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Abstract

Under the background of the comprehensive reform of agricultural water price in my country, the
measurement of agricultural irrigation water in irrigation areas is strictly required. In view of the
problems of outdated equipment, high water measurement cost, and wide range of points in each
decentralized irrigation station, a large-scale, low-cost, and full-coverage irrigation station water
measurement solution is urgently needed. In this paper, the current indirectly measures the
real-time irrigation water consumption of the irrigation station. Taking the Machangtan irrigation
station of Ningxia West Main Canal Management Office as an example, the ultrasonic flowmeter is
used to obtain historical data such as the current and water volume of the irrigation station, and
the polynomial regression algorithm is used to construct the electricity and water volume of the
irrigation station. Converting the model, by verifying that the absolute value error of the model
prediction is 0.0092, it shows that the constructed model has good robustness and stability, and
can calculate the water consumption of the irrigation station more accurately. The platform has
the characteristics of online dynamic calculation of water volume, high accuracy, low cost, and
easy implementation, which can effectively meet the requirements of agricultural irrigation water
metering, and has good application value.
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IKBTIEADOE —Fh B RBHR, IER — MGt R, EAESHEM SR b B EEER . RER
ALK, ARV KIRZ 5 LEEOR, IRAERBEDK IR AR Stit, 2020 44 /K 2 B0y 5812.9 143777
K, Hoa ol 7K 3612.4 452 75K, 29105 SR 62.1%, & 3RIE /K 3 24008 & 3R R A0 K 78,
REMS A RS IUK BRI T 5 OR3P o (HRREHE N Ha GBI PE AR, AT & I KA WS,
IKBRIRGE TR G Hai R, 3R s A FARR R A e JE RE[L] [2]. SUbRIRy, eV K T7m, H
AT S AR B, /K B IRIR SR I R 5 A 2 H (3] [4]. IR A 3R B A KRR, b ARl 7K
i, (AN G [ K BRI ek ) 1), 2016 SR E 5 e kA (R THERER MK SR B E L)
HEREAO K TAR, i3 E A AT AT SR e . 2021 48 50K R AR et /2, ek “+
VO I HICEAESS, EIR CRTIRAHEBER M KN SR & ORI R« ek K B 2B R e
SIS b 25 A A, I DR ) B AR S5 VR L R R, WA TR PR R X T B O TR AR
NGNS AR B K T B AR IR RO .

A VEE B FH K B DA 8250 3T AR BEBE TR AN 2 HREE AT 55 U N 2. AR RERL A K T2 AT
R EPE B EE T B, AT ALK B sk & PR E A K 3R AR I R R MG fif /K
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WM T T A& 0 EEE XS] [6] [7]. HEXREAWERK & TERS A, dTk
GeAOVHEWE B AR R I RE R, AR 22 ME Mt e A E B HTK T B TAR SRR EEAN 2, AR AR R a5 R
By MR KERAR . G2 S, $120 79520 KRR K 56 o0 TARRIT . B ik
A HEBL DKM ATHERAR R 2%, i B AR B AT & 5, A LUESE AT . SE DT AR
K ETT A N B R AR R PRI, Hrp a8 b 1 7R R 4k RE 0% SR P P IAC 18] 120 12 v
v SN K, B REME SR BRANEAIR . St A7 B A5 L, SR FE R A L B 2 1
S0 IRAE BEAL B e, A 2 IR RS, M KRR, S s K
MR TAR, AR TATLKBHE, (et T E AR KN 5 A BRI R

2. HXHRIR
2.1. RAAKITEAZEATIR

FaT, REBA AR HIK TR T X B B RS . B8 i 2 Wi 7K AL
el KLU 5% R AT B 5 KR, AR S /K A7 15 it 2 A e i LK i AR Y, & PPN A
SR AN E I Je xR R AT A2 IE[8] [9]. IUA HIZE T/KALR E R R B, HitERE R AmEE T
TR AKALRER RO ENE, AIENEATENE. SEATEMN. BRMAHENE. WA AwE M
VUAST5THI[10] s £ A PR B AR REAT KT T, R E S [11]4R ik T SPOTS /G5 A1 DEM [¥97]
WRETHREINE, R ANZ I ERN RIL TR K AL R E 7 AW A e AT 7S, £ WEE
[12] e85 iR 2 e g B T2 2 o SRR AR B 77 (58 M SR UL 2. AR 7K g JUART T 25 B R AT AT I 2 A T
W PHNEAT R R T B PR R TSR R B R AT T E[13], BV ESE[ LA R K R L
MERG VM TEARA R, XA B e 4 AT LU, I3 25 SRBL G BEAT RALHT U Ja A DL & WG E AT
R B A B R RS, EARRE AR . BRI E R R TT AR LB R A LIS
BEAT . BERUANHA E R R BOR . AR AR BB AL . /K IR L E A e 3555 W [ 15]. BTk, tf
TR I E AN B S B A & 1 7 5 TR A SR (16T HR A B U7 2 K ISE X /RS i, 2 TR A R L
it s B A B P K M 5 N TR R I R, TR K& B ST AR & . HORAESE
B R A2 EE RIS L, R R et S U7k o TRl R Y V2 i B N R R 18] At B K
B, BIIRNA. KRR, MFEEASE[LT].

2.2. KEHEMRIARK

HUR B HOE R — R DA AW R TR T i, M e 0 B A0 H R 7 R P R R e A P AT
PR Z TR0 00 ARk F KR S TR T A o 3 B4 P o SRR A5 [1815R 2k T BGab b A LK B2
i oxl w T A A PR RE S AT A K B TH R, R BRI Y ALK B it & BRI 5% A ih 2k e T
FLSH) S NS AT HEK R A5G R o ZRUR[19] LA AL 18 B ilit: X ], SRR ARLE AR B A 1270 0 %
G BRI R K AT TR, ORI T RO B T /KR FH A R Bk IR AE Sk b e E TR
[207 s B 7K e #3271 A NV HE I R KT R B AR, Aok A% GeAli th I7 A RS FERUMIR i R, DAL
HH KR KR R G, JFIRIEEB AR R, (P RIPRE, W a RIS HE . L EF[21]
PRICFG I 7 /N R AR K R A SE BRI 00 BT 70 AL L K B i LA T SRR B L 3R AR A
YEAP Bl MRS 1, AR B K DAL AT K o i 1 77 5

LR PR, EE RN IR T AR B AR R 22 S MR R R SE R, i USRI
A i RPRE X P KBEAT TH i, T T s VR N B P K e B R 1R AR e B, B TR
e, AR ML KT B E R TR ASCEE UL T TR AL Sl e, TR
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VO TSR BAL B HOR RO P KA I e, HORZ v /NG, i T s, JR b AN B & R
MEACE: . BRI RTE EARINRAEE RS, AR ERNET %, SXIa R T oos, Be
ML TR R QWIS S P S5 . [R5 5 V8 T SR B A RPN 5 M e 2% 1 O BR 1,
TR AT RESE AR K R TS OE RL, AECE 2 BT LA A S — i T v 22 00 B0k 1 P R K R
PR, FadRAL AR AE RS KB Z RIIRR, FEm R IR, WLREB K, I SEBR |
RRRA A i MO 7 B PG T IR AN /KR o K B AN i

3. ARXE R EHiEKIE
3.1. #FERXE

PETIRAK 112.7 km, J290] PG X MR A7 B e i — 2 T2, BEST ik, KT8, RIIm. 5
2E, BT BB R . P TR AR SRR R PSR E TR A K. R
A SR AT BRI, B8 T R ) T R B 22 i kB vt e S RO EAT . 0 22 5] s /K L L 22
W4k 82 Jimi Ltth, (/K H AR S 2 X 4 B (17) 8 ANEIE A RIS 2211 AR AE 22 5w A 45 G DA S BR PG AR
AR, #EMEE), FEBRAKEEKR.

P2 N8 DI MR s ARTE TP T2 7 + 349 Kb AL, 22235 2 & s gonli R A =B R 0 3, TR AT
B AAEAENL. 2 AP —H DN600 Hi /K J) 818 . B it HL28 & 500 kw, /KR BT 0.29 m®,
KIEEAHHFE 57 m, KRR KAk 208 kW, JE/IE LTS 4K 423 km, FEBEA 1.2 JiH.

3.2. WHEFKIR

92 B SR VR T 7 B P8 T 3 2 v 2019 4E~2020 R LS AT K E € TS S5, DKk
Hob IR KA SEME o A SCIE R IR T 4 45 R 0 S b is 47 B i T R K R R R Y, S e 3 AR
il HH 7 B B o ) A R

4, IRRE

B LE M R A R — N H B RS 2N AR R MMEERIEXR, HH2THEESS
ANEABRAATZ MR, FEE LR 2t IR P2 A R iR 2 . R, AR SCR A el idh s 1)
i 2 TR AL, A NN & B AR R S 2 M 2 A AR R NA G2 T m 2
VAR DI RRE A R i R ARRAE 22 TS LA AR AL () 5 eR BE, ORI IR AR R AR LR M AR Ak . B
FASR T ST T, B2 B DA A B K RE 0380, AT DA — B BRI R 22, 4 s st 28 Tt
HERI R [22] [23].

FESLR, = (X, %o % ) B n MANBREI R,y (X)) RRZARAE ] 2R, o

k
FH 0 MENER RS, HAH N CREZHRAEATAE2418 Y Clyy Wk 2 Ma AR 2
i=1

RETRAETE 54 738 X, %, XX, X, X5 o BE Y (R) A K, R REFINAE R LSl 0 22 Tl I
HARRAE () IR I8 T R Z B NS (07, b7) -

fk(f(n)z a)j;(j()?n)+b (€]
=)

(a)*,b*)zargmini(fk(ini)—yk(im)) (2)

(w,b) =1

Reft £, (X,) TR n MANERI KN STRMHE, o, 0% 7, (%) 8 A SHRE AR, N
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N, (X,) A % B4 & A S N = zqmpf(mﬂmﬂmﬁﬁﬁﬁnﬁmAﬁimkmgmﬁ@

R TR BRI S, m BB AR 2 By =D (R (%)% (R %

i=1

% = (2 (R ) 20 (R ) 2 (R ) TR § A REAL B 5 SR 0L A BT AR (2) ) o
b 4-BIR G A48
O, 1) mo,
=2(w2xf—2(yk(xni)—b)xi) ©)
o, = i-1
oOE ) m
o223 (3, (3,)-x) | @
b i=1

Hho=(w,0, o), 2RE) R@)NETEH o F b RAMIHARMEREGE). (6):

w= il (5)

i(yk(xni)_wxi) (6)

_1e
X_mzxi )

EIEIRE). (6)FTRAHH o F1 b B g Fh B B B ke 0 2
5. SEfIEEE

RSO BTG T LA A T 3 R 5 K LSE AT R B TR KT NS 2 A M A e K
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Figure 1. Model order-prediction accuracy graph
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Figure 2. Relationship between polynomial features and mean absolute error

B 2. SIS FHBITREXRE

h BRI, BEE 2T BN, SR BN IER R L TR R, FEEMECN 6 I IA R i T
MIER 2, BRI A0HE 3R 22 e JG 36K, JREM SO 3 RHA B/ NI A E IR 7 . AR E
RIEMEN 3. 4. 5. 6 IF 051N 96.17%. 96.23%. 96.29%. 96.33%, FEAUKEHHEEFA —#, HAIE 4K
FERE A B B T SRR EORE R, R R AE S bR it AR B s FARIR B A . (R, 256 5 AR
RUMERf I K P AR 72 5 S B sie it ol B 2 [A) (1 06 R IFHEATRUIT 5, AR S 2 i B AR N 40Ch 3.

AR AH 3 MMANZER 32 m AR, BAIE 19 M HRH ST, #0 HIGEE 4 H
AT 22 T 2H G T 5 R a0 43 Sl in . 1 AR 2 P

Table 1. Raw data
= 1 [RiaEE

HAS X3 X X3 y
1 1.15 319 323 0.48
2 1.12 318 324 0.48
3 1.14 318 326 0.47
4 1.08 322 323 0.47
5 0.75 346 323 0.41
6 0.78 267 264 0.42
7 0.76 307 330 0.46
8 1.39 321 326 0.63

Table 2. Polynomial transformed data

2. ZMALHREEHE

RS 1 2 3 4 5 6 7 8
X1 1.15 1.12 1.14 1.08 0.75 0.78 0.76 1.39
X, 319 318 318 322 346 267 307 321
X3 323 324 326 323 323 264 330 326
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Continued
X? 1.3225 1.2544 1.2996 1.1664 0.5625 0.6084 0.5776 1.9321
XX, 366.85 356.16 362.52 347.76 259.50 208.26 233.32 446.19
X1 X3 371.45 362.88 371.64 348.84 242.25 205.92 250.80 453.14
X§ 101761 101124 101124 103684 119716 71289 94249 103041
XoX3 103037 103032 103668 104006 111758 70488 101310 104646
X§ 104329 104976 106276 104329 104329 69696 108900 106276
X3 1.5209 1.4049 1.4815 1.2597 0.4219 0.4746 0.4390 2.6856
Xsz 421.88 398.90 413.27 375.58 194.63 162.44 177.32 620.20
XX, 427.17 406.43 423.67 376.74 181.69 160.62 190.61 629.87
XlX§ 118492 115395 118181 112326 83818 54980 76995 145457
X1 XoX3 118492 115395 118181 112326 83818 54980 76995 145457
XlX§ 119978 117573 121154 112675 78246 54362 82764 147723
X3 32461759 32157432 32157432 33386248 41421736 19034163 28934443 33076161

X2X, 32868803 32764176 32966424 33489932 38668268 18820296 31102170 33591366
X, X2 33280951 33382368 33795768 33593938 36097834 18608832 33432300 34114596
X3 33698267 34012224 34645976 33698267 33698267 18399744 35937000 34645976

Tl L 2H X Xov Xe AR TEARLL. 15 LS 7R 2 5 HPLE T .

PRI AR — N R b, TR KRR R 1 SHELE TR, 2 SHEILE
THAATAE . R AR TSR B HIE 0 2 1 28], 2fEREERA—ImAkLEN,
B 7 B A — b5 B IR E AR T — FPAIXHE, R XNENEES T, SRR BN N
Z I ] A R ZE R . TR R RR DA 100 5 B FLRAE S TR K AL E IFE— M= 2 b, R sERR s
NI 58 7 FRIRAUE R B 9 1 22 8

I w2 BRI R(5) . H(6) KM FZSE o M b AR MR IR 3 Fis:

Table 3. Model parameters

3. RBSH
b X, X, X3 X2 X1 X5 X1 X3 X2 XoX3 X2
3.0216 3.0806 —-3.5710 -0.9033 -1.5725 -1.2268  0.2657 1.2874 0.7669  —0.1381
Xf xfxz Xfx3 X1X§ X1X2X3 X1x§ X: X§X3 szg Xg

1.0379 —0.5077  —-0.0116 0.3807 —0.0113  —-0.0468 —0.1666  —0.1381 0.0148 0.0164

Ferf Xy FIHHME RN 2 TG T Xy X B (0 AR BUE, oo 2 TR & T8 % B (B2 2
RSBt s N i 2 30 R SR AR BT A5 9 115 07 REE AT B0AIE, T 55545 31 [ )3 07 R T 45
WP RHE IR ZE 0 0.0092, BEIRLRZZHUN, FWAS RATF &b, AL REMS IR T (0 R vl AT T
I P AR B A S S MEER S S Y 1000 AR SRS AT HHE 1A SRR T AELRE AT X B BT A R
B, MR TRINAE K 2 A8 3 SAE T R IR AR BSOS HE R T 1 Rkt VR I R R R R R AT
TR 4 TN 25 RATIN AL £ SL PR 0.49 FHT, R BATRRMZ AL AE /) A& . TSR 2,
Ry AP AR, FEH OB REGRAEZN TR, wEPa SR, SR EKIHBEX X
AN AT ERR I TN . RO R L, AR R R AT SN AE A 1 T T A BRI, BRSO HE R AT

i 5 LTI S 32k H 0 I U
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6. 4B

AR i 2 R A 5%, SO 20 B0 A B 7 B 0 T SR AR B A ) g e It R it 1 1
Pt AL R K R R PN AR o SCAB6IE e A B e 2 T m] DA R R S R R B e, REMB I TR
i KR R R, D9 RERE TR AT SRS AL B IR SR . IR RS AR K BEAT R M T B
e, AT EE T 20 REL A KN D A T 635 K A S B A A 524

WAL A RBT FE — AR RS 2 HA R E PRI R, HNZN TR 2
NEZREA G TR R, PEAE PRI 2 1 B P AR ORAR 22 T AS SOR A it Ja (9 iy
Z BB, AR IS BRI R 2 A 2 BRI G 2 I, AR R A
a5 HER FE X A BORIET . 45 AR W] i 22 00K (B VAR RE A RO HE B L 7000 T B VG T IR B AL 1
Yy MERER vl ARl Y VB I A, (Rl R TR T 45 R P S X IR 2208 0.0092.  EAMERLIE B AT B9 )
B, BERS TN A TACRAT R I EHE T E X BT I8 2, R B U & B AE -

ML T Bk v A I A BRI Ay K, R R Tk, HERRE . A
BRI Sy TS, 8T eI SimERE Bt (1 /N RURSE BEAT BT, 5 1 SCBLRE DX ORHARE L AIRSAS
S AR K M T
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