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REM, FRM, XA, AE, ZBF 2

(1. BIRGETEHS MLHRAEALTFIL N, P52 710054; 2. K222 i TR 54245, V642 710054 )

i E:ARFMHIEE ZRLET P K40 F (Global Navigation Satellite System Interferometric
Reflectometry, GNSS-TR) 4% R 4F 4 — £ #7246 69 o & R 3w Boml 5, £ & B KR TR F 2 a4 7 &
KAZ W M AT AL BT BRE T BAEEERXR TGN, ST, EAXERT H FLAER
BR SR Ty 8 i B 24— AR HEATHLIE . A U F R TR AT GNSS-IR AL % AL M5l A7 o 8 i 2
R, BT A RKIRER | B RE KRB N EARFRATT 5 RAT B RE RN
7 GNSS-IR £ EH A sh g ARt Ik, R AT T & H GNSS-IR B ARATER R G MEER, §EA
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PER SIS GEIR, 45 A% O AL B R AR I Y i
ik, RAE R AR ML S RGRAE | RBAR AP IE H A 3
T S I OCHE . R I K e IR 25 T LA S AR 14 g
PR, IREERR R A, AR Tl A v, BERARE T
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FEARBE T R SR,

T GNSS-IR HARBESE R A FLHE, (AHRFEL
S A ST RS (BeiDou Navigation Satellite System,
BDS) By PRk i, RIS R T FH L5, &
BRI TEH AR | B8 TT & e 52 B v ]
SEJ7 T R T R X B R AR SE T
GNSS-IR FEAAE AR A Mg 0 v By vl 1, G4 3l 17
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FH, ARRASRUEAL AR HE B T WSl
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FEUE | DX IR S AU B e G TRIE . AR AR fERY
W FE e A A B, AR L3y T A T s v AL
JERAHR . ASCEFERIT GNSS-IR H ARBRAET K, 1+
W OCHER AR | N 55 | B0 b B A AR v A ) A
PASZHF GNSS-IR FARAE—20 A& i 5 0 H.

1 GNSS-IR 7K AS Ak Wil F A

1.1  GNSS-IR 7KL 3E 14 M5 = 28

24 GNSS TR &M iE SHGAHT S, B T A—
T HEE LRI, T 5, i —
WA S SoKI RS, BT R 5 H AR
KEAEZES, XG5 ER A B =&, 8
ST WA, XA T V5 (5 5 i A A
B & HEARAR, X SR AL 5 RO, BV T Y i B
AHSG. 38 2 AbBRESOH LR AL B A0 2 B A SRR
B I AR s, HE T AT E 5 AR R LE (signal-to-
noise ratio, SNR) ZF4F1E. 247K T i B & A= AL}, J
S5 I BRI B] -t 23 B 2 0%, iR 5 1 2 SNR il
LRzl F R BCA RIS SNR jh £k shk A7 20 Fr A
il -, TSR R KT s AR TR IO R 2 AR B
i, DI SE IR A7 A8 Ak W 1
1.2 GNSS-IR KL IS BT % %

GNSS AL, 1F A GNSS-IR ZR 48 A 1] ul i )
B8k, A E IOk B R LS S W E TS,
XUE(ESRIE) 7, M T GPS. GLONASS, Galileo
LI & BDS 4 Z 4> GNSS. AL GNSS 2 HLE % T
kG BE R 5 e A S AL BRAR Y, REAERS v b 2
FFIC SRR A BNIR T ] | 58 3 45 5G4 B, LA Trimble
N AT A3 RS 91, HEoR AT 2208 1 et
ARATTRIAE PR 220 DR, X — ik RIg T T iR
EMRCE SHERM:, RS EdE ot SR AL T
1 ST LA,

REH T BRGS0 5155, /& GNSS-IR
RE P E I, 7E GNSS-IR B 7, i
23R IR R, X R LA B AR EE, fE
b R RO E 5, $ i RGN U 5 1l
ARAETT. BLAh, REKE 25 5 AR TPt AR 1 2 5 i
RGEMERE R CEESE. RO AR O T LA R
DR 2, $5m DU AL PSR 3 & Rl R 4ok A&t
Z TR ST, R i — DRSS MRl i
WD 22 B AR UV A R B, 42 T GNSS-IR REEMY
Hji‘lﬁ [6J.

1.3 GNSS-IR 7KL ZE 14 Bk
KA WS ek T i 5 H L TN R, H—,

1 408 30T W 7K 3 LR E 5, fR RE SRR 7 1 T
BT, R OR R S S5 5 Joile Py, 8 SR 7 R 2k
JE Bl s YO D (A £y 10°~ 15°LA 1) INARAFFE R K
S L RS R, L, Dt T A TR E
Hi AT =2 1 AP0 ik it Y AR 5 P 2 00 e 45 SR 11
SR, 9 G n] g R R S R BE R I
GNSS-IR 1353 5 F GNSS $UshL . KL $diic %
iDL B L PR A SRR AR, SRS R e Tl HL =
FER SR 1, R ) T R K 807 1) B 2 H
TG HMOHLR A 0 R 5icd , DAHE S Se kb 3853 #T
HLIR A A R GRS 1 L LR, AT R
FHTTHL . K PHBE L Tt AR 5 5 e st 2 A SRR r B
HERFIINE 1 FR.
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GNSS-IR 7K ZE AL 5 ESMF R IR
[l b X T GNSS-IR AR I 5EE L F R, 24>
KRB AEIZ SUETT e TR ABFFE IS 1
BFERSR. L NASA 2 FIBFFE b TE 1996 4R IT
T A HIRUS GPS {7 516 T i 17) HUH SR B 2= AE R
HSEERBIFSE TAE. 2013 4, LEREHRIZ A1) Larson
PR BVH AR T —Fh T SNR EHE 90 25 45
B, BT 2 AN RIS, SRR, /e H
T AE AR BB NI sl v, 2D e R B T A
R AR B, 3X— SR AR DG U ik — 2P 5 5 1
PR T EE WS B ARYE 7. 15 E )k S AT 0
(Helmholtz-Centre Potsdam - German Research Centre
for Geosciences, GFZ) | F§ GNSS-IR £ AR i 17 4 B}
] P2 KA i, 254 T GNSS HORTEIA I
BAE P AR RCR, K XU PR S 1 B S
P SCRF . HARZR BRI ] GNSS-IRECA Wl 7 187
Hb DX AR TR A XA, 7 B AR S R )
[H], 2B REAE S At ok B2 A 280, D HAR
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149 B I R AR AR SRR . S AR TR AR AT B
FEJE T X0 0 [ VRV ATAT AL X S8 GNSS-IR 143 5
IKAL WA ST, GNSS-TRFEAI & 5 14 G A 3l i
R 25 T AE 2~3 emit [l 1O R FIE R B R
SIS A BATE R R B0 1 ] GNSS-IR AR HEA 7]
AW 55 Ve A AR IR VTA, ST DA T S e
DX A4 22 Ak, SR A A R R AL T R B4
s SR PR R4 2 AT BA R GNSS-IR AR I
JE AN MK ST, o A5 DG T vk s 7 55 b DX i K A6 AR
b, TER SR SR T, GNSS-TR A3 RE 2 Ak G 4 19
IR W DES A, S8 S5 AR AR A T it S
i 2k [ [ R 25 (8] WF 28 .0 (National Centre for
Space Studies, CNES) ¥ GNSS-IR £ A& FH T 4 fili i
TR ZE B 7K AW, B Wil 1 224 ) 2219 1k
IRAEAEAL, SR7K SRS B AL T 8 S 1,

S [ESME GNSS-IR HA BIBFFE AN J7 1 2
ZRAT TR AR R, T T AR S8 38 BRI
Z, HBUE ML = B AR dE L 41 21 (International
Orgnization for Standardization, ISO) F1JE 7 B, {5 156 2
(International Telecommunication Union, ITU) 4§ i A
RATH T TEXT GNSS-IR 7K Wil ) H AR HE RIS
2.2 GNSS-IR 7K 2L S5 E R 5T IR

TR E Y GNSS-IR FEAMEFEE A HL M, 4515
e i A W 20 (61 A0 E A R AR 2l L, PRk daiik | ek
b g, W 7 — g it Jig U4 iR 2E bt 5 A1 BA 3
T — P LT GNSS-IR #9200 i il 15 7K Sz i ) 7 %,
5 E$ik 15 S T 23 S R T R 1), YT R )
i1 GNSS-IR $ARTT K KA 825 W I, Bl 1%

T F GNSS-TRZK A7 i)

FORTER K AL iy A B e 07 1O, ST AKOR 22
USR] A GNSS-IR $2 AR, T /K 1284k
F14) S s 300 R 9 17, A s B TR 2% BT HKQT il
ui Ik 4 451 GNSS Zls, FI 1] GNSS-IR AR #HA7
TR A I 18 mg Rt ARl K4 FFH BDS 5 GNSS-IR
BARGE A, FERBINA/KA AR WA 5T 1), YK
WFE A B /N 43 7 5 BP 2 2% A 45 4, 32 T
GNSS-IR A 18 7K A7 2 T8 A JBE 20 AR 22 27 3 34 %8
GNSS-IR /KA A T T IR ABBIIISE, 72K
T TR | VR Hb IX S5 AN ) (1 K SR B I J2 T 1
25, IS TR S R 2124, SR, 5 A
TR, T 1= H Fit i R & A GNSS-IR AHICHRHE.

Z5 a1, GNSS-IR 7K o 722 Ak W i 4 AR A [
ANEEEIT R, BN H 2872, (A AR A Bk
SHOLBRTESL R H ik = G0 — R, 5o | ok
— S IHE) AR . PR, 2 S 5 A A b X 3L
PRI AT S 0 M 55 2 A

3 GNSS-IR 7K A 2% £k W I v A 25 44
R K T SR T

3.1 GNSS-IR KT MEMARER R AR B

AR S A% [ A 2 GNSS-TR KA 28 Ak e 6 AR
L FHEIR K 2 J R 4 TF TR AT, R ARAEAR
[ AR FH P AR AR AR B A5 5 I B 1 . B AR T8 A%
55 T AR G, 2R T B GNSS-TR 7K Ao A8 Ak W i
ARIFRUETS K, M 8Bl 5 B PR R RAESL. f gt
AN 2 Bos.
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IO DX

| GNSS-IRAK 3 et

ST GNSS-IRZK A7 53]
PR AIERE . (5T
AU FEH A
FEb RS

B BEA ] K B GNSS-IR
KA W bR 1%

A4

F 13 GNSS-IRbR iR 2

HEZE

A GNSS-TRZK A Wa i
FAR AR S AR
HEhm . AR R R
AR . BB RE . &
& BRI R K
FrEAR T oK

FZRARER R, W
F10y2803 4. MIEE
AL BUEARIBUE L, K
55—, 24
Jo kA B AGE 22 441 B2
FTHEZR R

2 HMEBRRE

5, A GNSS-IR KA i U H A i HAR R
A, AR SCR IR R (R SRR R R E R
AP L TR 25 . SR B X0 AN [R] 7K 380 GNSS-IR 7K A 1
I AR AE DG BCHEA T I 20 S 28, B AR S oy T Hp
TE BRI K. F IR AR 5K, % HatE 1500 280021,
NFERTE | BB AP S IS5 | A S o
A ZAYERE N, MR ER RAESL.

3.2 GNSS-IR /KL MR E AR TR S

2 R | T3 7 A AR R PR R SCHk AR, A
i 22 5 AH G SCRR, A GETHER AR LR AN TAT 3 .
Xt Pl P 244 B2 e SRR B T LT AT A%, A 2012
AR, R E 7E GNSS-IR ZK A A2 A s 0 77 T 52
JEFFLEEETY, HALAL PSSR b O RIS, HAETS
LA SRR
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e 42 FRSAEBAHTE
ol FRUL 5 LTRSS AT GNSS-IR K (325 1
= o A AL TR FEVRR . bR T L4y
3| GNSS-IR 7K (1725 fle i R 1 R 45 b B 7 i %

R T T
A S S T S S A S R T A A VARV
A AT AT AR AR AR AR AR AR AR AR AR D
Ay

& 3 GNSS-IR KL ZE b Wi SC ik 3 2 22 it

R SCERBIFTE R 22 T [1] 14340 A T T A7, T[] )
TLAKAL WAL 1 o BEAR D, AN [R] K AR A s A it
B BA R E R RIS, Z%00) Trimble NetR
FRINR FE ; XHF 5 U B 18 B B A SRR X 4,
PLLLL L2 35 FORTE bR 9 bRt A R GeH
3, RZRUI IR 2 (root mean square error,
RMSE) . #HOCRECH £ B TAEHE AL T K AL
80 TR 7K A7 25 S () K OGS | 5 B 1R 1 Lk =
PRAEACFIRLTE A, RS2 FRS 8 138 -t e D FR v 252
—8F, FECYRKA W SR IEHI R bR B —Fh
TR AL HPIRES, AN IX | BLA B 2R FH 897K o7 1 0
PEHHEAR T 2507 31, Bt 2 Tl E AR B2 B S 1542,
S A AW TAEME UE B — B AL P
PIARIEAR ZR . S T SE RS HE . 880 KA il H A
T YT EXNT GNSS-IR 7K A 28 Ak W F A 1 107 4™
R RIT IR R S, B g I 2
PR AR EAR 2R .

4 GNSS-IR 7K A7 A% £k Wa I by v A4 ZRAE
LAY IAYE

TEAE E SR ME GB/T 13016-2018 (brifiih 2t
A IFER ) MATEE T, 454 GNSS-IR /K7 245 fk
DA B i RS BR R , #9HE GNSS-IR 7K 3728
FE M BR R 2R AR SCHE 9 GNSS-IR 7K A7 ARk
MFRER R FEHR LT 5 A~—H35H AL,
4.1 EAh@AARE

FEAE 2 B AL GNSS-IR AR 37 A8 Ak W i 4%
ARG RERAE | S IEERR v, B3RO A W S 5
S EIR B . IR A HA S AR A BRI
i o171 AT S GNSS-TR 7K AV A8 £ W i) i it 25— (1% 33
filh, ELAA 5 48 5 . % AR E AR AR
T IS HE SR 3 A TR H.

3 N7 TR, Bt R AR A il 3 2R A B R 2
N o AN G 2 BN (== L L= R o 3 AT} ¢
BR . B R AR bR o A DR AR B R B s B A kG
JE TR R — S, LA L S A BN Y
2R B Ak B R v 2 R R A B T L U
T SO E E T K.
43 NARSAIRE

97 FH IR 45 25 bR 2 % GNSS-IR 7K Ay 254k W i g
ANTR] S R K85 5 1 & FAR . AN [R] AR IR R
FET 3K, 43 ) il 2 AH A8 AR v, R KA W ) T
L BORFE bR B A 7 T N A, DAER R K AL
I R A Xt P R SR R ZERT A K IR IIA L Y
TIACIE | VIR IX 3 A3k,
44 RSN FRE

K56 5 MR 2R MELL GNSS-TR 7K A7 25k W i) EL
A AR B PR Sk SR, RIS 0T o A AR 56
BRI FREEAGIN 3 S 23S H L XA S AR E L
FE T X GNSS-IR K A7 W S8 1) Mk RE G b | A i 22
SRR HE T VRS T AR 3 N A R Tk, B ORAER Y
ATEEME R FA IR T B A T 65 A B AR
. IO7 FH R 45 A 5 A IR 3 LR, ARIE KR Y
IHHEE R RERT A FEASER . FRBERG AR v L T %
VI AR P B2 SRS 773, A o W O 5B 1 v
ANZ IR R 3R B 5.
45 FREEEALINE

TR BRBRUELL GNSS-IR 7K A7 28k Wi 8 %
(1) ELAATIT E S S, X X G2 BT dhA T i) i SR o 4 B
PR UE. 1Z K] oy R PR L I H A R
LG 3 AT H . R AR ERE T
XoF 7K AT W R %) B R DAY T | R A o R AR
B DR I S SR P BT e A5 R AR ME R EER . T H 4573
PrRUE TR 1 I H St R A LV R R A
BOASAE BRAE 5 T 2K, DRAEIH H IR S5 42 4
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1) RAREE R A SEAR AL BEbR AR R k. U
TEAESR H SALSZIE W 5 T8, R 7 InsE % GNSS-IR
AL 725 Ak W U AR 118 50 SR A 55 5 Ak 3 o 1)
il 0 B 38 L K — 284, ASOCE R InFR A% S bR
HER B, TE 2 S AR T L A, DT A [ PR e S
d PSS, FETF GNSS 32 B0 FH Pl Ak & i () 5K
PR oK, I i T IR o (4 B 52 5 1 s A 22,
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Potential demand research on GNSS-IR water level change
monitoring standards

WU Huilin!, JIANG Dapeng', WU Tong', ZHAO Xin', WANG Hengli’

(1. Institute of Surveying and Mapping Standardization, Ministry of Natural Resources, Xi’an 710054,
China; 2. College of Geology Engineering and Geomatics, Chang’an University, Xi’an 710054, China)

Abstract: As an emerging means of surface environmental monitoring, the Global Navigation Satellite
System Interferometric Reflectometry (GNSS-IR) technology plays a crucial role in enhancing the efficiency
of water resources management in China and ensuring the accuracy and timeliness of water level monitoring.
Currently, there is a lack of unified standards to regulate the relevant technical methods, operation processes,
and application of achievements. This paper focuses on exploring the potential needs for the standard of
GNSS-IR water level change monitoring. Through the categorization and systematic review of the involved
water body types, monitoring equipment, band characteristics, evaluation indicators and so on. This paper
deeply analyzes the current standard situation of GNSS-IR at home and abroad, and systematically studies the
construction framework of the technical standard system of GNSS-IR in China. The aim is to provide a
reference for the standardization construction and promotion of GNSS-IR technology in China, and further
improve the application level and industry influence of China in this technical field.

Keywords: GNSS-IR; water level; change monitoring; standards; standard system

(L#% 21 7)

noise ratio (SNR) data from multiple GNSS is collected using two smartphones: the iQOO Neo 3 (IN3) and
Xiaomi 8. After processing the data with a multi-scale wavelet decomposition algorithm, a nonlinear least
squares method is employed to extract the oscillation frequency of the high-frequency coefficients via
waveform fitting, retrieving the reflector heights between the land surface and the antenna phase center.
Finally, the performance of the proposed method is validated by comparing the reflector heights obtained with
in situ measurements and those from geodetic GNSS receivers. The results demonstrate that noise signals
negatively impact altimetry using Android smartphone-based GNSS-MR. The root mean square error (RMSE)
of GNSS-MR altimetry for both GPS and BDS satellites are less than 10 cm, and the stability is significantly
better than that of other single-system estimations. Compared to geodetic GNSS receivers, smartphones
benefit from longer SNR arcs. The proposed method provides a foundational theory for developing low-cost
ground-based and low-altitude airborne GNSS-MR monitoring equipment.

Keywords: Android smartphone; GNSS-MR; signal-to-noise ratio (SNR); wavelet decomposition;
reflector height
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