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1- Christiansen's Uniformity
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1- Artificial Neural Network (ANN)
2- Genetic Algorithm (GA)
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1- Genetic Programming (GP)
2- Gene Expression Programming (GEP)

a4



)’\ﬁ}ﬁgiw‘)b.uwﬂcjbL.,\_.ibﬁb.);_.jlbb‘b‘)\}_;duaﬁ J)jﬂftcj)léjhvo
u—l‘)szjﬂ Jl;;i\ o 340 Jb]&.&:kﬂ ebj.).zﬁbduﬁv.ﬁ MJ§GAA &L@I.:\ LSLAU':'L:"l
Ss Sy e Bl Vo s w55 ad e T G0l sd 31 RSl Sds e (gl s
s Sl 4 a5 L s S eslinad aadllas o LT GBI s e Y sl & S5 a1
Aol U S e s s bd VEE sl Qi s e slis glales 5o sLT sl
A Sl any sy VY s T edeS e a0l ol ply b e LT GBI s 2 VA
.mm,.:ou,-jw&)}owg(;gj&:.mogu;.d\C,Jmuj;.ﬂ\&wtLa;,bg&\;J
ol ad ) asll s G b 5l LT L las s s 0 CB B e OS b, Oleg )
_54.:_..3\:].: &L:JT&)))‘JJQ_MULL_S R g:,.:l.?u..aJuA.:}e.,\.I: Ob\;)‘ﬁ&ty]éﬁ)ﬁ&hﬂ
Ml i Jiolas] Jome Ko i a5 Ll aelsl JilesT csle V2V/0 o 5 Coden,
DL o3 o ol 0o 3,8 eslil oK LY Sl ) (e Yrr) 0B S :LJV..ZLQ bl sa
G;M)u._a&_i&;_ijb;\;,_;L,mf:,,t(,;Qﬁgju)&uwjuﬁqg?45@41@;;)5@;\;
ey gl s s OF asl celu V=1/0 3l s (68631l 520 ) SO Lol o
a5 a5 L O s Ol o e 08 313 01 s O e 5 2 el
5o sladyd 5 bl 05 OLSS (25 L culg 53 5 A8 s Jslas Gas 4 0l VL
q@)-j;yb_&i%ﬁzuswsl_,a_lgmduauﬁuowyquwuguﬁ
o3V s S (s Seslul ALl s S L 5 LT ab plin) il slajles Gl il S
YO N Lol 0lsd £ 3w Lolsd s Of Gas e 1 O35ed ke gl oS sl S5 4
)\.,\.E.d Lf>u..; Q)}J}J)Mﬁb\b}\} CJJ& Q)}bﬂ)b&b)]@yﬁ)bg)]fﬂ&/\' )O'
Gla0lsd & bl cou ladlsd 5 Lolsd pl 53 ekl 3L O Ges w0 ax 5 Lol s ol
3 S5LS SLas Jlas £ s CU Slie zassy cpl 5o (Y0VY (iiesly ) s S wlol Jiulesl cou
5 ohbatas (e L bl T ks Y s slT b gl sles ¢ b slol Lols Sl 11
Jsde 3 a_sll gl e slol Lol oo S8 jlis Cilies (baslass 3 S (6 So il (i

sl ol 03ls olis

Yoo



Ol Se2 9 (U3 Ly

BBl ool 5 Bl ab syl oS, L Cilsee glayles ) pax

Crole) T aly glisl o) ool oo 1 Giaadl) 2T 5 S48 ,L2s
Y YAXA AAXYY AAxYO VAXYA Y
an VOxVA (1 6x10 () 0x\Y () ox4 v/o
VY IYXIA Yx)0 A YxY (Y4 ¥
Voo AxIA Ax)10 Ax\Y Ax4 Y/0

L ealezal ) 4.]9_:\))\ (\C\/\“\ LA:J‘)JJJJJ'JM)JJ) WL:.W.:JS L;}b& g_,qj.p L5J1§°)\"L’\ Ls\f
Jalxs “:)Tt;—“‘pﬁfli.’t—?‘:xmean Olsd a3 au@q—dbbu g.jd,q.p:xl- calasly opl ys &S
sl LAQ\\,J JS Sl n L&L)\JJ B a.l.i:@;.-

CU:\_in_xmean o)

i=) X Xyean

Sl 35 or 4 S35 5 S SEalS el gl oy Laesls 035 55 laesls Solweslel
Jos S Gl Lesls (2500 05,8 QLSO s baeay cpoman 5 ol 0 e Sl 6000
36 S sl s s Oy e Sl e DS S S C'LAJKSQ;} 5,8 o Dy g (Sl lll
A esla ol ¥ oddaly sl eslanad 5550 slaesls (g 5Lus luleal (ol .:>J§$« o 5 <=L<;A 393 CLM\
2 54 Ximean 9 Xmin Kmax cods3 )l ikial osls Xy cglodaline osls X alal, NEUSTIRLY

sl S s Bl o Sle lodalin slaesls
X—X

mean J+'/o (Y)

Xmax ~ Xmi

X, =~/o><(

O gmen ;S i SG Ol e 4GS S ok B3 Sl ean s 4SS Je

Stz L il Wl U5 o ol e 5 b8 o a5 5 0T Ul 5 35 5 e

(RS



J,mS 5 as0loslas gt el alails (L o ot S S S Ll asbe sL
IS il g a5 s e OLES | st s 45 S0 51 IS et ) S s il
Aol JSKE5 ay aY SKs (Oley) Sle oY o L SKinis Y SISl e
Sl 5485 (65555 S S 3l L SNl 055 el sl L2505 sl 3 Y
S8 ealaal 5y 50 (S (63555 Olseas O35 (pl o 5 B b oS a S
OF sl a8 a8 glallis conle b cnline 5 5 5 (53055 glaaY 3 a0 5 sl 5,5
o=l Bl eaman 5 Olg A 5 s s sAD S sl SOl J= Bad o e s oo eslitul
A_L‘YJ_ALgLAQ)JJ.:.st&aumLAC\J]a Loy bt jluie fall g jo bt 5 an b lag)Y
e LOTL 6 2 slie 5 WD cul g e st Y Gla0s ) 4 ala0ss ahosa
a oS Gy b S e i Lo 08 (2550 T (b oS dialipn T ulils oMol s 1 555 00

e g 39 Sy e

G

i

Al eLan s 666

Soa,9 4Y ol &Y ESTCE N

.QYM:)};.‘?&A@JM&ODLd)L&LN—\ JS.&

53 JLEEl 55 e ealial ") il 5 5l ey sl 4y aY s gla s 2 )

CU Q)Mm JJ\)SL;A CU U’i\ J)‘:'Lfd e UJJJ LS\J" L;]a;-ﬁ.o e.,\MSgL.i)ﬂ&Q\y&M C;U

1- Nonlinear Mapping
2- Associative Memory
3- Bias

4- Transfer Functions
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1- Multi Layer Perceptron
2- Back Propagation Algorithm
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1- Root Relative Squared Error (RRSE)
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Abstract

Uniformity of sprinkler irrigation is an important technical parameter in the
design of sprinkler irrigation systems and its value has a significant impact on the
quality and the efficiency of investment in irrigation projects. With sprinkler
irrigation, determining CU from a single sprinkler is time consuming due to the
overlap of adjacent sprinklers and in different amounts of operating pressures (P),
riser heads (H,), sprinkler spacing on laterals (S;) and the distance between laterals
(Sw). In this research, CU quantities of two model sprinklers (AQ-20 and KA-6)
were measured in slow wind velocity (0-2 m/s), at Hashemabad cotton research
station of Gorgan city under 4 different operating pressures (2, 2.5, 3 and 3.5 at),
16 distances of sprinklers (including 9x18, 12x18, 15x18, 18x18, 9x15, 12x15,
15%15, 18x15, 9x12, 12x2, 15x12, 18%x12, 9x9, 9x12, 9x15, 9x18), 4 riser heads
(60, 90, 120 and 150 cm) and 3 arrangements of sprinklers (square, rectangular and
triangular). For estimating CU based on gene expression programming (GEP) and
artificial neural network (ANN) methods P, H;, S, and S,, were selected as the input
variables. By statistical comparison of results, root mean square error (RMSE) for
AQ-20 sprinkler in GEP and ANN methods were obtained as 0.06 and 0.062 and
for KA-6 sprinkler as 0.067 and 0.064, respectively. The results indicate the high
accuracy of the two methods for modeling since GEP is capable of estimating an
explicit equation for estimating CU, it incorporates a more practical feature.

Keywords: Artificial intelligence, Irrigation system evaluation, Pressurized irrigation,
Water distribution uniformity
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