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Optimization of technical parameters for border irrigation based on
principal component analysis and parameter design
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(1. Key Laboratory of Agricultural Soil and Water Engineering of Northwest Agriculture and Forest University ,
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Abstract: Pointed at the current situation as unreasonable evaluation of irrigation quality, lower irrigation quality
and high fluctuation caused by more evaluation indexes for the irrigation quality, existed the spatial and temporal variation
for the natural elements and possessed control error for the technical parameters. Based on the field irrigation experiment,
using the principal component analysis calculated the comprehensive principal component of irrigation quality for the eval-
uation index. Utilized the parameter design method, carried out the optimization for the technical factors of the border ir-
rigation. The results showed that: The comprehensive principle component of of irrigation quality can be represented
99.99% of variation information of irrigation quality and obeied the normal distribution. Meanwhile the variation of natu-
ral parameter and technical parameters error can be produced higher influence for the irrigation quality and its robustness.
Through simulation and validation by the measured results, the optimal combination for the technical parameters of border
irrigation in Jinghuiqu Irrigatin Distract were border width 3.5 to 4.5 m, border length around 120m, the unit width dis-
charge about 9 L+s™'*m~" and inflow cutoff ratio approximately 0.7. At this time, it will be a good irrigation quality
and robustness.

Keywords: border irrigation; evaluation of irrigation quality; principal component analysis; parameter design; ro-

bustness; sensitivity; optimization of technical parameter
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Table 1  Simulated by WinSRFR4.1 and field measured parameters, statistics and mean values testing

I fE b2 Bl (oL
7% Range 8 L X
S Mean value Standard deviation Testing
Parameters AL S S ] AL S B
Simulated Measured Simulated Measured Simulated Measured Sig.

% Z -1
AVS%;& K/(.m.m b 83.460 147.200 127.980 109.682 20.626 47.742 0.729 0.473
Infiltration coefficient

\‘Zg -1 K
)\"(/‘}a?ﬂ'a 0.393 0.500 0.510 0.560 0.114 0.144 0.730 0.473
Infiltration index
o 32
B n 0.134 0.080 0.107 0.114 0.040 0.022 1.576 0.125
Roughness

T Y5 )30 A 34 (E R 00037, AR 22 4 0.0008

Note: Mean value of field measured slope was 0.0037, standard deviation was 0.0008.
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Table 2 Simulated experimental scheme design of Internal table
PRSI B q/(L's’l'm’I) K L/m PR AL g
e R Unit wide flow Border length Inflow cutoff
Number

JKE Level HUE Value IKF Level HUH Value IKE Level HUH Value

Al 1 6 1 80 1 0.7

A2 1 6 2 120 2 0.8

A3 1 6 3 160 3 0.9

A4 2 12 1 80 2 0.8

A5 2 12 2 120 3 0.9

A6 2 12 3 160 1 0.7

A7 3 18 1 80 3 0.9

A8 3 18 2 120 1 0.7

A9 3 18 3 160 2 0.8

R3 MEAR A6 IRRERIHTRITEER
Table 3  The external table experiment design and calculated results correspoding internal table A6
AR
R _ql ) L' /m Y K ) a N S Calculated result
Number  /(L:s™'*m™") /(mm+h~*¢)
F P,

B 11.4 152 0.67 102.719 0.241 0.058 0.0027 1.301 0.241
B2 11.4 160 0.70 127.980 0.381 0.107 0.0037 0.775 0.767
B3 11.4 168 0.74 153.241 0.521 0.156 0.0047 0.245 1.297
B4 12.0 152 0.67 127.980 0.381 0.156 0.0047 0.539 1.003
B5 12.0 160 0.70 153.241 0.521 0.058 0.0027 0.825 0.717
B6 12.0 168 0.74 102.719 0.241 0.107 0.0037 0.178 1.364
B7 12.6 152 0.70 102.719 0.521 0.107 0.0047 0.389 1.153
B8 12.6 160 0.74 127.980 0.241 0.156 0.0027 -0.623 2.165
B9 12.6 168 0.67 153.241 0.381 0.058 0.0037 0.304 1.238
B10 11.4 152 0.74 153.241 0.381 0.107 0.0027 0.155 1.387
BI11 11.4 160 0.67 102.719 0.521 0.156 0.0037 0.915 0.627
B12 11.4 168 0.70 127.980 0.241 0.058 0.0047 0.564 0.978
B13 12.0 152 0.70 153.241 0.241 0.156 0.0037 -0.353 1.895
B14 12.0 160 0.74 102.719 0.381 0.058 0.0047 0.773 0.769
B15 12.0 168 0.67 127.980 0.521 0.107 0.0027 1.117 0.425
B16 12.6 152 0.74 127.980 0.521 0.058 0.0037 0.757 0.785
B17 12.6 160 0.67 153.241 0.241 0.107 0.0047 0.102 1.440
BI8 12.6 168 0.70 102.719 0.381 0.156 0.0027 0.032 1.510
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Table 4 The load matrix of revolved main principle components and contribution rate

E . . " - N b1 , D& FIT Tk
L Mokack  dkmsE REBRE fokeck fpEm OO UL
Principle B P W D P Ficenval Contribution rate Cumulative

component “ ¢ . r ) igenvaiue /% contribution rate/ %
F, 0.994 0.123 0.994 -0.528 2.270 56.762 56.762
F, 0.074 0.983 0.075 0.282 1.057 26.419 83.181
Fy -0.079 0.136 -0.078 0.801 0.672 16.809 99.990
Fy 0.014 0.000 -0.014 0.000 0.000 0.010 100.000
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Table 5 The simulated results for each scheme of internal table

ES A BITHE ¢ K L BN RIE P, fEME L 9
Numbers Unit wide flow/(Lss~'*m™") Border length/m Inflow cutoff Sensitivity Signal-to-noise ratio/dB
Al 6 80 0.7 1.130 1.704
A2 6 120 0.8 1.141 1.889
A3 6 160 0.9 1.671 4.876
A4 12 80 0.8 1.390 3.412
A5 12 120 0.9 1.853 5.736
A6 12 160 0.7 1.098 1.574
A7 18 80 0.9 2.271 7.310
A8 18 120 0.7 1.419 3.726
A9 18 160 0.8 1.899 5.959
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Effects of controllable factors on signal-to-noise ratio
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Effects of controllable factors on sensitivity
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Fig.1 Effects of controllable factors on each level signal-to-noise ratio and sensitivity
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Table 6  Analysis results of robustness and sensitivity

Rttt b7 REPES

Robustness analysis Sensitivity analysis

Wi Bk Wiy B

Mean square  Sig. Mean square  Sig.

¥ Factors

FEH Model 5.576  0.096" 0.219  0.071"
R Intercept 145.475 0.004" " 21.400 0.001" "
YR ¢

Unit wide flow 6.507  0.081* 0.248  0.062"
/(Les™'em™1)

M L

Border length/m 0.126  0.820 0.013  0.565
oK g o
Taflon cuseft 10.095  0.054 0.396  0.040
%22 Error 0.575 — 0.016 —

T FOR 0.1 KF ERE; « x FIR 0.05 KF ERE. R
PEGI T AN R AR ST AL 53934 0.967 F10.976.
Note: * and * * are significant at 0.1 and 0.05 levels. Fitting de-

gree on robustness and sensitivity analysis are 0.967 and 0.976.
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results of optimal schemes
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