Clist 28

AR TR BB BB T E scan ratio_list: ¥ AMER, VCrif

Clist 2§

A FH Y6 Fabry Perot iEiL# fp ratio list: V7 m AR, VCHH
Clist 2§

A Bk b OGS TR 233 R pulse_ratio_list: JF A BIEER, VC++
5 Clist 28 :

A B AD FREK ML EIE scan_channel: F SRS, KE 4K
EENHEHER
A R A2 BTFEOLBAERAERE AR

RFEE | FTREOLHBUEE | MTBUOLFP
Vo A0 BO
Vi Al B1
Vn An Bn
A 3R 4-3 TRIEBE ARSI BB PO b AR S
BRrP G gs e a8 | BkrbBOLAEXY
Co FO
-Cl1 F1
Cn Fn
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' BUDE | tmesocs i 5m
S READSIE : Yo BB B R
S
EHLE B il TR
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YT SR — _
RAAT—5K
#E16bit AD HEEE
B
iE B
HER TR
TR 5855 i A
F-P#id &

E4-11 B TRREHE T RERER

BFSHE
LS FIR G T RS 0 A 4-12 BTR
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