B

SN

DA R VNI B
JOURNAL OF CHENGDU UNIVERSITY OF INFORMATION TECHNOLOGY

B33 B3
2018 4 6 11

XERS: 2096-1618(2018)03-0227-05

—HMETHMREEMEENETEERENT
wax, HEE, & ¥, AxZ

(RAGEIRERFE T TREFKE, W KA 610225)

A AT RE R RMACREBAR SR LR BORE, 55 AT B R A8 BUEAE, b4 ) — P2 T
FMCW 8k B TR ARl | A Sh AR IR EEERIN 7 i , R i 0 ) PR AR 45 5 A 07 9 00 ek 5710 R PR AR 5 TR AR
DRZE, LASHIAR I BRAT SRS B 0, P PR 7 300 B A0 25 0 B Rl 743 30 SRS o4 9 o 8 2500l , B0k BE B T BR AR 32

Vol.33 No.3
Jun. 2018

R SRR I ik — A4 e T A
BT TRERIN P 0 RS BE AR R AET em A
x
HE S5 ES TNOS SCERARARED A

doi:10. 16836/]. cnki. jeuit. 2018. 03. 001

0 5§
TR AR A Ak 2o e B S 2 | 1l I 2

RIS TR AR S ARA Y i )RR T i S Tl 4 2 |
e LUV A P R N AR B S I 4
ORI RENS AT R X S 5 PR 2 A A B T Lot
KEBRLLE /N 32 A e TR AR S IR EE
PRIMTEZE R Al ARG A SR A A 92 bR i 1 =
SCo AERNT TR 01925 Bk 05 1, N A SR
)RR S JE B AT I 48 5 BN B 3 8 4 2 4 i
Ui T B A SR HEAT 1 S BT UL e A
ROE IR TS5 GREOLI A e, R A 7 e e A 0
0 O C RN vk R 7S PR IN% , i — P A ]
FL R AT T 4 B, A FMCW 7 Ik AT 3800 A
HIEMTHL I IO R X E R X R
D NEFR R B TR SRR, B E 20
S5 IR X

1 BRI T7 %

FMCW 75 i i S 2 MR 15 5k 200 H
YL 5 18 B B h W) e off 237 — A~ Il AR
L M EIEAE S T LGS T 2 — D BR L2
S, SR OEARTE S A RE TS AR 1S bR A9 R 2 LA Sk
FEAR R A AL R 5 23 D = A U RS 1A 0
SRR S R ARG IR B S AR R T8 1A D

s B #A.2017-11-24

E&TE . FR A RBAIE R H (41475143) I B HE )T
BB BA BT BT H (14TD0019 ) 5 Hh 4R JR) KRN H i T S 3 =
PEEhI A (KLAS201104 )

I IRIAE Lok F kB IRAR 3B ik

FRIIAGEE , S 36 D7 ECAH SR AR WIS REAS KT J 1 1y DN BEORS JEE A0 AL B 22 K 900 O FAE 7

My 5 BB B A

SiAE S8 TR BB A B (R b = AR R AR A
TP AHT TR PRk SO SR 9 14 J5 A 44 o]
ik,

FEHEAT RIS R BE TR B, A B O 7 38 7 B = 2 1
TSR R O R 45 R, T SR 24 GHZ A
B ATHRIN 2 B Ty 25 5 T () B 25 T % 3200 B
HARSR S a7 R TR AR TR
THI1.5 m(BILA = EE ) b, R HABRE— DA o TR,
WE 1 s,

1

B TT LR A SRR RS 25 T B s AN
PRI B N BRSO ORI RIS B, AR 1 1 B
7N, P R TR PRI T R BRI SRAF R R

HET R

2 WMERSRMEE

BRI BE R

X FMCW RS R B2 000 B 38, M4l PR 25 5 0 %
BRI S 2R, Pl A3 00 k43 9% ) RO JE A mT 45 3] B
D53 RIS B BE B8 23 98 176 B 3k Th—fieds 40 Bt
B ST Y H BRI RE 1, T AE SR AT 00 B R R A

2.1



228 MO B

I B X ¥ ¥ K

%33 %

REAS DN e 1Y) o JL 88 K 52, XI5 R 5 Bty
ﬁ B U EE, T RE AR LR S Ak BE B R 4 SE B

RERS R, X A5 DN BERS RE AN vy, (ELJ T LRI TS
lﬁﬁE’Juﬁl% g AL PR PR BE AT AL AL B, B
IR LR f,, ZZH0ME SR £, S0 5
B, {55 ISR T, BIU AR 15 4 555 BT 5E
7 =2r/c, Mo r HEIEE FHARBIIEE , o R B AL R
B (3x10° m/s) |, AR 4 7 16 00 #E J 8 T -8 3
315 AT AR 3

cTf,

r=on (1)

2B
E S B R R 22 HUE 5 A TR AR SR A X R
FEFF S AT B U B0 AR 4 DFT, JF 2R FH Rk 6 B o
S FFT 118 DFT, 2833 FET J5 v DA ok
REHE 5 0 B U %
I =kAf (2)
Hr Af=1/T 3 DFT SR, kRS s
(B RAD XS N A B BT 91 o B s Bl 4 A= (1)
T £, BRI SR AR B, (0 i FA0E AR B i 200
W23 — AT ) B, 5 SR A X IO (18 A RS —
TEWIGF R 2 FOE 5 R X 2 S E— NI R 25
RECEERE R TR I PR R B A PR R AR . — &
B IR S WIE LT A N FFT (932 55
SECN,, BRI — A% N, D0 R R R R —
F5H20 L BRI AR LR A FL PR, 27 A % S TR A Tl
DL R 5 s o AL B BRSO TR A S HE E O Pl
WiH24 GHz, #5100 MHz, P& 5 EI 1200 s, RAEEH /1
200 KHz, RkE S KON 4096, 7E M S H0T , Rk I
D5 EBE AN 2 Fi

X:1.304
0.9 || r0.8175 A12.505
¥:0.776
08 5 ] I. l ’ \ ' .
071 [omt famr |
g 0.6 Z%( | )(20()7 X:2.607 |
= “ H “ 70,6637 y()(g
’IU;"O% f ‘ ‘\\ ‘ ‘
|
m 04 \‘ ‘ HH ‘ “ |
0.3 “ H ‘
0.9 ‘ ‘ \ ‘\ H‘
0.1 ‘
¢ 0 I 15 2 25 3

BRE/m
B2 FFT 4 R

P 2 R 580 it A BT BE B 2 B 0.2 m
0.8m.1.3m2m2.5m2.6m, A WiRELS5~7 mm,

2.2 FiLMAACEERE

A A A A T T TR RS B — R F )

g R NAE T FRT GRS SO0 )3 26
FEAR— R IEAFIE AR BB B 7 B b R iR 226 25 51
RSN YR 25 S SR (0 R A R FH A A7 I B 5
TERBHR S FRT Sk 2 31 S B 1E 0 007 B 1 I 2508, DA
X A0 23 00 7 745 1) ) RS 25 SR EA T I, e A5 31
—ANEE IR BRI 25 S AR ARL Y X) E IA
%i‘ﬂhvzpﬁ%%@iﬂfﬁ%ﬁ%}: HA M A2k
Al ARSI ABRSMA AL, T AN BRI S A 2 Fifl
f(ﬂ!'ﬂﬁﬁ%éﬂéf AR BRIk R AR P AH 5 A — > B B
3B PRLIG 2 PN TEORE A b ) B R R A
AET PRI 2377 A5 8 RO, T3 IE R 45 51, 3C
HR F A BE FET A 22 Bl I BRaE R A ) i 7
IEERFIE | N A RAEESEL, N, A B SE —A TP 5
S A TIPSR N - NS — BN
@, BN R @, , W BEF 5 () AR A2 T DL R ow
H

N, -1 N
oK) =27 (fy = 57 = == (k= BT (3)
N N, -1 N
goz(k)=277(f0+§—ﬁl3)r— IN (k—WlBT)W

(4)
PSP 9 B AR 28 0] LR

N, Nyoor

Ap =, — ¢, =27(1 —W)BT =27 (1 _W> AR
(5)
AR = /2B (6)

Horp AR /R TR IR B 3 HE T, =X (5) ml 4,
BN FN, A, 22 AR R 2 B 29 A5
IR, i, N HC4096, N, BL 2048, 24 r iR fL N
AR}, Ap BB fL /N 7, BRI, 7T IR —
G HERATC LA DA SR fiff 00 B

r :7A¢ AR
A¢ 1 &) (7)
N

2.3 MERSHEMEESNESE X

TEHATH M BE S, T FFT s8R R, B

I BRRAIT R S R AR A N S — N8R A A R

2] ) RCHE B, DA R B B i b ) P 5 SR (1] B SR
A LARIR A

_ S T_ Ny _ N . Cc

6R = AR N —ARN =N 2B

Va /g ya (8>

Ay, F7 OB AT B AT 1 A RIS R B AL T,
PR LA SR Ay S T A R o DU e 2 RS A A 4R
M2 AT AR K



% 3 4 M I, AR TR AR S AR S 0 F R T IRAR M O ok 229
T AH 2% ok g g i 23
i kR s (o) Forft r BRI A OF T BESRTE I T 53

27 (1 _W]>

XTI IRBE, N L4096, N, HL 2048 , FH 55K,
JETRF mm, WA 22 Ap 28401, 20, HBE 2 45 S A
KERE IR EN 1o R RESR RSB ORI BE RS, gk 1 sy
FRAEZ(9) EA A 55 A 75 14 17 0 SR A5
R e 0 B L E R L A3 dB,

F 1 BN R em

b PRSP SRR AR A AR
B pUlE=yic WHE R WEE )
20 20.508 20.351 20.35
40 39.551 39.864 39.866
80 80.566 79.942 79.941
100 99.61 100.0 99.99
120 120. 12 120.0 119.98
140 140. 63 140.0 139.99
160 159.67 160.8 160. 81
200 200. 68 199.9 199.89
220 219.73 220.0 219.99

MR 1 AT AR i, iR S A LA 45 5 /9 5 15 fiE
AR R AR DN BE B E | 5 R TR A 0 B 5 3 A
PO RS BE TG . FE MR OL T, R ZBORRERS
PRAE RS B2 IR 201 mm , 7R RO RS B0, iR MR
REAS DRI I RIRS JEE

3 KEMAREE AT

PR T K R A 9 R 9 R R ), T IR AR A T S
PR AN [R] T30 G B A — A 5[], 3 s i
SAE— M EFI A I AES 0k S B i B
— R BPAST Y R) R, 12 R B BORDRE X AR 35 R 0RS B2
FELERAA AR R S R R R TR B A VL
SRR FRIG8 Hh L A — A T, 0 e RS B 4k T
NP 3 Pl A8 e i) iS5 1 i P4 a5, S TR A LA L
o P A REABURL I B IS, B 2 AR 5 SR VE JEE 26 A 5K
0 K R FUPORTLE

H,

h

3 R TR LA ]

ANEHERIN S B RS, H, 5 H, 4300 3R i1 AL 1] 7Y
S ROBORI R B S SR ) 2 i B E e Rl B2 LA
Je =S pREPE T, AT LIS 3
H, =rcosf + cosa — rsinf + cosa * tan(a - 0)
(10)
H, =rcosf + cosa + rsinf + cosa * tan(a + 6)
(11)
SR UL H IR 7 A R B AR X AR S R
W2 FEIRRES 20T, AT R R IR S 2 o
VR 0, IR RE % A7 806 Hh i o 5 B2 X HRIHS B2 1 .
52, aniEl 4 R

1.5
g 1
£
i
i
Y
® o5l
00 0.5 1 1.5
BE B /m
(a) W FLSE Ny 5°
9
sl
7,
£ 6f
E /
£ /
an -
= 4
2,
1,
00 0.5 1 1.5

BEE/m
(b) PR Ry 120
Bl 4 ik o BRI 2 T LR

HP 4 AT, 2SR G B — e I, B A S PRI )
PR M AR, IR 7 A )RR B R 2 K 2 0
Y0 Pl — S I, Bt D0 A B2 PO R 7 A A AR B g i3
ZEMMR , 12 5O BORSEE TR, MR /N T 1.5 m
B A R 25 e KGR BN 11,5 mm, TAE 12° 0 I8 3 9 JiE
TSI E A S 5 mASBOBIR 2ZH0A ] T8 mm,
FY IR R R B v RN P27 0 N BOR E R 1 R 2k
I HIRMIEE A Gy i, xf L B REFR ) AE 22 4
PR RTINS B2, Wl IN B TR 9 L 24 Rt 2 N B 8 B A 288

OB AE T AT AR &



230 )R R S - N

%33 %

(AL — 52 AR B, AR A B (0 AN ], BRI 8 th 2 A
7 AR , MR BE o AN O BE, TTRATI A oo XSRS
S SR L A R B 5 40 1 G 5 ) )
(77 IR 2 7% 1) BT RN B | b 0y il 4 3 1) 5
WIFE D) o BLE I R S Ry 50 BE B M 1.5 m, WAl S
B .

15

10f

M FE S iR 2 /mm

-10

I 2z 8 4 5 6 7 8 9 10
WA ES
Pl S ORI A A 25 2

HIPET 5 FIRN A0 22 8 A ) 3 22 145 5 25 R WL
PG EOR YT em , [A]B SORIE B 38 B4 A0 [ 5
AraBEs R 200 E A 5 2 2 . 5° < a<10°, JRINAE
T FR/ N 5O, T DR UE T IR B AR RN AR TR
A XIAR 13 e TIANHE RS 5, 250 A R T 10°
PR, H T IR ST AR RO 1 22 2 (AR IR
RIBFAR, T B 38 T2 RE 8 1 A2 AT /)N ) I o9 3 )
R, PR AT LUK LU B0REY T 2CHEA TR

ARG LA FTR, D7 ok S5 s 11,5 mim 2
WA TERE Ny 5, CE A BE S 5OIE 1] i J7 i) B AR
B RIRZENS mm, [0 J5 5 10 Y B KR 22 07,2 mm,
TS B X $E R 2 S s H R G I 5 RS Y R Tk
PRI (0 B R B B A, 7 2R R (10) H (1) ¥
FAL T R R AIR 2 . SRR TR BRI 1%
ZEMNE 6 PR .

N

BEEEKXREMm

19770 20 30 40 50 60 70 80 980 100
MEREE/cm

6 FHRREWREEALR RRIR2Z K

Al A, B A AR S IR B RS I, A0k T RIS
TRERIN 1R 22 2ok N, Rl SR ZRINER 22/ T1 em,

FT FMCW ik B9 35 G0 7 i | >R AR R
Ik DL BRSO A S A (R S A B . 7ERk
JETRDAR AR A L e 256 AL 5 9 5300 2R AT DA X
P, SR R A5 R ST SIS AR
[, 7R RO 25 B R0 T R I 7 0 HEA T DA 25
T AZITIET AR BCE A B LSRR TR R
WIS M TR S5 5R AER & AT R
e B URGRIMAE EE DR FFTEL em AR 456 5 RN IE
Xt S5 DRI L A ZEoR 78 55 BRI 149 A1 5C I -5 B
FPRAERE L,

SEH

[1] Z#H, 249, 8—X, % TESRFEALLE
H[J]. ®EF5,2013,28(4) :152-158.

[2] #8, EHZ,HAR,F FATREZELR
BRI J]. B AR EFH,2002,11
(4).42-48.

[3] FAAP.IMAT9 AL 63T RA[J]. ARA
3% ,1985(5) :87-93.

[4] Hans-Peter Marshall, Gary Koh. FMCW radars for
snow research [ J ]. Cold Regions Science and
Technology,2008 ,52.118-131.

[5] R#H. FMCW &AM EAF E R AT 5 L ZH K
HAR[D]. @R B RE LR 2004

[6] HFXH,#%k,KH#El. FMCW & & L A2 0 IE A
gkt [J]. & F AR E A ,2012(4) .73-76.

[7] Jinyang Du,Jiancheng Shi, Helmut Rott. Compari-
son between a multi-scattering and multi-layer
snow scattering model andits parameterized snow
backscattering model[ J]. Remote Sensing of Envi-
ronment ,2010,114:1089-1098.

[8] John J. Yackel, Jagvijay P. S. Gill, Torsten Geld-
setzer, et al. Diurnal Scale Controls on C-Band Mi-
crowaveBackscatter From  Snow-Covered  First-
YearSea Ice During the Transition FromLate Winter
to Early Melt[ J ]. IEEE Transactionsongeoscience-
andremotesensing ,2017 ,55(7) :3860-3874.

[9] Fawwaz T Ulaby, Thomas F Haddock, Richard T
Austin, et al. Millimeter-wave radar scattering from

snow ; Comparison of theory with experimental ob-



% 3 4 Wi X, 5 — AR TR S A k09 F kTR ok 231

servations| J |. Radio Science,1991,26(2) :343 - [12] Xta%. ERESHENIEEXZ 5 AR
351. HID]. AR, &FH3E K5 ,2006.

[10] David G. Barber, A. K. Fung, et al. The Role of [13] FEFE FMCW & Aizm & F ik 2 Xt R st B
Snow on Microwave Emissionand Scattering over MIERIEAR[D]. Kif . K&EHF K F,2001.
First-Year Sea Ice [ J]. IEEE Transactionsongeo- [14] Merrill 1, Skolnik. & & F# (% =) [M]. 4
scienceandremotesensing , 1998 ,36(5) :1750-1763. T ow - Tk A 2010:617-661.

[11] AG Stove. Linear FMCW radar techniques[]]. [15] EM#k, X Z4, 54L&, F. FTKRA DM
Radar&Signal Processing lee Proceedings F, FERAT) [M]. e F . P EALHLEAINE
1992,139(5) :343-350. 2012.

A Method of Radar Snow Depth Detection based on
Frequency and Phase Algorithm

YANG Yi-wen, YAO Zhen-dong, SHE Yong, HE Wen-yi
(College of Electronic Engineering, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: The detection of snow depth not only provides meteorological data but also is closely related to people’s daily
life. Therefore, a wireless, non-contact and automatic snow depth detection method based on FMCW radar is proposed.
And ameasurementalgorithmto reduce the snow depth detection errorcombiningthe use of frequencywith phase is pro-
posed. Firstly, the coarse distance is obtained by frequency distance measurement, then the phase distance measurement
is used to obtain more accurate distance data based on frequency distance measurement. The combined algorithm can e-
liminate the phase ambiguity and further improve the radar detection accuracy. The simulation results show that the prop-
osedalgorithm can optimize the ranging accuracy of radar to millimeter level and keep the measurement accuracy within
lem in the radar snow depth detection.

Keywords : FMCW radar;snow depth detection jranging algorithm ; precision jrange ambiguity



