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Table 1 Experimental design

Sk
RIS = —
A% E &g L) BJE/i/kPa  DZEA
1 -1 1 40 2
2 -1 2 70 1
3 -1 3 100 3
4 0 1 100 3
5 0 2 70 2
6 0 3 40 1
7 1 1 70 1
8 1 2 40 3
9 1 3 100 2

W 3 2K 35 miEE, BRI T B EENAE
& (EE 2, BELME , WREISE, %
VEHT SRR R Sk 25 S, KEERKHR (1 000 mL) &
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Table 2 Factor levels table
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Table 3 ULy (3%) uniform orthogonal design and test results

PN K 44 i
Zﬁtg A W% EFDR BRI DT H féﬁ(i& 5;;;%
(g'LY kPa
1 1 1 40 2 0.8809  0.0899
2 1 2 70 1 03802  0.3802
3 1 3 100 3 02270 04528
4 0 1 100 3 0.9351 0.085 1
5 0 2 70 2 0.772 1 0.2389
6 0 3 40 1 0.7369  0.3214
7 1 1 70 1 09155  0.0878
8 1 2 40 3 0.7448  0.2188
9 1 3 100 2 02476  0.5013
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Table 4 Results of extreme analysis of each factor

=} %\% i S Nrafi =N =
A A % E &b hb/(g-L) B £ J1/kPa D%H AR G iR 4y
1 -1 1 40 2 0.8809 0.0899
2 1 2 100 1 0.380 2 0.380 2
3 1 3 70 3 02270 04528
4 0 1 100 3 0.935 1 0.085 1
5 0 2 70 2 0772 1 02389
6 0 3 40 1 0.736 9 03214
7 1 1 70 1 09155 0.087 8
8 1 2 40 3 0.744 8 02188
9 1 3 100 2 02476 0501 3
Ky 1.488 1/0.922 9 2.731 5/0.267 4 2.362 6/0.630 1 2.032 6/0.789 4
Ky 2.444 1/0.645 4 1.897 1/0.837 9 1.914 6/0.779 5 1.900 6/0.830 1
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ky 0.636 0/0.269 3 0.403 8/0.425 2 0.5210/0.322 2 0.635 6/0.255 2
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Irrigation uniformity and flow rate reduction under different factors
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Meet1. UAEWIE A. SVWE E. TAEKE S B ik
IGNE, FEKBWEE Con MERE qo NEZIE,
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N, KPR RN R TR0 B0E, R S, K6l
K, ANRIACER AE KIS R B 2 SRR
WA T E M 2R S e E RE R>=0.682.
SIS E (Co BB, BT (4)
£ (B WRFEEE (PE ¥WET 0.05, M&Y
& (E) I P=0.012<0.05, ViHRTREAAAEARFLERT
BUARZR MR R 200, R IGIE 75 R FH AR 2Rt 7V 0B K 35
S (Co 5&EmEAREATIA
VRE K38 &) P AR A (R A AR Y
C,=1.466+0.074-0.253E-0.004B.
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Table 5 Anova with regression of irrigation homogeneity

(1)

W (E) /) PAEN 0.396, K&y R aIH R 5E
0.01 AP N, TAEEIIMEIERELE 0.05 KF
TR, TR T T R G R R
TRIEHT R, BESLIERIER 2 RF & IE &0 A
M ARG AT A, SR ZE PRI AR A ST &
BRVCHEE . AR R 775U B AR 0 52 0% R A2 A 4
B a0 R
q,=-0.204-0.0194+0.169E+0.002B..
k7 REMRRE T EpHE

Table 7 Analysis of variance of flow reduction regression

(12

7 ZERIR Ryl EHE 375 A P
JE| 0.192 3 0.064 0.002%*
Tz 0.013 5 0.003

R?=0.900
it 0.205 8

HOAROREEE, P<0.05; FRORRHEEZE, P<0.01, FH.
& 8 REMWE S HAE T AR

Table 8 Flow drop regression parameter estimation and testing

A SHUH bk t 14 PE

W -0.204 0.66 -3.114 0.026*
A I -0.019 0.21 -0.928 0.396
E (ZE) 0.169 0.21 8.176 <0.01%*
B (JEJD 0.002 0.001 2.717 0.042%

T 2R Syl HHE BiJif P14
EIfE] 0.521 3 0.174 0.033*
k2= 0.129 5 0.026

R?=0.682
Bt 0.650 8

W OARREFE, P<0.05; RAMIRE, P<0.01, TFE.
k6 ERY G EEEAHAE T AL

Table 6 Estimation and test of irrigation

homogeneity regression parameters

A SHH PR ZE tfH P1{H

W 1.466 0.209 7.030  0.001%*
A4 (BB 0.07 0.066 1.067 0.335
E (FibHD -0.253 0.066 -3.861 0.012*
B (JEJD -0.004 0.002 -2.031 0.098

12 NREREME (go) LMk EABEA, BiR
SRTRE, MMM AR, BRI P ) R
BCE AR AR T, R RRRY R OB, B
5 P T R B IR AR /N

It AR B VA 7 22 43 A R &% T[] A 2 B0 A o
SR RNE 7. £ 8. MR 7. F 8 Wk, HE
JE Y R B R2 N 0.900, [HIA T FERNA RO, B
B FETR (qo) LR, ZH0THASE (O |
e (B « T/EEN (B k. &1bE (B)
K] P<0.01, 1M LAEE S (B) ) PAE N 0.042, ik

FEIK 350 5] B TROMAR T (1) 4 6 R ZE 7 +0.189 9 LAWY,
B RAGHRZE AN 57.27%, nRMSE=19.15%<20%; i
BRI AT 1R ZEE£0.079 9 LAY, F KARHREZE N
93.89%, nRMSE=14.81%<20%. Hitta]LE S, Ll
2 A EERISUR R, (R AEAE LTI 45 SRR
ZERORI ), WAl F AR R P (R0 U3 23 BT A WA G
IF] #3
24 ¥ ESEREYIRE

A PPR XEKISIBEHATIHE 4, Sl S
FMME R Z A 9 Bin. 3R 9 1550, WKBEE
(Cy) #XTIRZEN+0.022 4, BEKBEE (€ ALk
PEREAL ) nRMSE=2.98%<<10%, X122 /N T 9.07%;
MR (qa) MZXTIRZELEL0.012 7 LN, RERK
AR LR PER AL ) nRMSE=2.42%<10%, HXTiRZE/NT
531%; LA b 2 DNERZIEFR BB AR RR 28
1E 10% AN, HAHZIE8 100% H. 2 MR AR E
BT MR ZEY/NT 10%, R R IR T

Xif AT £ 21 i) e e L L 2 3EAT A 4 BB R
S MBI N 0%, b EN 1 gL, TAERITA
40 kPa i, JiEFEIEMIS/MERN 0.041 1, ETHT
KIS FE DS 0.831 05 MEIEN 0%, HIbEN
1 g/L, TAEE 1M 96 kPa i), MEKIEIEA KM
0.958 5, UL TOLFLEFFTR Y 0.083 5.
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Table 9 Results of the PPR model calculations

HKIISIE C, LR ag
any —— \ — —. He —— \ — —
S i ARRE MR S i HRTRE AR
1 0.8809 0.8759 -0.005 0 -0.57 1 0.089 9 0.086 8 -0.003 1 -3.47
2 0.3802 0.3650 -0.0152 -3.99 2 0.3802 03717 -0.008 5 -2.24
3 02270 0.2443 0.017 3 7.63 3 04528 0.460 7 0.007 9 1.74
4 09351 0.9570 0.0219 2.34 4 0.0851 0.088 4 0.003 3 3.89
5 0.772 1 0.750 2 -0.0219 -2.83 5 0.2389 0.2516 0.0127 5.31
6 0.736 9 0.715 4 -0.0215 -2.92 6 03214 0.316 1 -0.005 3 -1.66
7 09155 0.8955 -0.020 0 -2.18 7 0.087 8 0.083 7 -0.004 1 -4.72
8 0.744 8 0.766 7 0.0219 2.94 8 0.218 8 0.218 6 -0.000 2 -0.10
9 0.247 6 0.2700 0.022 4 9.07 9 0.501 3 0.498 8 -0.002 5 -0.50
2.5 NSGA-II #£#! i UL P T s B I AR IS ) 2 S EGR E

FET RS RIRE /K ) 50 BE RN & PR S5 i AT 1Y)
WREE . SR, TAER 2 AR R R,
8 F NSGA-IL A THUEEREL, S RMAREZM T
FRBANMRE . BER—THEMAT, EKHEES
TR EIR I BUS IS ZE pareto BIVSFHERS, FHIM T
R L. i 2 W%, PPR 1 EAL TSI HOK
VEK I 51 BT B B i B 2E ) sV AE pareto T
B, 11 —4d PPR i HAT 545 R & pareto RIS
B PPR 7Y 5 NSGA- TT AR T 45 B4 A — 35,
B TN E 0% SbE 1 g/L R TAEE S 96
kPa, JLHSHEKIGEIFE N 0.958 5, Jii & F4E N 0.083 5.
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g 8350 | P
lig o ° 1 d
= 83 | o
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P 8.346 o *®
8.344
8.342 1 1 1 1 1 1 1 1 1 J
0.8310.8510.8710.8910.9110.9310.9510.9710.9911.0111.031
KB BIEC,
B 2 pareto AT %
Fig.2 The pareto frontier
kY <
3% R
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Hl, &kt 2. KRS, MaE S ES
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Optimization of Drip Irrigation Belt with Interior Embedded

Patches Using Orthogonal Results Analysis
TAO Hongfeil?, LIU Yao?, TAO Juangin*?, ZHOU Liang?, LI Qiao*?,
MAHMUJIANG Ahmat'2, JIANG Youwei'?
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgi 830052, China;
2. Xinjiang Key Laboratory of Water Conservancy Engineering Safety and Water Disaster Control, Urumgi 830052, China;
3. China Construction Xinjiang Construction Engineering, Chengdu 610000, China)

Abstract: [Objective] Embedding patches in drip irrigation belts is a technique to improve flow rate and irrigation
uniformity. The purpose of this paper is to investigate the impact of various factors on performance of the embedded
patches in improving irrigation uniformity. [ Method] Using uniform orthogonal design of experiments with three
levels of factors and experimental study, we analyzed the influence of sediment content, working pressure and
slope on performance of the irrigation belt. The relationship between change in these factors and irrigation
uniformity was analyzed using the PPR model, NSGA-II model and linear regression models. [Result] (DThe
influence of the three factors on irrigation uniformity and flow rate reduction was ranked in the following order
based on their significance: sediment content>land slope>working pressure. Analytic hierarchy process and range
analysis both showed that sediment content had the greatest influence on irrigation uniformity and flow rate
reduction. @Regression showed that irrigation uniformity and flow rate reduction were linearly correlated to flow
rate, with the standard error for the former and the latter being 19.15% and 14.81%, respectively. 3 The projection
tracking regression for change in irrigation uniformity and flow rate reduction showed that the standard error for the
irrigation uniformity and flow rate reduction was 2.98% and 2.42%, respectively. [ Conclusion] The PPR model was
better than multiple regression model for predicting irrigation uniformity and flow rate reduction. Its results are
consistent with that of NSGA-II. For the three factors we considered, the optimal working conditions for the drip
irrigation belt with embedded patches were slope: 0%, sediment content: 1 g/L, working pressure: 96 kPa, under
which the irrigation uniformity was 0.958 5 and the flow rate reduction was 0.083 5.
Key words: inner patch drip irrigation belt; irrigation uniformity; flow reduction; linear regression models; PPR;
NSGA-II
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