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Abstract
Background and Objective: The first step in design of municipal waste management systems is
complete understanding of waste generation quantity. Forecasting waste generation is one of the most
complex engineering problems due to the effect of various and out of control parameters on waste
generation. Therefore, it is obvious that it is necessary to develop approaches to a model such
complex events. The objective of this study is forecasting waste generation quantity using intelligent
models as well as their comparisons and uncertainty analysis.
Method: In this study, Mashhad city was selected as a case study and waste generation time series of
waste generation in 1380 to 1390 were used for weekly prediction. Intelligent models including
artificial neural network, support vector machine, adaptive neuro-fuzzy inference system as well as K-
nearest neighbors were used for modelling. After optimizing the models’ parameters, models’
accuracy were compared by statistical indices. Finally, result uncertainty of the models was done by
Mont Carlo technique.
Findings: Results showed that coefficient of determination (R?) of artificial neural network adaptive
neuro-fuzzy inference system, support vector machine, and K-nearest neighbor models were 0.67,
0.69, 0.72 and 0.64 respectively. Uncertainty analysis was also justified the results and demonstrates
that support vector machine model had the lowest uncertainty among other models and the lowest
sensitivity to input variables.
Conclusion: Intelligent models were successfully able to forecast waste quantity and among the
studied models, support vector machine was the best predictive model. Moreover, support vector
machine produced the results with the lowest uncertainty the other models.
Keywords: Quantitative Waste Generation Forecasting, Artificial Neural Network, Support Vector
Machine, K-nearest Neighbors, Adaptive Neuro-fuzzy Inference System, Uncertainty Analysis.
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5- Connectionist models )
6- Principal component analysis
6- Gamma Test
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1- Least Square Regression
2- Fuzzy Inference System
4- Adaptive Neuro-Fuzzy Inference System
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Figure 1- Location of Mashhad city in Iran
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3 - Support vector machine

4 - Supervised learning

5- Classification

6- Maximum-Margin Hyperplane
7 -Relative Mean Error

8- Root Mean Square Error

9 -Mean Average Relative Error
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1- K- Nearest Neighbours
2- Cross Validation
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Table 1- Error of one-layer neural network by changing neuron number in the hidden layer
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Table 2- Results of neural network training with different learning algorithms
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Figure 2- Results of training and test of neuro-fuzzy model
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Table 3- Determination of the best kernel function for SVM model

S al> e ygel al> e &S als
R’ MSE R’ MSE
Nt YvOx) +/540 YYYx) b
CEAY £/90x) + 1) CVEY £VYXY Y ) &l ez wi>
as 1/44x) 1) VIAPD WAL eles
Y Y/AAX) +1) EYY \ANE SdgeSans




vy

B o 3 o3liiunl Uy (6 pes Wilowns CanoS S sy

Al G o sl gy ol jo 0gd e eolaiul (glal> e g0
T AR N R R W N I N IPURIE S PPN e W
4l S sl prie JO G oo o) w5, 5l E gV o))
4l @ 429 b g oS (o0 e |y S G 5eS L
Gow g0 AL ST 40 kb al> e 40 sdel Cewdy dng
@ S e &S ol Jlisa 5SasS
ol oasl (F) I 50 agie ol glp Al sgmais
Glp ang polie cusl Lazine K6 opl 0 oS ebles
Gyl B YY) dpinn et Slomy CoeS Smyion Jow

el odwl s (7 ,€,0) =

R? K

MARE

S g0 b oS el ¥ pb 4y (B (s 095 elad JiS 6
o 5 (C) cd b Jps Jals planty o oedle Jow
az 2 C ool aiil oo il it i j5boay (€) oaisS
@)l b @ s GGk Cemles Wil 555
Ll 053 o0 plosl Loz (g3luaal Ban b Joo (ij9el ike
Cedsb JyS coli ST Bk sl alce el Jae Cueges
s L antls iloaineS ol gl a3 )l 0 S8
OSoe (5 S oo oy SRl Joe Coeges g 098 0 pal 8
Sgei )8 (ol b cnlpby b SRl Joe slas ool
Slp s (Rl ol Congas (Jao do Giliil  opdle oS

SlaSls oz (g, 5l el cpl aige polie o,

(A

(<)
s ola o il (o (bl cm o (A1 sl 102 comiile Jokn 53wy o Y JSC

Figure 3- Results of optimizing SVM model a) coefficient of determination b) mean square error
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Table 4- Comparision of errors and calculation times of intelligent models in the test stage
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Figure 5- Results of intelligent model in the test stage
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Table 5- Comparison of errors and calculation times of intelligent models in the test stage by

uncertainty analysis

Ohalejl al> o gl al> e

R> | MARE | RMSE | RME | BR% D R? | MARE | RMSE | RME D BR% o)l
VS Y ui FEAQVA | YSOYT A¥ V/OVY | o/VYV /Y0 FVaYSe | YVYOLA | V/FAF A ANNH-- .
JEVA VAL OTVYYA | AT — — “JAA /Y0 YFAYAY | YSAVE — — ANN
SIPYY | <leYA | OFAYSY | fYVPAY v SYEE | IPAY | /e¥Y | A0OVVE | YOAAYS | oYY fA | ANFISy. ..
- 17AQ [YA | OYEYOY | FAYRAY | —— ——— | SIVOY | +fe¥Q | AYVAYE | YAOFYY | —— — ANFIS
VYO /e FOVEY | YYOAAV 0 CAY | AV /oY TAAYOV | YFAQTY | /N P¥ Y SVMh. ..
VYA /¥ FOVEV | YYSFAL | —— —— | A0 | Y | NSO | YEevay | —— -— SVM
XYY YN GAVAOY | VIQFA. vy Y/OVY - - - - - - KNNy- ..
a4 VA | OYYFAY | FAYVAOY - - - - - - - - KNN




M

B0 3l colaiwl b (g poeis .,\SM CamoS’ S o

bl Gl 0l b Joe (9,5 ls o o)l LRl e
» 55 ANN 5 ANFIS SVM cloJas sy50 10

Aol o (i (e Ol 4 dlde

&5 Al
S5 5 ppe Jolse 51 (S s wlany S 5 0087
0SE bl sl Wl olge Cupde e O
Dy Slowy 3dg8 Gl Gmiin ) S @b
R ey 950 Alire wiadisn o Jae )5 Lol ad)S
ot 2l wder laJae aSul vgz b ol 418,55
Conlad Lgl)lo o Joe Q.il C.;LJ Ll ‘o)lo I) PRVE Lgl.mo..\.l..\i
Coalad pas }:Jlfl 4 5L b Jow Q.il cal:u jl oolazw! 9 Conns
S Slows 355 Glime GeedS Slp Geod (nl 50 0l
VWAL LAYV (goy99 (sl wlown adsi 2 Sge slo it
S Joo gy JE3le 05 gplaer (Sihe Oj50n
oS s olatay oy eble silsy (omas
Al Slony el SoelsS  tmihe oly baglaos
ol 13 5 gns g, b loJoe S5 s latingy 05
oy iz slooylol 5l oo o Sles (2] (sl 28,8
5 Sl Gladus 055 ead Joe (@80 B ol a8
Sl ol ol g a5l odee JSie SO diadign (glaados
@l coald ke bl Jyene slagis; b plgies oS
Coabad pae oS Cige (hg, b Lrinl 5o 05 eSS ) Je
JLON-PURIv- N RS BN FCOPC VN RCHPR VI V-9 KV
O3S gy 4 ladse I plaS e oald pae 09,00
lS a8 glagiy, 4ok wils (Kiwr o] (255
wﬁxKNNsww&umgaw
pls8 SVM 5 (5l8g55 aiaisils (slasg, J5 wuzils sob;
J ol 1, oabing e SVM 5 wizils oy
Slony CoeS g dee 5O stelie Sldlas ol
b sy2ge lilllas daglio 5,10 3925 diaiisn (lo e Lo
lodos b Slillas aslen wms e lis e ol

Iy dilony (o5 Gmiin 2Uly Jod BB jebay aieisa

Slagyle; plod ;o e oo odalive (F) S o a5 joblen
polie 48 o 508 Coabad sae slls SVM asis o i
FB palS 0929 b oS 00g (Jp3 el cnl g 039 (295
Slaws e o plo 4 Cas ] A7 el G5b (5,0 a5
A S b ilazd )3 18 Wil ol jo oS Slaslie sleesls
P el 4 asg bass o plas el Koo sla o
Sgu 0 oadlive ((B) Jgo) 0wl Caay Obaeb! Wil lawgie
W@ 1o g0l atws 5l 4 (55 s Combu KNN aoss a5
pac S9xg @B &5 Wlawy o5 polie oS> axplxy
Obaselsl a3b KNN o4, = ooyl SO S (oS Conhd
JJL R d)lSB)J J«.\.o ] ob}‘o—; Q)B]‘)J. ‘) wl.uol.v 9 Lj)),i
olaws rals Jg cusl ooged obml |, (SeS lowb
Crxaiz Guals loebl il o Slelie sleesl
@ ol o Gedle 5 53lg 5 Joe Coslad pae S (oo
A G (6389 5 Gl wil jo 00l cnalive (gboosls olaxs
Sl oye el st O @ ) Jpr & azy
i 3 Gl L KNN  oe oS8 A0 il
olis g 00g Yzl Jgol By el ol a5 wil oo
Sawaly o dom i o KNN , eras A a5 Aes
oS I 0 ablge bosls a4 Golis o (£ 9 Gxd sl
5 sl miz @ eS 5385 s SVM Jue o aais
S cmiin SenbB pas 3 1) Rk Wy, baJae o

Ao o lis og>
Slagnohn Wgdee odalie B) Jgaz o &S sbiles
3 ANN 3 ANFIS SVM aJgl slo Jos Lawgs sais plol
S aBle pb 4 K5 s plas S5 Ve il
Joe 50 L ablee o ol sl easmslis ol )
oeSle 5 adsl Joo @l ol Stz ool KNN
slagngin Sz 2 wede olul, gmobn Voo
el 4 Cows KNN3 bagjluans (oSke 51 Jol>

a iy so el pl cde a5 ilosgy g (o050 sl o




OlHes g owle

Q9 olo (190,938 AY 6Ll cown ) Lo (55819050 g pole \AY

10.

11.

12.

networks. Proceedings of the IFSA.
World Congress 41991. pp. 82-6.
Agil M, Kita, I, Yano A,
Nishiyama S, 2007a. A
comparative study of artificial
neural networks and neuro-fuzzy in
continuous modeling of the daily
and hourly behaviour of runoff.
Journal of Hydrology; Vol: 337,
pp. 22-34.

Aqil M, Kita I, Yano A, Nishiyama
S, 2007b. Analysis and prediction
of flow from local source in a river

basin using a  neuro-fuzzy
modeling  tool.  Journal  of
Hydrology Environmental

Management; Vol: 85, pp. 215-23.
Wang XX, Chen, S., Lowe, D.,
Harris, C.J., 2006. Artificial neural
networks based on principal
component analysis input selection
for quantification in overlapped
capillary electrophoresis  peaks.
Chemom Intell Lab Syst Vol: 82,
pp. 165-175.

Akcayol MA, 2004. Application of
adaptive neuro-fuzzy controller for
SRM. Advances in Engineering
Software; Vol: 35(3-4), pp. 129-37.
Chang FJ ,Chang, Y.T., 2006.
Adaptive neuro-fuzzy inference
system for prediction of water level
in reservoir. Advances in Water
Resources; Vol: 29(1), pp. 1-10.
Nayak PC, Sudheer, K.P., Rangan,
D.M., Ramasastri, K.S., 2004. A
neuro-fuzzy computing technique
for modeling hydrological time
series. Journal of Hydrology; Vol:
291, pp. 1-17.

2 erge oledbl adlas ol gleaidl >3 o)l

Ol bl coslad pue }ﬁJlﬂ g Joigd o oo dunlie aio)

S SO

AR WA

KNN' Jao o5 sy 5 oo

95l s0 ol oy

&=y

Dyson B, Chang N, 2005.
Forecasting municipal solidwaste
generation in a fast-grow in urban
region with system dynamics
modeling. Waste Management;
Vol: 25, pp. 669-79.

Noori R, Abdoli MA, Farokhnia A,
Abbasi M,  2009. Results
uncertainty  of  solid  waste
generation forecasting by hybrid of
wavelet transform-ANFIS and
wavelet transform-neural network.
Expert Syst Appl; Vol: 36(6), pp.
9991-9.

el W3ly olge Copoe gp ( Jae Y
MYV olse b g bl glosle

Jalii GZM, Noori R, 2008.
Prediction of municipal solid waste
generation by use of artificial
neural network: A case study of
Mashhad. Int J Environ Res; Vol:
2(1), pp. 13-22.

..‘ st:)lfﬁdto [ 5‘51.:.1? 5] 56)9_\ s.&.rb G‘SIJ{.C .(.5

Sheslinal b ol oy aby (i

bl slagss, 5 (Srras oras 4D

BV PO

6.

FVVY o VAP o)l
Jang JSR, Gulley, N. Rule

extraction using generalized neural



VAY e g0 5l 03laiuwl b 6yt wilowmy oroS' (St iy

18. Benardos PG, Vosniakos GC, 13. Chen HW, Chang N-B, 2000.
2007. Optimizing feedforward Prediction analysis of solid waste
artificial neural network generation based on grey fuzzy
architecture. Engineering dynamic modeling.  Resources,
Applications of Artificial Conservation and Recycling; Vol:
Intelligence; Vol: 20(3), pp. 365- 29, pp. 1-18.

82. 14. Abbasi M, Abduli MA, Omidvar

19. Tang Z, Fishwick PA, 1993. B, Baghvand AY, Forecasting
Feedforward neural nets as models Municipal Solid waste Generation
for time series forecasting. ORSA by Hybrid Support Vector Machine
journal on computing; Vol: 5(4), and Partial Least Square Model.
pp. 374-85. Vol: (7), pp. 27-33.

20. Buragohain M, Mahanta C, 2008. 15. Abbasi M, Abduli MA, Omidvar
A novel approach for ANFIS B, Baghvand A, 2014. Results
modelling based on full factorial uncertainty of support vector
design. Applied Soft Computing; machine and hybrid of wavelet
Vol: 8(1), pp. 609-25. transform-support vector machine

21. Chiu SL, 1994, model models for solid waste generation
identification based on cluster forecasting. Environmental
estimation. Journal of Intelligent Progress & Sustainable Energy;
and Fuzzy Systems; Vol: 2(3), pp. Vol: 33(1), pp. 220-8.

267-78. 16. Abbasi M, El Hanandeh A, 2016.

22. Yakowitz S, 1987. Nearest- Forecasting municipal solid waste
neighbour methods for time series generation using artificial
analysis. Journal of Time Series intelligence modelling approaches.
Analysis; Vol: 8(2), pp. 235-47. Waste Management; Vol: 56, pp.

23. Ulam s ,1949 .The Monte Carlo 13-22.
method. Journal of the American 17. Abbass HA, 2002. An evolutionary
Statistical Association; Vol: 44 artificial neural networks approach
(247), pp. 335-41. for breast cancer diagnosis.

24. Vapnik V. Nature of Statistical Artificial Intelligence in Medicine;

Learning Theory. Springer. 1995.

Vol: 25(3), pp. 265-81.




