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1 Multigene genetic programming



[

(N.m) ssb==5

CO (%)

HC (ppm)

€0, (%9)

OV=-FY domio (WA liaol) YV 8yleds 990 Olisdios dogly — sole dolilad (o)) Sen 5 SLSos LS dlaas

20
88
86
34
82
80
78
76
74
72

70 i E20
63

—4=E0
=fi=E5
=ir=E10

i 15

0 1000 2000 3000 4000 5000  600¢
(rpm) 330 Sy

JAS 3L 2 550 gl0tS 2 S g slabgliee b Jloges

8
7 3
6 -
5 N
——E0)

4 - e
2 — T
27 —e—E15
o ——eE20
0 ; : : ; :

0 1000 2000 3000 4000 5000

APM) 5950 s s

IS ,L ;5 CO suYT s s bglste 35 A 390
BLD R ESgw & PR RABLT Y
300

250
200
—&—E0
150 |==—ES5
e E10)
100 | —g—E15
5o L——E20
0 1000 2000 3000 4000 5000

@PM) 5550 s s

JolS )b 3 HC 0¥ g slabglste 155 A loges
15

14
13
12 —m—E()
1 b=
—tiE10
10 —o—E15
0 1000 2000 3000 4000 5000

@pm) ;5550 s s
Jol8 5L 55 CO2 0¥y o g slabolies p3l i)+ lages

o> 03l GBI L 05 o0 sige saze> 033l Galjil (o omgs
Brae (bglsie Cogw 3 bboe GBI 50 HgliS 5 ol gse

Caanl 03905 Iy i) 38) - guo
€O (clooasYT 4 Cogw clabglie b Y b A (loylsges
gy ol Ll 5 cilie slacs s 1, NOx o CO (HC
e wlial boaS aad o lis bybses pl e bl
5 COz o iols HC 5 CO pylis locdgw bl 5 Joiblsy
E15 E10 E5 clacsgw gy CO yyalio .l o )3l NOx
TYAAs s AN FVYY VAR ey 4 EO & cuns E20
o S g oyl (6l HC 0a0 YT polie cpimed .l jials
SialS ZYD,A% 5 YLV AVOY OV ey el e 4
E10ES5 (clbcs guw blbko 3 Joibles ude il L ol ol
TAAS § £¥4 YA O SY (s 4 CO; j5 laie E20 4 E15
Jade il 81 b 35 NOx oan ¥l .cél i3l EO céguw 4 Cas
5 £ AFAF VPN Cipa bdaw 0 dese Joiblew
Joiblon b L9, ol Lis ()33l Lalls o 4 cows ZAV,AQ
b 35 (Y0 5 00 XO) yise i sl > dmos¥l
Casl 1) €Oz Lil3l s HC 5 CO zals s g JolS b alie
Sy s 393 slard 5ls )3 (C2H5OH) Jgibloy cbgu oS
@ OieS] G QI sl pol ol & Wb ST
Mo Gl B L WVE] 3580 s9590 53 3yl 9390 9 g
a3 G (292 a8 i 4 bglie (slaci gy 3l
2 el il e o5eS] it & Cand Jgblsn
5 8l aTy8 s 5 elS el a5 o)l 3gmg g clabglse
DS Gl dladses (glod igl3dl b g oo alad (glod i3l
ml ole olie K9, [NAVA] Wb o ilj8l 55 NOx 301
V] 39 s odmlie ,Sy3 e 505 )5 gl b s oyl

iAp
45
40
1 35 3
'135 —f=E0
19, 30
R == E5
9 25
EQTY == E10
5 15 === E15
10 == E20
5
0 1000 2000 3000 4000 5000 6000

(rpm) 3590 sy
JoB 5k 03 s59e S5 OlF g CE g slabsglss 136 lges

1 Stoichiometric



oy OY-¥Y axan s(\‘ﬂﬁ\ UL.«»JL') Yy 5)[@«}3 DYy Sladss (29 _Lf"'l‘c dolilad ‘O‘)M 9 L;?L:,fc) L;\L:f @]ﬁw

Py=0.3351 x1+0.4875 x2+0.3925 cos(xz-x1)
+0.3925 cos(cos(xz))+0.2031 tanh(x;+x2-0.8742)
+0.3925 cos(cos(x1-X2-X3))
-0.2742 tanh(x1-x2-0.6396)+0.4773 sin(x1)-0.7268

()

9 (229) sige Sk (TPM) 550 Cop S5 4 X3 9 Xz € X1
Woa W slabses sl Cogw slabgle o Joiblsn lado
degazme (lp oMb dwie glaedld o (#Bly glaodly duldo
ol & deg b aim g LS e ]y b)) g sbjgel slaedly
sodly 5 (#Bly sloodly e (5l jluw OS] b ylages
&y RMSE 4 RZ y0lds .yl dgng o) dlowgs i o i
b)) sodly (clp g+ YTV g 2040 o i higel (slmedl
el Caods 4 FFYY 5 +,8900 Cul 5 4

9SSyt (815 0w &1 g1 (F-Y-£

2SS et gly il @lg ) olinl b (Jglite (slagSl
4 0 Alre sl S5 obj)l sla)hre 4 255 b Al () 9350
3,5 bl oS o e lgie

T=2.461 x2+0.2231 log(x1+x2+11.64)
-3.3531 log(xz+cos(x1)+5.808)

+9.7561 log(cos(x1-x2)-x2+10.25)-17.57 (0)
d T T T e
% RMSE=0.3321 i
1 /..g
i R2=0.9985 907 1
| Jo%
25 &
:! 20+ OC o 1
| 090
15 P
i o
5w 508" 1
$sl _o8° 1
é 1‘0 115 ZIO £5 ?:0 3‘5

(kW) 5255 Ol (=8l poolie

degaze sl Sjo g 00D i 9 (Bl s duglie VY lages

Ui9el slmodls
g 35 —o
%3  RMSE=0.3431 e
g P
]: 25} R2=0.9955 5 J
-~ /

7]. 2 P |
N 15 Qoo
5 150 ]
a <
-:’i 10} s 1
Zs ol

5 10 15 20 2 30 3

(kW) 325 Ol (=31 yoolio

degozxe (gl (S50 (P 00D (o 9 (Bl S dulie VY lage3
byl el

2000 —=—E0
1800 s
1600
1400 it
E 1200 ! g —e—FE15
& 1000
S so0 ~
“ 600
400
200
0

0 1000 2000 3000 4000 5000

@pm) ;5550 s s
JolS 3L ;5 NOx s YT cdgur clabolsce 56 VY lages

MGP 5951 Gy g gl (Y-£€

SR Sl gy b (V-Y-£

92550 29iS (g5 Olys leseSl (sl MGP 5l 3.5 oyl 5
b9y Cawsl 005 o3l (NOx g HC «COz LCO) 5590 (slmosi ¥
ol dubyy MGP olwly &S Cunl gauds &by cuiS3h 4 il
o g ookl (6138 ol ede Ll N lie Jilay 53 g ol
diyy SSjle b s cpl 50 [YV] A ooy drwgy Guisd
13,5 oy (RMSE) Yl woyo (Sl

1 n
RMSE=_[=>"(t; -t, )’ (v)
i=1
ol Lodly S 0laws 11 g 0l Sy i Jlde 0 ¢ 2Bly Hlade t &S
38 o3lizl (5 lal Jlana 93 51 lagSIl o1 (s
(R?) et gy — ()

n

2 -t )

RP=1-5— ()
(t -6)

=
(¥ dolas) bt @oy0 (ko 4y ~()

Sygo 4 dtwd 93 4 bodly dagSl Lbj,l s MGP 340l (slp
Uiyl 6l Y0 g o yigel (sl aodly VD 053 muns S5l
(39 YA+ ladigas JS" dlaws) wis edliias! oSl

S5 9 o goNI (Y-T-£
gl oo b o3bj claguyp ior oly 2l Gl
ool Pl el ity like (slagS g S plo] Cilike
Sl oS Gt VYT s 3 el S5 b)) lalise

235 GBSl (P) ie 5 e

1 MATLAB
2 Root mean square error



oy OY-¥Y axan ;(\‘ﬂ%\ UL.«»JL?) Yy B)l.o.«f: DYy Sladss (29 _Lf"'l‘c dolilad ‘OI)K@ 9 L;?L:SDJ L;\L:f M

RMSE=0.3117, R2=0.9715

CO (%V)

r r r r
0 20 40 60 80 100 120 140
odld sliss

S&Wu dl){ (6{0) o.x'\i\/—l 04 (S 9 &515 CJLJ SMLQA NS )1394.5
Uoigel slmodls

RMSE=0.3125, R2=0.9676

degaze (4l CO oY1 o i 9 2ly gols duolie VY g
&L{)')I L;Ltboblb

5 WD g bigel slaodls (sly RMSE ¢ R? jlis
Cawds o, YIVD o - AFVE Ly 4 ol laodls (gl g+, VY
9 =l claodly o ol Swod onadlis yolie oyl ol

ol 048 o iy (sloodl>

CO2 oY1 gt s (5159 B &1yl 591 (0-Y-£
o obe 5l &S ol Cavty CO2 ube lp iz oSl
ASES o pd cpylin g LS (p S Sl 5 65Nl oSl
1
C02=0.2543 x;+0.9836 sin(e*?)-0.119 ex1+x2)
-0.2543 tanh(x2)-0.05408 x1x3e¥?+0.08251 xzx3eX?

+0.009706 v)
sodly b awslio 0 1) 055 sbodly VA 5 VA slayldges
sodly degormo slp cuipa Iy oS5l oolawl b odds oy
€8 b S ol g dlinMe iy o (L5 (D)l 5 S0l
RMSE 4 R? .coul 03905 w1y COz 00T polie (oob;
clodls gl g VIV g Q80T i a4 bjgel slaodly glp

el Cawsdy 4, YYVE o A8YS 55 4 o))

sbalges 3 (HBly gl cuns B Aoy 00d oy @l
TV‘““’)J u)‘.;))l 9 L)")?“J d‘.hb.)l.) :LCM dl); W))du VO 9 V¥
oie @l ol (ol (Siuwed g 0 odalin .Cul 0l
slad 5:0ke 5 s cupd polie )15 3929 (Bl @l 5 00
RMSE 5 R?) sl o YU (Stased opl oimd L osel cawds
sloodly (gly g+ FIFD § A0 55 4 bjgel (slaodls (glp

CO YT g s (5150 B 11 5o (£-V-£
Sk s 3 end )55 bl laylse g 0L (sla gy oluly
25 d3lae CO B YT i sy oS e ((V-V-F i)

!

C0=1644 cos(x2%)-4078 sin(cos(xz))
+289.6 log(log(xz))+0.1637 x2(x1-x3)
+0.1434 x22(x1-x3) +1650 (%)

3:.9405.:, Sy onds PP sosld 9 u.x§|9 odly duolie
p3lie w0 @l oS &S wmd o L5 byl g Bjgel (slmedld
(\V 9 \Ye dl.b:)‘.)yu) ol 03900 Sy cule cd L l) (0{0)

4 % RMSE=0.4145 &

% &

3 o R2=0.9994 e 1

o

q %o ,

q 40 OO@O

é 30+

S 28 . . \ ) ) . |
20 30 40 50 60 70 80

(N.m) ;=28 By pu5lie

degero (gl HglidS o (i g (ABlg ol Auslie VY lages

u*’)}"T Lgbbo)b

aol _/'ﬁ@
d RMSE=0.6115 _
L) N -
1‘: R2=0.9989 o
1_-; 60 /o/
9 s0r - -
r} -
E 40 //e
) &P
E 30F e
Z -~

2042 . . . . L L

20 30 40 50 60 70 80

(N.m) jgloaS  ably yo3lda
iﬁ).o.?u le)’ )9‘.;..«\5 ul}: [ u“’u‘“’ 9 stls G)L) jwuLQn YA )‘.)94»
bl ol



of OY-¥Y axan s(\‘ﬂﬁ\ UL.«»JL?) Yy 3)1&.«}3 DYy Sladss (29 _Lf"'l‘c dolilad ‘O‘)M 9 L;?L:,fc) L;\L:f kg.‘a.»aﬁ

RMSE=7.551, R2=0.9763

300

HC (ppm)

degame (gl HC 800 YT o0 (i 5 (o8ly 2ol dunlio Y+ l3ges
Uoj9al slodly

RMSE=8.124, Rz2=0.9716

240 p—A— r
220 [f - PRI oA Lo
| 4 ¥  EeEONE &
200 | 4 i A :'élw‘{v @b’ !
Al Al ?
1801 A i g
| 1 oY
— | \A \ | I
E 160 / A \
g il ‘\‘\\ \\ \
= AN | + I pi \
Q o | [ . | | = £ A A 1
I | 4 N A N
wl || # | 1 ko
e | A N
w00 | ||/ \ ' I\
LR A [\ | | 4 |
% % T A T\F X\ f -
r \/ = AL i J‘(i S
A ' i i /
60/~ A &
AN
% : : : : r r r r
0 5 10 15 20 25 30 35 40 45
odl> oluss

degorme (slp HC 80091 805w i 9 (#8ly gols duglio VY loges
u’l’))1 dbhoblb

NOx 0¥ _dt pls (552 20 311 (5oRUT (V-Y-£
25 SNl oy Calises slalsl jo W Candy S ls
Sl el pasld cops g 9 S (eSS

23,5 Ol NOx suo YT s i

NO=x;(0.2578-0.1418 log(x2)-0.03389 xz)
+0.2098 cos(x2-x3)-0.7961 x,-0.1418 ex1x2

+0.6061 cos(x,-1.413)-1.262 log(x2)-0.2288 (%)
YY 5 VY lojloges jo (Bly pul g odd (i s guls A3
oxd oy lis byl g Bigel slmodls degeme gy a4
Gy cawlio €8 glyls oas &l 6o a8 545 o dlan Mo .l
5 RZ onel cavty (gyll (cla o sl NOx oao¥l puess
&lpy RMSE 5 RZ j0lis) o)l Cdlas o) <Y 55 RMSE
claosly (cly g WES 5 AN Cpa hjgel (slaodls
& RMSE R2 yy3lie (casl YAD,\WE 5 - AVOS iy b))
oad o3y Ui Y Jodo pd g (SauYT g (00, Shas (sl i

RMSE=0.2114, R2=0.9653

155 T

CO, (%V)

60 80
odld dlaws

dl)g CO; a.).;g.\ﬂ W) SRU 9 @5‘9 CJL" iMuLn.a A )].)903
U590) (slodly degasme

RMSE=0.3041, R2=0.9636

1.

| PR Pt
—— (S

12f .
s : : : : : : : :
0 5 10 15 20 25 30 35 40 45
oald dluss

de gazee 51 CO2 oYl 0l sy 5 (Bl uls duslde VA Hagel
u.u)yo] sodly

HC o0 Y1 gt s (519 b0 &1) 6o (I-Y-£
HC 4, ¥1 a5 (el il il 51 odlisol b iglise (clogS)
e Olge 4 A dolee s )55 (slaslire ) as g b b3yl
13,8 Ll (S

HC=2.727 x2-0.7252 x1-0.1409 x3-0.4703 cos(2x1)
-3.532 tanh(x2+0.3846)+0.3544 cos(x1)+0.4957 (A)
P Bl @l boanlie oS Ay @ 0l Gagin @b
Uiyl g igel slaodls degezma (clp iy Y o Ve glaloges
= ole b 38l b SE pl jacwl sad eyl
95L) (e i pd oned )15 392 (HBly @l g oAb msie
Oi9el slaoals (¢l RMSE 5 R2) 55 3935 ol oo (o5 s
DAV it byl csleosls (el g V,00Y g < AVEY (i 4y
(sl ANYE



0 V=YY domio (WAY (lal) VY 8)led ygige lisions oimgy — sode dolibad o], San 5 SLS0d LS ilane

oy oy lp obsy eedlsy RMSE cuol +A5=Y odgaze
v,\"\YO c',;\\a v,\"f\"\ W).»J NOX 9 HC cCOZ cCO ‘)9L.Ma§
el Cavds YAD,IVE 5 ANYY (o YYYS

References

[1] M. Roy, Planning for sustainable urbanization in
fast growing cities: mitigation and adaptation issues
addressed in  Dhaka, Bangladesh, Habitat
International, Vol. 33, No. 3, pp. 276-286, 2009

[2] E. Stone, ]. Schauer, T.A. Quraishi, A. Mahmood,
Chemical characterization and source
apportionment of fine and coarse particulate matter
in Lahore, Pakistan, Atmospheric Environment, Vol.
44, No. 8, pp. 1062-1070, 2010

[3] S.H. Shuit, K.T. Tan Lee, A.H. Kamaruddin, Oil
palm biomass as a sustainable energy source: a
Malaysian case study, Energy, Vol. 34, No. 9, pp.
1225-1235,2009

[4] L. Zhu, C. Cheung, W.G. Zhang, Z. Huang,
Emissions characteristics of a diesel engine
operating on biodiesel and biodiesel blended with
ethanol and methanol, Science of the Total
Environment, Vol. 408, pp. 914-92, 2010

[5] AK. Agarwal, Biofuels (alcohols and biodiesel)
applications as fuels for internal combustion engines,
Progress in Energy and Combustion Science, Vol. 33,
No. 3, pp. 233-271, 2007

[6] B. Wen, C.Y. Xin, S.C. Yang, The effect of adding
dimethyl carbonate (DMC) and ethanol to unleaded
gasoline on exhaust emission, Applied Energy, Vol.
87, pp. 115-121, 2010

[7] C.L. Song, W.M. Zhang, Y.Q. Pei, G.H. Fan, G.P. Xu,
Comparative effects of MTBE and ethanol additions
into gasoline on exhaust emissions, Atmospheric
Environment, Vol. 40, 1957-1970, 2006.

[8] C. Park, Y. Choi, C. Kim, S. Oh, G. Lim, Y. Moriyoshi,
Performance and exhaust emission characteristics of
a spark ignition engine using ethanol and ethanol-
reformed gas, Fuel, Vol. 89, pp. 2118-2125, 2010

[9] M. Kiani Deh Kiani, B. Ghobadian, F. Ommi, G.
Najafi, T. Yusaf, Artificial Neural Networks Approach
for the Prediction of Thermal Balance of SI Engine
Using Ethanol-Gasoline Blends, Lecture Notes in
Computer Science, Vol. 7465, pp. 31-43, 2012

[10] N. Togun, S. Baysec, Prediction of torque and
specific fuel consumption of a gasoline engine by
using artificial neural networks, Applied Energy, Vol.
87, pp. 349-355, 2010

[11] A. Parlak, Y. Islamoglu, H. Yasar, A. Egrisogut,
Application of artificial neural network to predict
specific fuel consumption and exhaust temperature
for a Diesel engine, Applied Thermal Engineering,
Vol. 26, pp. 824-828, 2006

RMSE=134.6, R2=0.9853

4000
3500
3000
2500

2000

NO, (ppm)

1500

1000 -4

5007

o3y dluws
U590) (slodly degasme

RMSE=185.176, R?2=0.9756

4000

3500

3000 -

2500 1~

NO,_ (ppm)

2000 [~

1500 1~

1000 -4,

ey @l
0 5 10 15 20 25 30 35 40 45
o313 sl

500 [

dl).: NOX EMY] (X Lf'“u““" 9 (.&"‘3|5 EJLJ é.wlm Y )‘.)3‘»
u!L’.j)‘ ‘dl.mo)b :\LM

u.u)yoi dLMJb
RMSE R2 RMSE R2

Lﬁlﬁ})l Lg‘.mo)b 1 ws
).:M

YY) +,2200 S YYYY -, A3A0 Sy O\};
SN0 M SR L JkiS

SPWO SASYE TN -anie o
DYYSLAYE oYW LAY CO,
AYE  SAVYS V00 -AvsY HC
VALIVE  SAVAS WWFSe.  -AAOY  NOy
S5 (0

2 Joblen Jlde bl Lo aes e ol iaggy
NOx 5 CO2 (sloors¥ 5 s3ay5 g 58 g (slabglsce
et ol 43l LinlS HC 5 CO slaorsy¥T ¢ assly il
o i Sl smho g caslio 3 MGP o8 3l i 3o o)
ol RMSE 5 R? ()bl cslopite ol ygign slaorn¥]
oty Jlgld B (s osel sty Vol 45 wiad o
3 OVl opl Gy s oo &S (gyeba sl laoas Y


http://link.springer.com/search?facet-author=%22Gholamhassan+Najafi%22
http://link.springer.com/search?facet-author=%22Gholamhassan+Najafi%22
http://link.springer.com/search?facet-author=%22Talal+Yusaf%22
http://link.springer.com/bookseries/558
http://link.springer.com/bookseries/558

oF OV=FY aio (MY (Lisl) YV 8)lasd ¢jgge cldiod gl = gole dolilad ) Sen § JLS0y SLS dras

[18] W.D. Hsieh, R.H. Chen, T.L. Wu, T.H. Lin, Engine
performance and pollutant emission of an SI engine
using ethanol-gasoline blended fuels”, Atmospheric
Environment, Vol. 36, pp. 403-10, 2002

[19] H. Bayraktar, Experimental and theoretical
investigation of using gasoline- ethanol blends in
spark-ignition engines, Renew able Energy, Vol. 30,
pp. 1733-47, 2005

[20] T. Topgul, H.S. Yucesu, C. Cinar, A. Koca, The
effects of ethanol-unleaded gasoline blends and
ignition timing on engine performance and exhaust
emissions, Renewable Energy, Vol. 31, pp. 2534-
2542, 2006

[21] H.H. Yang, T.C. Liu, C.F. Chang, E. Lee, Effects of
ethanol-blended gasoline on emissions of regulated
air pollutants and carbonyls from motorcycles,
Applied Energy, Vol. 89, pp. 281-286, 2012

[22] D.P. Searson, GPTIPS: Genetic Programming and
Symbolic Regression for MATLAB, 2009

[12] M.H. Baziar, Y. Jafarian, H. Shahnazari, V.
Movahed, M.A. Tutunchian, Prediction of strain
energy-based liquefaction resistance of sand-silt
mixtures: An evolutionary approach, Computers &
Geosciences, Vol. 37, pp. 1883-1893, 2011

[13] A. Cevik, A.F. Cabalar, Modelling damping ratio
and shear modulus of sand-mica mixtures using
genetic programming, Expert Systems with
Applications, Vol. 36, pp. 7749-7757, 2009

[14] N. Togun, S. Baysec, Genetic programming
approach to predict torque and brake specific fuel
consumption of a gasoline engine, Applied Energy,
Vol. 87, pp. 3401-3408, 2010

[15] J.R. Koza, Genetic programming: On the
programming of computers by means of natural
selection. Cambridge, MA, USA, MIT Press, 1992

[16] M.B. Celik, Experimental determination of
suitable ethanol-gasoline blend rate at high
compression ratio for gasoline engine, Applied
Thermal Engineering, Vol. 28, pp. 396-404, 2008

[17] CW. Wu, RH. Chen, ]J.Y. Pu, T.H. Lin, The
influence of air-fuel ratio on engine performance
and pollutant emission of an SI engine using
ethanol-gasoline  blended fuels, Atmospheric
Environment, Vol. 38, pp. 7093-100, 2004



M. Kiani Deh Kiani et al,, The Journal of Engine Research, Vol. 27 (summer 2012), pp. 47-57 57

The Journal of Engine Research

Journal Homepage: www.engineresearch.ir

Modeling of an SI engine performance parameters and emissions using
bio-ethanol-gasoline blends by genetic programming

M. Kiani Deh Kiani?, B. Ghobadian?", F. Ommi3, G.H. Najafi*

IMechanics of Agricultural Machinery, Tarbiat Modares University, Tehran, Iran, ostafa kyani@yahoo.com
2Mechanics of Agricultural Machinery, Tarbiat Modares University, Tehran, Iran, ghobadib@modares.ac.ir
3Mechanical Engineering Department, Tarbiat Modares University, Tehran, Iran, fommi@modares.ac.ir
*Mechanics of Agricultural Machinery, Tarbiat Modares University, Tehran, Iran, g.najafi@modares.ac.ir
*Corresponding Author, Phone Number: +98-912-1135306

ARTICLE INFO

ABSTRACT

Article history:
Received: 23 July 2013
Accepted: 07 September 2013

Keywords:

Spark ignition engine
Bioethanol-gasoline blends
Multi-gene genetic
programming

In this paper, a model is described to predict performance parameters and
emissions of a spark ignition (SI) engine using genetic programming (GP). To
acquire data for training and testing of proposed GP, a four-cylinder engine
was fueled with ethanol-gasoline fuel blends. The pure gasoline fuel was
blended with various percentages of bio-ethanol (0, 5, 10, 15 and 20%), and
the engine brake power, the torque and exhaust emissions (CO, HC, CO; and
NOx) were measured at different engine speeds and loads. Experimental
results showed that as the ratio of the ethanol fuel was increased in the
blend, CO and HC emissions were decreased but the brake power, the
torque, CO2 and NOx were increased. Numerous runs were performed with
the GP model and the performance of developed equations was evaluated.
Optimum models were selected according to statistical criteria of the root
mean square error (RMSE) and the coefficient of determination (R2).
Simulation results demonstrated that the GP model was a powerful tool to
predict engine pollutant emissions.
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