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Application of intelligence models based on soft computing in investigating the 

discharge coefficient of the sluice gate under free-flow condition and symmetrical sill 

with the help of KNN, ANN, GEP and SVM models 
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Abstract:  
The use of sills with the gates leads to a reduction in the height of the gate. The sills affecting the flow, change its 

quantities, especially the discharge coefficient. In the present research, the amount of discharge coefficient of the 

sluice gate is examined for the first presented theoretical relationship in a non-suppressed sill state; to measure its 

performance using soft computing methods. For the models, ̷̾́ of the data were used for the training phase and the 

rest for the testing phase. The results of statistical indicators showed that in all SVM, KNN, GEP, and ANN models, 

the model with all input parameters was recognized as the superior model. In the SVM model, the results of various 

kernels showed that the Radial Basis Function kernel has better results in predicting the discharge coefficient 

compared to the Polynomial, Linear, and Sigmoid kernels. The results of the correlation coefficient (R), Root Mean 

Square Error (RMSE), mean percentage Relative Error (MRE%), and Kling Gupta Efficiency (KGE) in the test stage 

for the SVM model were ̷ ͂̀͊, ̷̷̸͂̿, ̷̷͂̀, and ̸ ̹͂̀́, respectively. The results of the neighbor coefficient (K) 

showed that in the K equal ̹, the RMSE and MRE had a lower value and were close to the experimental results. In 

addition, in the KNN model, among distance criteria measures (Manhattan, Euclidean, Euclidean Squared, and 

Chebychev), the Manhattan criteria has a higher accuracy in predicting the discharge coefficient than the other ones. 

For this model, the results were ̷͂̀̾, ̷ ̷̸͂͊, ̷ ͂̀͊, and ̸ ̷͂̾́, respectively in the testing phase. In addition, the results 

for the GEP model were ̷͂̀̿, ̷ ̷̸͂̀, ̷ ͉͂̿, and ̹ ̹͂̿́, respectively. In the present research, the ANN method is more 

accurate compared to SVM, GEP, and KNN models; so that, for the ANN model, the KGE was in the very good 

range.  
 

Keywords: Discharge measurement, Discharge coefficient, Control structure, Intelligent models, Statistical 

indicators. 
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Ĉù  )ºÉwzĈù āºăwÊù üĊþ°úă ûwĉ¾« èúÝ ¢{Æý ÈĉvÀåv wz Ăí ¹¹¾ñ

yĉ¾Ñ IĂýw¤Åj Ï¾Ý Ăz Ă°ĉ½¹ ¢Å¹đwz)¹½v¹ ĈÊĉvÀåv ºýÿ½ Ĉz¹   wz

yĉ¾Ñ ĂÆĉwêù¢ĊÞéĀù ½¹ Ĉz¹yĉ¾Ñ Iäö¤¸ù ćwă ¢õw³ ½¹ Ĉz¹

  Ă°ĉ½¹ ¾ĉ¿ ¢õw³ ¿v ¾¤ÊĊz Iûj ¢Å¹đwz ½¹ Ă°ĉ½¹ ¾z Ãwúù ĈĉĀÊí

ĈùĈù v½ ¾ùv üĉv ¢öÝ )ºÉwz )¹Āúý ā½wÉv Ăýw¤Åj ć¾Ċñ½v¾é Ăz ûvĀ£

Ăzć½ĀÕ ½v¾é Ă°ĉ½¹ ¢Ê~ ½¹ Ăýw¤Åj ¢ùw¸Ñ ôí IÃwúù ¢õw³ ½¹ Ăí

 ûwĉ¾« ćĀòõv wz Ă°ĉ½¹ ¾ĉ¿ ¿v xj ¿v ć¾¤ÊĊz ø¬³ ûj ¿v ºÞz ÿ Ă¤Év¹

Ĉù ûwĉ¾« I¢·vĀþîĉ óºù ½¹ )ºzwĉ  ÓĀz¾ù   äÎý IĂýw¤Åj ¾ĉ¿ ¢õw³ Ăz

Ăz Ăí ¹½v¹ ½v¾é Ă°ĉ½¹ ¿v ºÞz ¢ĊÞéĀù ½¹ Ăýw¤Åj ôúÝ Üýwù ¡½ĀÍ

Ăz ÿ Ăýw¤Åj wz ûwĉ¾« ëwîÖÍv yĉ¾Ñ ÈĉvÀåv ¦Ýwz ÿ ā¹¾í ûj Ü{£

 Ãwúù ¢õw³ Ăz ¢{Æý Ă°ĉ½¹ ¢Å¹đwz ½¹ ûwĉ¾« èúÝ ¾¤ÊĊz ÈĉvÀåv

Ĉù  óºù ćv¾z )¹ĀÉ  ¾ĉ¿ Ăýw¤Åj ¢õw³ wz ĂÆĉwêù ½¹ Ă°ĉ½¹ ºÞz ĈÅwúù

 yĉ¾Ñ IĂ°ĉ½¹ Ă°ĉ½¹ ¢Å¹đwz ĈÅwúù óºù wz ĂÆĉwêù ½¹ ÿ ¾¤ÊĊz Ĉz¹

øíĂz )¢Åv ¾£ ć½ĀÕ ½¹ xj èúÝ ûvÀĊù I¢Å¹đwz ĈÅwúù óºù ½¹ Ăí

üĊtw~ ÿ Ă°ĉ½¹ ¾ĉ¿ óºù wz ĂÆĉwêù ½¹ Ă°ĉ½¹ ¢Å¹đwz Ă°ĉ½¹ ¢Å¹

øí  Ă°ĉ½¹ ¾ĉ¿ Ăýw¤Åj ¢õw³ Ăz ÓĀz¾ù ûj ûvÀĊù üĉ¾¤ÊĊz ÿ ā¹Āz ¾£

Ăýw¤Åj üĉv¾zwþz )¢Åvøă¾Ċá ćwă  Ï¾Ýóºù  Åwúù Ăz Ă«Ā£ wz Ĉ

  ÿ ć½Ā{Ý Ĉz¹ ûwùºýv½ ûvÀĊù ÈĉvÀåv ¾Úý ¿v ûj xĀöÖù ¹¾îöúÝ

Ĉù IĂ°ĉ½¹ ¢Ê~ ½¹ ¡wzĀÅ½ ÜĊú¬£ ¿v ć¾ĊñĀö« üĊþ°úă ¹½Āù ºývĀ£

Ă°ĉ½¹ ¾ĉ¿ Ăýw¤Åj ¹Ā«ÿ )¹¾Ċñ ½v¾é ā¹wæ¤Åv ÿ Ă«Ā£  Ãwúù ÿ  Ă°ĉ½¹ ¾z 

üĊtw~ ÿ ¢Å¹đwz Ăz ¢{Æý ĈĉĀÊí ¢õw³ wz ĂÆĉwêù ½¹ Ă°ĉ½¹ ¢Å¹

yĉ¾Ñ ÈĉvÀåv ¦Ýwz IĂýw¤Åj ûÿºz ¾Úý ¿v ø¤ÆĊÅ ¾¤Ąz ¹¾îöúÝ ÿ Ĉz¹

 Ăýw¤Åj ¢õw³ Ăz ÓĀz¾ù ûj ½vºêù üĉ¾¤ÊĊz ÿ ¹½v¹ ć½¼òzj ûvÀĊù

 Ăîþĉv Ăz Ă«Ā£ wz )¢Åv ûj #Ă°ĉ½¹ ¢Ê~$ ¢Å¹đwz ½¹ Ă°ĉ½¹ ¾z Ãwúù

Ĉù ûwĉ¾« ÓĀÖ· ôîÉ ¾ĊĊâ£ ¦Ýwz Ăýw¤Åj ¢ĊÞéĀù üĉv¾zwþz I¹¹¾ñ

Ăz ¾Ċ§m£yĉ¾Ñ ¾z ĈĉvÀÅĈù ûwĉ¾« Ĉz¹Ăz )¹½v¼ñć½ĀÕ ÓĀÖ· Ăí

 ćÿ½ ¾ĊÆù ĈÕ ¿v Ä~ ĂöÍwåĒz Ă°ĉ½¹ ¢Ê~ ĈÅwúù óºù ½¹ ûwĉ¾«

øĉĒù ¢õw³ wz Ăýw¤ÅjĈù Ăùv¹v ¹Ā· ¾ĊÆù Ăz Ăýw¤Åj ¿v ºÞz ć¾£  ÿ ºă¹

øí ćÁ¾ýv ¢åv v¼õv½ ć¾£  Ĉù ¦ÝwzĈõw³ ½¹ )ºýĀÉ ĈÅwúù óºù ½¹ Ăí

Ăz ûwĉ¾« IĂ°ĉ½¹ ¾ĉ¿ óºù ÿ Ă°ĉ½¹ ¿v ºÞz ćÿ½ ¿v Ĉzj ¢« ¡½ĀÍ

 ûwĉ¾« ÿ Ă¤Êñ wă½ Ăýw¤Åj ćÁ¾ýv ¾¤ÊĊz ¢åv Ăz ¾¬þù Ĉzv¹¾ñ ćwă

Ĉù ÈĉvÀåv ¦Ýwz Ăýw¤Åj wz ûwĉ¾« Ãwú£ óĀÕ ÈĉvÀåv üĊþ°úă )¹ĀÉ

Ĉù Ă°ĉ½¹ ¿v Ĉ«ÿ¾· ûwĉ¾« ¢ùÿwêù ÿ ëwîÖÍv Ăz ¾¬þù Ăí ¹¹¾ñ 

Ĉù Ă°ĉ½¹ ¢Ê~ ½¹ èúÝ ÈĉvÀåv)¹ĀÉ    Ĉzj ½wz I¢zw§ Ĉz¹ ćv¿v Ăz

¢ĊÞéĀù Ĉùwú£ ½¹ ĈĉĀÊí Ă°ĉ½¹ ¢Å¹đwzøí Ăýw¤Åj ćwă  ¢õw³ ¿v ¾£

Ĉù ÈĉvÀåv Ă°ĉ½¹ ¢Å¹đwz ûwĉ¾« èúÝ Ĉ¤éÿ )¢Åv Ăýw¤Åj ûÿºz Iºzwĉ

 ¦Ýwz ÿ ā¹Āz ć¾¤ÊĊz ½wÊå ćv½v¹ Ă°ĉ½¹ ¾ĉ¿ ¿v ć½Ā{Ý ûwĉ¾« ½vºêù 

ûwĉ¾« ÿ ¢åv ¹w¬ĉvĈù Ă°ĉ½¹ ¿v ºÞz ĈÊ·¾¯ ÿ v¾òúăwý ćwă Ăí ¹ĀÉ

yĉ¾Ñ Èăwí Ăz ¾¬þù ¾ùv üĉvĈù Ĉz¹ Ăýw¤Åj ¹Ā«ÿ üĊþ°úă )¹¹¾ñ

Ĉù ¦Ýwzøí Ăz Ă¬ĉ½¹ ¾z ¹½vÿ ½wÊå w£ ¹¹¾ñ  ¿v ¾£0Hɔ    )ºÅ¾zv¾zwþzĉü 

yĉ¾Ñ ÈĉvÀåv Ăz ¾¬þù ûwĉ¾« Èîù ÿ ½wÊå ÈăwíĈù Ĉz¹ )¹¹¾ñ 

-(.(  SVM 
ćwă¾¤ùv½w~  ĈzºÞz  äö¤¸ù  ĂzûvĀþÝ  ć¹ÿ½ÿ  óºù ćwă   Iäö¤¸ù   ÿ  

 yĉ¾Ñ Ĉz¹  Ă°ĉ½¹  ĈĉĀÊí   wz  Ăýw¤Åj  ĂzûvĀþÝ  Ĉ«ÿ¾·  ÿ   ĈñÂĉÿ   ãºă 

½¹  ¾Úý  Ă¤å¾ñ   ºÉ   ÿ   ĈÞÅ   ºĉ¹¾ñ  ûwîùv  ¹¾z½wí  Çÿ½ćwă  ā¹v¹ ćÿwí 

½¹  üĊú¸£  yĉ¾ÑĈz¹  ¹½Āù   Ĉzwĉ¿½v  ½v¾é  ¹¾Ċñ  )ćv¾z  ÈĊ~ ĈþĊz 

 yĉ¾Ñ Ĉz¹  ÔÅĀ£  Çÿ½ćwă  ā¹v¹ ćÿwí  ½¹   ¢õw³  Ĉöí   ¹vºÞ£  2+ " 

ā¹v¹ wă  ćv¾z  Ăö³¾ù  Ç¿Āùj   óºù  ÿ  .+"  ā¹v¹ wă  ćv¾z  ¢úÆé  ûĀù¿j 

óºù  xw¸¤ýv  ºĉ¹¾ñ )  yĉ¾Ñ ¾Ñw³ ÈăÿÂ~ ½¹ ćwă¾¤ùv½w~ Ăz Ĉz¹

$ óÿº« èzwÖù wă¾¤ùv½w~ üĉv )¹½v¹ Ĉò¤Æz Ĉæö¤¸ù,óºù ½¹ # ćwă

Ì·wÉ ªĉw¤ý )ºýºÉ ĈÅ½¾z Ĉæö¤¸ùüĊÉwù ć½wùj ćwă ûw{Ċ¤Ê~ ½v¹¾z

óºù üĉv ćv¾z$ óÿº« ½¹ wă- xw¸¤ýv āĀ´ý )¢Åv āºÉ ā¹v¹ ûwÊý #

üĉºz óºù üĉ¾¤ĄzÌ·wÉ Ăí ¹Āz ¡½ĀÍ  ć½wùj ćwăR  IRMSE I

MRE%    ÿKGE   Ă¤Év¹ ĈăwòÊĉwù¿j ªĉw¤ý wz ĂÆĉwêù ½¹ Ĉ{Åwþù

$ óÿº« èzwÖù )ºÉwz-  ā½wúÉ óºù I#1  óºù ¾ĉwÅ wz ĂÆĉwêù ½¹ wă



 

  ̿

Ăz I¹½v¹ ĈzĀöÖù ªĉw¤ý Ç¿Āùj Ăö³¾ù ½¹ óºù üĉv ćv¾z Ăí ć½ĀÕ

41+*+6R  I+,1-*+6RMSE  I13*,6MRE%    ÿ4.4*+6KGE  
Ì·wÉ üĉv ¾ĉ¹wêù ûĀù¿j Ăö³¾ù ćv¾z üĊþ°úă )¢ÅvĂz wă yĊ£¾£

400*+  I+,3-*+  I+,4-*+    ÿ4 *+    ā½wúÉ óºù )¢Åv1   óºù ¾òýwĊz

üĊÉwù È¸z ½¹ ¾£¾z$ ôîÉ ½¹ )¢Åv ûw{Ċ¤Ê~ ½v¹¾z-ā¹v¹ ½v¹Āúý #  wă

üĊzwù  ÈĊ~ ÿ ĈăwòÊĉwù¿j ¾ĉ¹wêù  óºù ¿v ôÍw³ āºÉ ĈþĊzSVM  
  ºýÿ½ Ăí ¢Åv ûj ¿v Ĉíw³ ªĉw¤ý )¢Åv āºÉ ā¹v¹ ûwÊý ¾£¾z óºù ćv¾z

ÈĊ~ ªĉw¤ý ºþýwúă ĈăwòÊĉwù¿j ªĉw¤ý ¿v ôÍw³ ¡v¾ĊĊâ£ ûvÀĊù  ĈþĊz

$ ôîÉ Ăz Ă«Ā£ wz )¢Åv āºÉ- (Ĉù ĂÚ³Ēù I#¡ I| ćv¾z Ăí ¹¹¾ñ

ā¹v¹ ¿v ĈÞĊÅÿ Ăþùv¹ ûĀù¿j ÿ Ç¿Āùj Ăö³¾ù ½¹ I¾£¾z óºù ºýwz ½¹ wă

  ćwÖ·.ÑĂz ºý½v¹ ½v¾é "³¾ù ½¹ Ăí ć½ĀÕ ûĀù¿j ÿ Ç¿Āùj Ăö

Ăz  ¿v ÈĊz yĊ£¾£4+    ÿ3,  ā¹v¹ ºÍ½¹  ćwÖ· ºýwz ½¹ wă.Ñ ½v¾é "

 Ĉùwú£ xw¸¤ýv ûwù¿ ½¹ ô³ ćđwz ¢é¹ ¾òýwĊz ÛĀÑĀù üĉv Ăí ºý½v¹

  óºù Ăz ć¹ÿ½ÿ ¾§Āù ćwă¾¤ùv½w~SVM  )¢Åv   ¹v¹ ûwÊý ªĉw¤ý ĈÅ½¾z

  ¾¤ùv½w~ Ăz ć¾¤ÊĊz ¢ĊÅwÆ³ ĂĊö¸£ yĉ¾Ñ ĂíB/0H  øí )¹½v¹ üĉ¾£

 ¾¤ùv½w~ Ăz ÓĀz¾ù ÀĊý ¢ĊÅwÆ³ ûvÀĊùX/B )¢Åv 

 óÿº«-ÈĊ~ ªĉw¤ý 5yĉ¾Ñ ĈþĊzĂýĀúý ½¹ Ĉz¹ äö¤¸ù ćwă 

 ûĀù¿j Ç¿Āùj 
ĂýĀúý 

MRE 

(%) 

KGE 

(-) 

RMSE 

(-) 

R 

(-) 

MRE 

(%) 

KGE 

(-) 

RMSE 

(-) 

R 

(-) 

40*- 14*+ +.-1*+ 30*+ 13*- 2/*+ +-40*+ 32*+ , 

32*- 12*+ +.-0*+ 31*+ 1.*- 2-*+ +-4-*+ 33*+ - 

+-*- 3/*+ +-+2*+ 4/*+ 32*+ 34*+ +,3-*+ 40*+ . 

+2*- 32*+ +-+/*+ 4/*+ 3.*, 4-*+ +,3,*+ 40*+ / 

44*, 4+*+ +,33*+ 40*+ 21*, 4/*+ +,2.*+ 41*+ 0 

4-*, 4+*+ +,3-*+ 41*+ 13*, 4/*+ +,1-*+ 41*+ 1 

 

$ óÿº« èzwÖù.ôý¾í ûwĊù ¿v I#  ćwăLinear  IPolynomial  I

RBF    ÿSigmoid ôý¾í IRBF Ì·wÉ ªĉw¤ý Ăz Ă«Ā£ wz ć½wùj ćwă

Ăz ûj üĊÉwù óºù ćv¾z ¾£¾z ôý¾í ûvĀþÝ )ºĉ¹¾ñ xw¸¤ýv ûw{Ċ¤Ê~ ½v¹¾z 

 óÿº«.Ì·wÉ ªĉw¤ý 5ôý¾í ć½wùj ćwă  óºù ćv¾z ûĀù¿j Ăö³¾ù ½¹ äö¤¸ù ćwă
SVM 

 ôý¾í 
  Ì·wÉ

ć½wùj  ºĊtĀúòĊÅ 
  Üzw£ Ăĉw~

 ĈÝwÞÉ 
Ăöú«ºþ¯ ćv  ĈÖ· 

./*+  41*+  10*+  3,*+  R 

+2*-(  4+*+  01*+  2+*+  KGE 

-/*+  +,3*+  +0*+  +.1*+  RMSE 

,*-- 4-*,  /2*0  +1*/  MRE% 

 

 



 

  ̀

 
 ôîÉ-yĉ¾Ñ 5ÈĊ~ ¾zv¾z ½¹ ĈăwòÊĉwù¿j Ĉz¹  #x Ç¿Āùj Ăö³¾ù #äõv āºÉ ĈþĊz

 IûĀù¿j Ăö³¾ùā¹v¹ Ĉ{Æý ćwÖ· ºÍ½¹ Ĉñºþív¾~  #¡ Ç¿Āùj Ăö³¾ù #| wă

 ûĀù¿j Ăö³¾ù 

ĂzèĊé¹ ĈÅ½¾z ½ĀÚþùóºù ¾£  I¾Ñw³ ÈăÿÂ~ ½¹ äö¤¸ù ćwă

yĉ¾Ñ ¾ĉ¹wêùÈĊ~  ÿ ĈăwòÊĉwù¿j Ĉz¹Ăz āºÉ ĈþĊz ¹vºÞ£ ćv¿v

ā¹v¹$ ôîÉ ½¹ ûĀù¿j ÿ Ç¿Āùj Ăö³¾ù Ăz ÓĀz¾ù ćwă. ā¹v¹ ûwÊý #

yĉ¾Ñ ¾ĉ¹wêù )¢Åv āºÉÈĊ~ ÿ ĈăwòÊĉwù¿j Ĉz¹ ćv¾z āºÉ ĈþĊz

ôý¾í$ ôîÉ ½¹ Iäö¤¸ù ćwă.(ûwúă )¢Åv āºÉ Ătv½v #äõv Ăí ½ĀÕ

Ĉù ĂÚ³Ēù  ôý¾í ¹¹¾ñRBF  ôý¾í ¾ĉwÅ wz ĂÆĉwêù ½¹ Ĉĉđwz ¢é¹  wă

yĉ¾Ñ ÿ Ă¤Év¹ÈĊ~ Ĉĉđwz ¢é¹ wz v½ Ĉz¹ Ăz Ă«Ā£ wz )¢Åv ā¹¾í ĈþĊz

$ ôîÉ.óºù ûwĊù ½¹ I#  ā½wúÉ óºù Ăí wă1  Ăz Ĉå¾Þù ¾£¾z óºù ûvĀþÝ

  ā½wúÉ óºù Iºĉ¹¾ñ0  ªĉw¤ý Ăz ìĉ¹Àý ªĉw¤ý ÀĊý   )¹½v¹ ĈăwòÊĉwù¿j

Ì·wÉ ªĉw¤ý  Ç¿Āùj Ăö³¾ù ½¹ óºù üĉv ćv¾z ć½wùj ćwă400*+6R I

+,2.*+6RMSE  I4/*+6KGE    ÿ21*,6MRE%   üĉv ªĉw¤ý )¢Åv

Ì·wÉ Ăz ûĀù¿j Ăö³¾ù ćv¾z wă  yĊ£¾£40,*+  I+,33 *+  I4+,*+    ÿ

+,44*+  óºù ½¹ )¢Åv  ā½wúÉ ćwă,    ÿ-   )¢Åv ¾¤ÊĊz ãĒ¤·v üĉv

 Ĉù v½ ÛĀÑĀù üĉv ¢öÝĈz ćwă¾¤ùv½w~ ¾ĉwÅ ¿v ā¹wæ¤Åv ÷ºÝ Ăz ûvĀ£ ºÞz

  ûĀ°úăX/B  IZ/B    ÿŮ/B    ¾¤ùv½w~ Ăíºþ¯¾ă )¢Æýv¹X   Ĉývºþ¯ Èêý

óºù ªĉw¤ý ÿ Ă¤Évºý  ćwă0    ÿ1  Ăz üĉv ¢öÝ )ºþ¤Æă ìĉ¹Àý ¾òĉºîĉ

Ĉù ĂöuÆù )¹¹¾ñ wă¾¤ùv½w~ ¾ĉwÅ ÔÅĀ£ ¾¤ùv½w~ üĉv Èêý üĊùm£ Ăz ºývĀ£

yĉ¾Ñ ÈĉvÀåv ½¹ Ĉ¤{¨ù ¾Ċ§m£ Ăýw¤Åj ¢ĊÞéĀù Ăîþĉv wz Ă°ĉ½¹ Ĉz¹

 Ă°ĉ½¹ ¾z Ãwúù ¢õw³ Ăz ÓĀz¾ù ûj ½vºêù üĉ¾¤ÊĊz ÿ ¹½v¹ ĈĉĀÊí

 )¢Åv ûj ¢Å¹đwz ½¹ 



 

 ̸  ̷

  



 

 ̸  ̸

 ôîÉ.ÈĊ~ ÿ ĈăwòÊĉwù¿j ¾ĉ¹wêù 5yĉ¾Ñ āºÉ ĈþĊz  ÿ Ç¿Āùj Ăö³¾ù ½¹ Ĉz¹

Ăz ûĀù¿jā¹v¹ ćv¿v äö¤¸ù ćwă 

.(.( ANN 
$ óÿº« ½¹/Ì·wÉ ªĉw¤ý #óºù ćv¾z ć½wùj ćwă  äö¤¸ù ćwă

  óÿº«$ ć¹ÿ½ÿ,  Çÿ½ ½¹ #ANN    Ăî{É ÛĀý ¿v ā¹wæ¤Åv wzMLP 

  )¢Åv āºÉ ā¹½ÿjüĊÉwù óºù ºþýwúă ÀĊý Çÿ½ üĉv ½¹ Iûw{Ċ¤Ê~ ½v¹¾z

2+"  ā¹v¹  ÿ Ç¿Āùj ćv¾z wă.+"  ā¹v¹ Ăz ûĀù¿j ćv¾z wă Ĉå¹wÎ£ ¡½ĀÍ

 ÷¾ý ÔÅĀ£  ½vÀåv)ºýºÉ xw¸¤ýv  Ăĉđ ¹vºÞ£ ¾¨ívº³ ÿ ôévº³ Ĉæ¸ù ćwă

Ăz yĊ£¾£.  ÿ-,  Ăz ć¾¤ÊĊz ¡wĊöúÝ w£ ºÉ xw¸¤ýv û¹¾í vºĊ~ ½ĀÚþù

$ óÿº« èzwÖù )¹¾Ċñ ÷w¬ýv óºù üĉ¾£¾z/ ÷wú£ ¿v Ăí Ĉýwù¿ #

Ĉù ā¹wæ¤Åv ć¹wÞzv ćwă¾¤ùv½w~ ¾ĉwÅ wz ĂÆĉwêù ½¹ ô³ ¢é¹ ¹ĀÉ

óºùĈù ÈĉvÀåv wăóºù ¾ĉwÅ ªĉw¤ý Ăí ºþ¯¾ă )ºzwĉĂz ÀĊý wă ¾òĉºîĉ

 ā½wúÉ ¹½Āù wùv ºþ¤Æă ìĉ¹Àý1 Ĉù ºĊõĀ£ v½ ć¾¤Ąz ªĉw¤ý ªĉw¤ý )ºþí

Ì·wÉ  ćwăR  IRMSE  IMRE%    ÿKGE    ā½wúÉ ¹½Āù ćv¾z1   ½¹

 Ăz Ç¿Āùj Ăö³¾ù  yĊ£¾£44-*+  I++20*+  I34*+    ÿ44-*+   üĉv ¢Åv

 Ăz ÀĊý ûĀù¿j Ăö³¾ù ćv¾z ¾ĉ¹wêù  yĊ£¾£43/*+  I++43 *+  I,0*,   ÿ

421*+   óºù ûĀù¿j ÿ Ç¿Āùj Ăö³¾ù ćv¾z ¡Ē~ ¾£wîÅv ½v¹Āúý )¢Åv

 ā½wúÉ1 $ ôîÉ ½¹/ )¢Åv āºÉ ā¹v¹ ûwÊý # 

 óÿº«/Ì·wÉ ªĉw¤ý 5óºù ć½wùj ćwă  Çÿ½ ½¹ äö¤¸ù ćwăANN 

 ûĀù¿j Ç¿Āùj 
ĂýĀúý 

MRE 

(%) 

KGE 

(-) 

RMSE 

(-) 

R 

(-) 

MRE 

(%) 

KGE 

(-) 

RMSE 

(-) 

R 

(-) 

2-*, 40*+ +,2-*+ 40*+ 1,*, 41*+ +,/+*+ 42*+ , 

//*, 41*+ +,0,*+ 41*+ /1*, 41*+ +,.3*+ 42*+ - 

11*, 40*+ +,13*+ 40*+ .+*, 42*+ +,-0*+ 43*+ . 

1.*, 40*+ +,13*+ 40*+ /4*, 42*+ +,..*+ 43*+ / 

01*, 40*+ +,12*+ 40*+ .3*, 41*+ +,-4*+ 43*+ 0 

,0*, 43*+ ++43*+ 43*+ 34*+ 44*+ ++20*+ 44*+ 1 

 

 
 ôîÉ/yĉ¾Ñ 5yĉ¾Ñ ¾zv¾z ½¹ ĈăwòÊĉwù¿j Ĉz¹ÈĊ~ Ĉz¹  Ăö³¾ù #äõv āºÉ ĈþĊz

 ûĀù¿j Ăö³¾ù #x Ç¿Āùj 

/(.( GEP 
$ ôîÉ ½¹0 ćv¾z ûĀù¿j ÿ Ç¿Āùj Ăö³¾ù ½¹ Ĉñºþív¾~ ½v¹Āúý #

  óºù ½¹ äö¤¸ù ćwă¹½Āù Ĉùwú£GEP   ªĉw¤ý )¢Åv āºÉ ā¹½ÿj

Ì·wÉ  ć½wùj ćwăR  IRMSE  IKGE    ÿMRE%   Ăö³¾ù ćv¾z

 Ăz Ç¿Āùj  yĊ£¾£411*+  I+,03*+  I4/-*+    ÿ14*,   Ăö³¾ù ćv¾z )¢Åv

 Ăz ÀĊý ûĀù¿j wz ¾zv¾z yĊ£¾£424*+ I+,31*+ I30*+  ÿ-3*- )¢Åv 
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