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Thermal and mechanical studies 
of nanochitosan incorporated polymethyl 
methacrylate-based composite electrolytes
P. M. Shyly1, N. Ammakutti Sridevi2 and P. Sumithraj Premkumar3* 

Introduction
Polymethyl methacrylate (PMMA) is a transparent polymeric material and has many 
desirable properties such as light weight, high light transmittance, chemical resistance, 
uncolored, corrosion resistance, and good insulating properties [1]. Also, it has been 
used as a polymer host due to its high stability at the lithium-electrolyte surface since it 
is less reactive towards the lithium electrode. In this polymer, a monomer methyl meth-
acrylate (MMA) has a polar functional group in the main polymer chain and has high 
affinity to lithium ions which are transported. The oxygen atoms in these monomers will 
form a coordinate bond with the lithium ion which is from the doping salts. Thus, due 
to the presence of polar functional group in PMMA, the increase in effective ionic trans-
port of PMMA based polymer electrolytes might be achieved. Among various lithium 
salts, lithium triflate (LiTf, LiCF3SO3) is an interesting salt since it decreases the polymer 

Abstract 

The composite solid polymer electrolytes based on Polymethyl methacrylate–Lithium 
triflate with nanochitosan as inert nanofiller were prepared by membrane hot-press 
method. Nanochitosan was synthesized from shrimp shell. The obtained polymer 
membrane was subjected to X-ray diffraction and Fourier transform infrared spec-
troscopy to study the structural behavior. X-ray diffraction studies revealed that the 
incorporation of nanochitosan in the prepared polymer matrix enhanced the amor-
phous phase. The complexation behavior of the prepared electrolytes was analyzed by 
Fourier transform infrared spectroscopy. Thermogravimetric and differential scanning 
calorimetric studies were carried out to understand the thermal stability of the pre-
pared polymer composite electrode. The incorporation of nanochitosan in the polymer 
matrix significantly reduces the crystalline temperature of polymethyl methacrylate 
which was confirmed by differential scanning calorimetric study. Universal testing 
studies were carried to know the mechanical stability of the prepared solid polymer 
electrolytes. The ionic conductivity of the prepared composite polymer electrolyte was 
carried out using electrochemical impedance spectroscopy from ambient to 120 °C.

Keywords:  PMMA, Nanochitosan, Structural studies, Thermal stability, Mechanical 
strength

Open Access

© The Author(s)  2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​
creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​mmons.​org/​publi​
cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

RESEARCH

Shyly et al. 
Journal of Engineering and Applied Science           (2022) 69:26  
https://doi.org/10.1186/s44147-022-00077-5

Journal of Engineering
and Applied Science

*Correspondence:   
psumithraj@gmail.com 
3 PG and Research 
Department of Physics, St. 
John’s College, Palayamkottai, 
Tirunelveli, Tamilnadu 
627002, India
Full list of author information 
is available at the end of the 
article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s44147-022-00077-5&domain=pdf
3.3.1/Journals/2022/Data template S.No .4

Highlight

Highlight



Page 13 of 14Shyly et al. Journal of Engineering and Applied Science           (2022) 69:26 	

Authors’ contributions
The experiment and analysis of the present study was carried out by the first author. The second author was involving to 
do the mechanical studies of the prepared samples. Third author gave the ideology to carry out the research work and 
helped the entire analysis of the submitted article. All authors read and approved the final manuscuript.

Funding
No funding was received from any sources to carry out this research work.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author/First author on 
reasonable request.

Declarations

Competing interests
The authors declare that they have competing interests.

Author details
1 Department of Physics, Nesamony Memorial Christian College, Marthandam, Kanyakumari, Tamilnadu 629165, 
India. 2 Department of Physics, Annai Hajira Women’s College, Melapalayam, Tirunelveli, Tamilnadu 627005, India. 3 PG 
and Research Department of Physics, St. John’s College, Palayamkottai, Tirunelveli, Tamilnadu 627002, India. 

Received: 3 July 2021   Accepted: 2 February 2022

References
	1.	 Ramesh S, Wen LC (2010) Investigation on the effects of addition of SiO2 nanoparticles on ionic conductivity, FTIR, and 

thermal properties of nanocomposite PMMA–LiCF3SO3–SiO2. Ionics 16:255–262
	2.	 Visakh PM, Thomas S (2010) Preparation of bionanomaterials and their polymer nanocomposites from waste and 

biomass. Waste Biomass Valor 1:121–134
	3.	 Muzzarelli RAA (1996) Chitin chemistry in the polymeric materials. CRC Press, Florida
	4.	 Harish Prashanth KV, Tharanathan RN (2007) Chitin/chitosan: modifications and their unlimited application potential—

an overview. Trends Food Sci Technol 18(3):117–131
	5.	 Dutta PK, Duta J, Tripathi VS (2004) Chitin and chitosan: chemistry, properties and applications. J Sci Ind Res 63(1):20–31
	6.	 Bano I, Arshad M, Yasin T, Ghauri MA (2019) Preparation, characterization and evaluation of glycerol plasticized chitosan/

PVA blends for burn wounds. Int J Biol Macromol 124(1):155–162
	7.	 Muzaffar S, Abbas M, Siddiqua UH, Arshad M, Tufail A, Ahsan M, Alissa SA, Abubshait SA, Abubshait HA, Iqbal M (2021) 

Enhanced mechanical, UV protection and antimicrobial properties of cotton fabric employing nanochitosan and polyu-
rethane based finishing. J Mat Res Technol 11(1):946–956

	8.	 Abbas M, Hussain T, Arshad M, Ansari AR, Irshad A, Nisar J, Hussain F, Masood N, Nazir A, Iqbal M (2019) Wound healing 
potential of curcumin cross-linked chitosan/polyvinyl alcohol. Int J Biol Macromol 140(1):871–876

	9.	 Ali M, Aboelfadl M, Seliem A, Khalil H, Elkady G (2018) Chitosan nanoparticles extracted from shrimp shells, application 
for removal of Fe(II) and Mn(II) from aqueous phases. Sep Sci Technol 53. https://​doi.​org/​10.​1080/​01496​395.​2018.​14898​45

	10.	 Jung HR, Lee WJ (2011) Electrochemical characteristics of electrospunpoly(methyl methacrylate)/polyvinyl chloride as 
gel polymer electrolytes for lithium ion battery. ElectrochimicaActa 58:674–680

	11.	 Kumar D, Hashmi SA (2010) Ion transport and ion–filler-polymer interaction in poly(methyl methacrylate)-based, 
sodium ion conducting, gel polymer electrolytes dispersed with silica nanoparticles. JPower Sources 195(15):5101–5108

	12.	 Tretinnikov ON, Nakao K, Ohta K, Iwarnoto R (1996) Surface studies of stereoregularpoly(methyl methacrylate)s: Effect of 
interface on near-surface composition and crystallinity. Macromol Chem Phys 197:753–765

	13.	 Costa MM, Terezo AJ, Matos AL, Moura WA, Jose AG, Sombra ASB (2010) Impedance spectroscopy study of dehydrated 
chitosan and chitosan containing LiClO4. Physica B 405(21):4439–4444

	14.	 Suait MS, Ahmad A, Hamzah H, Rahman MYA (2011) Effect of lithium salt concentrations on blended 49% poly(methyl 
methacrylate) grafted natural rubber and poly(methyl methacrylate) based solid polymer electrolyte. Electrochim Acta 
57:123–131

	15.	 Sumithraj Premkumar P (2019) Preparation and electrical studies on pure and oxygen plasma treated polyvinyl alcohol 
films. J Mater Res Technol 8(2):2232–2237

	16.	 Vickraman P, Ramamoorthy S (2006) A study on the blending effect of PVDF in the ionic transport mechanism of plasti-
cized PVC–LiBF4 polymer electrolyte. Mater.Lett 60(28):3431–3436

	17.	 Rajendran S, Uma T, Mahalingam T (2000) Conductivity studies on PVC–PMMA–LiAsF6–DBP polymer blend electrolyte. 
Eur Polym J 36(12):2617–2620

	18.	 Saikia D, Kumar A (2005) Ionic transport in P(VDF-HFP)–PMMA–LiCF3SO3–(PC + DEC)–SiO2 composite gel polymer 
electrolyte. Eur Polym J 41(3):563–568

	19.	 Ramesh S, Yuen TF, Shen CJ (2008) Conductivity and FTIR studies on PEO–LiX [X: CF3SO3−, SO42−] polymer electro-
lytes. Spectrochim Acta Part A 69(2):670–675

	20.	 Ramesh S, Lu SC (2008) Effect of nanosized silica in poly(methyl methacrylate)–lithium bis(trifluoromethanesulfonyl)
imide based polymer electrolytes. J Power Sources 185:1439–1443

	21.	 Rajendran S, Sivakumar M, Subadevi R (2004) Investigations on the effect of various plasticizers in PVA–PMMA solid 
polymer blend electrolytes. Mater Lett 58:641–649

https://doi.org/10.1080/01496395.2018.1489845


Page 14 of 14Shyly et al. Journal of Engineering and Applied Science           (2022) 69:26 

	22.	 Rajendran S, Mahendran O, Kannan R (2002) Ionic conductivity studies in composite solid polymer electrolytes based 
on methylmethacrylate. J Phys Chem Solids 63:303–307

	23.	 Ramesh S, Shanthi R, Durairaj R (2011) Effect of ethylene carbonate in poly (methyl methacrylate)-lithium tetraborate 
based polymer electrolytes. J Non-Cryst Solids 357:1357–1363

	24.	 Salehan SS, Nadirah BN, Saheed MSM et al (2021) Conductivity, structural and thermal properties of corn starch-lithium 
iodide nanocomposite polymer electrolyte incorporated with Al2O3. J Polym Res 28:222. https://​doi.​org/​10.​1007/​
s10965-​021-​02586-y

	25.	 Wang YJ, Kim D (2007) Crystallinity, morphology, mechanical properties and conductivity study of in situ formed PVdF/
LiClO4/TiO2 nanocomposite polymer electrolytes. Electrochim Acta 52:3181–3189

	26.	 Chen C, Li D, Deng Q, Zheng B (2012) Optically Transparent Biocomposites: Polymethylmethacrylate Reinforced with 
High-Performance Chitin Nanofibers. Bio Resources 7:5960–5971

	27.	 Regu T, Ambika C, Karuppasamy K et al (2019) Al2O3-incorporated proton-conducting solid polymer electrolytes for 
electrochemical devices: a proficient method to achieve high electrochemical performance. Ionics 25:5117–5129

	28.	 Rajendran S, Uma T (2000) Lithium ion conduction in PVC-LiBF4 electrolytes gelled with PMMA. J Power Sources 
88:282–285

	29.	 Karuppasamy K, Thanikaikarasan S, Antony R et al (2012) Effect of nanochitosan on electrochemical, interfacial and 
thermal properties of composite solid polymer electrolytes. Ionics 18:737–745

	30.	 Manuel Stephan A, Nahm KS, Anbu Kulandainathan M et al (2006) Electrochemical studies on nanofiller incorporated 
poly(vinylidene fluoride–hexafluoropropylene) (PVdF–HFP) composite electrolytes for lithium batteries. J Appl Electro-
chem 36:1091–1097

	31.	 Angulakshmi NP, Kumar T, Thomas S, Manuel Stephan A (2010) Ionic conductivity and interfacial properties of nanochi-
tin-incorporated polyethylene oxide–LiN(C2F5SO2)2 polymer electrolytes. Electrochim Acta 55(4):1401–1406

	32.	 Johan MR, Fen LB (2010) Combined effect of CuO nanofillers and DBP plasticizer on ionic conductivity enhancement in 
the solid polymer electrolyte PEO–LiCF3SO3. Ionics 16:335–338

	33.	 Rajendran S, Mahendran O, Mahalingam T (2002) Thermal and ionic conductivity studies of plasticized PMMA/PVdF 
blend polymer electrolytes. Eur Polym J 38(1):49–55

	34.	 Stephan AM, Renganathan NG, Kumar TP et al (2000) Ionic conductivity studies on plasticized PVC/PMMA blend poly-
mer electrolyte containing LiBF4 and LiCF3SO3. Solid State Ionics 130(1–2):123–132

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10965-021-02586-y
https://doi.org/10.1007/s10965-021-02586-y


Vol.:(0123456789)1 3

https://doi.org/10.1007/s11581-022-04602-7

ORIGINAL PAPER

PVDF/PEO/HNT‑based hybrid polymer gel electrolyte (HPGE) 
membrane for energy applications

Ramkumar Gurusamy1 · Agnes Lakshmanan2 · Nagarajan Srinivasan3 · Anuradha Ramani4 · 
Rajasekaran Thanjavur Renganathan1 · Sabarinathan Venkatachalam1,2

Received: 16 December 2021 / Revised: 2 May 2022 / Accepted: 6 May 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
In this paper, we present the electrical characteristics and performance of hybrid gel polymer electrolyte (HPGE) based on 
polyvinylidene fluoride (PVDF)/polyethylene oxide (PEO) blends with various weight percentages of halloysite nanotube 
(HNT) in addition to liquid electrolyte. The polymer composite membranes were prepared via phase-inversion method 
(non-solvent-induced phase separation (NIPS)). The polymer composite membranes modified with an additive (40 wt.% of 
HNT) showed increased porosity and uptake of a large amount of liquid electrolyte (294.9%), which generated a high level 
of ionic conductivity (4.34 mS cm−1) at room temperature. Moreover, PEO/PVDF with 40 wt.% of HNT-based HPGE has 
high dielectric constant value and inversely low relaxation time. Based on these results, it is proposed that HNT-based HPGE 
is a promising electrolyte material to be used in energy storage applications in the near future.

Keywords  Hybrid polymer gel electrolyte · Phase inversion method · Ionic conductivity · Dielectric property · PVDF · 
Halloysite

Introduction

Liquid electrolytes are commonly used for energy storage 
devices such as batteries and supercapacitors, which suffer 
from outflow and flammable complications. In particular, 
the electrode–electrolyte interface (passivating layer) in 
batteries has dendrite formation, interfacial instability, and 
increased thermal explosion problems [1–3], which will 
affect the performance of energy storage devices. Currently, 
many researchers are working to solve the aforementioned 
issues by introducing new electrolyte materials such as poly-
mers, composites, and ceramics. Polymer electrolyte is one 
of the suitable candidates to replace the liquid electrolyte 

and to overcome the drainage and flammable complications 
[4, 5]. Polymer electrolytes usually in a state of solid or gel 
are a new type of ionic conductor composed of polymer 
matrix and lithium salt. The solid polymer electrolyte is light 
in weight, flexible, and possesses high chemical and thermal 
stability, even though it suffers from low ionic conductiv-
ity [6, 7]. Gel polymer electrolytes receive great attention 
due to their high ionic conductivity compared to the solid 
polymer electrolytes and free of liquid electrolyte problems 
[8–10]. Preparation of gel polymer electrolyte is one of the 
important processes, and concentrating in this issue, the 
researchers used homogeneous gelation method. In homog-
enous gelation process, the polymer host acts as a gelator 
with liquid electrolyte to form gel polymer electrolyte. But 
the mechanical properties of polymer electrolyte are severely 
affected [11, 12] due to dissolving the polymer in solvent, 
which affects the polymer backbone. Instead, some investi-
gators used liquid electrolyte absorption method, in which 
the polymer host prepared as a porous membrane uptakes the 
liquid electrolyte without compromising the mechanical sta-
bility of the polymer host [13, 14]. Additionally, the selec-
tion of polymer host is an important phenomenon to prepare 
gel polymer electrolyte, as the polymer host enhances the 
electrolyte properties like ionic conductivity and mechanical 
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stability. A variety of polymer hosts are used to prepare 
gel polymer electrolyte such as poly (vinylidene fluoride) 
(PVDF) [15, 16], poly (ethylene oxide) (PEO) [17, 18], poly 
(methyl methacrylate) (PMMA) [19, 20], and polyacryloni-
trile (PAN) [21, 22]. Among all these polymers, PVDF 
holds excellent mechanical properties and high dielectric 
constant. PEO has good ionic conductivity, whereas PVDF/
PEO blends polymer host shows ionic conductivity [23, 24] 
in the range 1 mS/cm. Several attempts have been made by 
the researchers to enhance the ionic conductivity, mechani-
cal stability, and electrochemical properties. The ionic con-
ductivity value of PVDF/PEO blends–based microporous 
polymer electrolyte is 2 mS/cm, 1.0 mS/cm, and 0.3 mS/cm 
reported by Xi et al. [25], Patla et al. [26], and Ushakova 
et al. [27] respectively. In 2022, Y. Xu et al. examined that 
the electrochemical performance of solid blend polymer 
electrolyte (PEO/PVDF) with ZnO nano-filler showed the 
ionic conductivity of 0.34 mS/cm and concluded that adding 
nano-filler in the composite electrolyte enhances the elec-
trochemical performance and mechanical properties [28].

The present work focuses on enhancing the ionic con-
ductivity of the PVDF/PEO, by the addition of HNT into 
the polymer electrolyte composite, as the HNT has attracted 
wide interests for membrane modification due to its advan-
tages such as biocompatibility, low-cost availability, and 
environmental friendliness. In addition, HNT is composed 
of aluminol in the inside space of the tubular structure and 
siloxane (Si–O–Si) groups on the outer surface. This array is 
helpful to enhance the charge separation in polymer electro-
lyte. The structural morphology of HNT shows a positively 
charged inner space of tubular structure and a negatively 
charged outer space [29–31]. Considering this, as an inor-
ganic nano-filler, can, in fact, improve the performance of 
the polymer blends. Hence, in this paper, it has been aimed 
to investigate the effect of HNT in PEO/PVDF polymer 
blend–based HPGE.

Materials and methods

Preparation of PVDF/PEO/HNT polymer composite 
membrane

Polyethylene oxide (PEO), polyvinylidene fluoride (PVDF), 
and halloysite nanotube (HNT) were purchased from Sigma 
Aldrich, India. Glycerol and dimethylformamide (DMF) 
were obtained from Merck, India. To obtain polymer solu-
tion, appropriate amounts of PEO (0.5 g) and PVDF (0.5 g) 
were dissolved in DMF (10 ml) solvent and glycerol (1 ml) 
(non-solvent) and stirred on the magnetic stirrer to get the 
homogeneous solution. Furthermore, various weight per-
centages (10, 20, 30, and 40 wt. %) of HNT were added 
into polymer solution. Then, the solutions were transferred 

to the Petri dish and dried in the oven at 60  C for 12 h, 
to get the polymer composite membrane (PCM), with the 
thickness around 200 µm. The prepared polymer composite 
membranes (PCMs) were soaked in liquid electrolyte (1 mol 
of LiClO4/diethyl carbonate (DEC)/ethylene carbonate (EC)) 
for 1 h. The excess liquid electrolyte was then carefully 
removed using the tissue paper. The polymer membrane 
composed of 10, 20, 30, and 40 wt.% HNT with the hybrid 
polymer gel electrolyte (HGPE) are named (sample code) 
as PE10, PE20, PE30, and PE40, respectively. The liquid 
electrolyte uptake percentage, δ (%)of polymer composite 
membrane was calculated by

where M and M0 are the mass of wet and dry membranes 
respectively.

Characterization techniques

Fourier transform infrared (FTIR) spectroscopy (Perki-
nElmer Spotlight 200i) technique was used to identify 
the presence of a functional group in HGPE, in the fre-
quency range 4000–400 cm−1. Thermal behavior of the 
prepared HPGEs was examined by thermogravimetric 
analysis and differential thermal analysis (STA7200 
thermal analyzer). Surface morphology of the prepared 
HPGEs was explored by OLYMPUS BX53 upright 3 
viewer microscope.

Impedance spectroscopy (IS) experiments were carried 
out by Biologic-VSP300 Multichannel workstation with the 
frequency range from 7 MHz to 1 Hz. To get the electrical 
node from HGPE, it was sandwiched between two silver 
electrodes as blocking electrodes. To calculate the conduc-
tivity ( � ) and dielectric parameters of HPGE, the following 
equations are used:

where σ conductivity, R resistance from fitting, and A and l 
are the area and the thickness of the membrane respectively:

(1)�(%) =
M −M0

M0

× 100

(2)� = l∕RA

(3)��=-Z’/�C(Z�2+Z��2)

(4)���=Z”/�C(Z�2+Z��2)

(5)tan � =
���

��

(6)� =
1

�
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concentration, which is more reliable with fore mentioned 
studies.

Conclusion

The porous PVDF/PEO/HNT polymer composite mem-
branes were successfully prepared by phase inversion tech-
nique. The porous nature of PVDF/PEO/HNT entraps the 
large amount of liquid electrolyte resulting in the formation 
of hybrid polymer gel electrolyte (HPGE). The amount of 
HNT in the polymer composite significantly enhances the 
ionic conductivity and dielectric properties. The tubular and 
surface charge of halloysite nanotube typically increases the 
number of charge carrier separation in HPGE by reducing 
resistive behavior of polymer chains. Thus, HPGE shows 
notable ionic conductivity of 4.34 × 10−3 S/cm for the 40 
wt.% of halloysite nanotube in the membrane at room tem-
perature. Likewise, it strengthens the polymer chain flex-
ibility and their segmental motion for the high mobility of 
lithium ions with low relaxation time to increase the elec-
trical conductivity. Hence, the present method gives a new 
insight to develop some other porous material for the effec-
tive transportation of electrical and ionic conductivity.
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parameters of prepared polymer/
ceramic composite electrolyte

S. No Sample code σdc (S cm−1) τ (s) D (cm−2 s−1) µ (cm−2 V−1 s−1) n (cm−3)

1 PE10 2.18 × 10−4 1.38 × 10−4 3.37 × 10−5 1.31 × 10−3 1.00 × 1018

2 PE20 3.42 × 10−4 1.04 × 10−5 3.51 × 10−5 1.36 × 10−3 1.58 × 1018

3 PE30 1.07 × 10−3 1.59 × 10−6 4.05 × 10−5 1.48 × 10−3 4.26 × 1018

4 PE40 4.34 × 10−3 1.81 × 10−7 4.30 × 10−5 1.75 × 10−3 1.62 × 1019

3785Ionics (2022) 28:3777–3786
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ABSTRACT: 

Popular phase by fast developments in machine visualisation, means of transportation classify the vehicle determines a significant 

probable to remodel intellectual conveyance schemes. Now the preceding combine of eras, analysis and manipulation of a digitized 

image, and recognize the pattern -based classify the vehicle edifices obligate remained recycled to improve the efficiency of 

computerised tax assemblage in highways then stream of transportation managing and controlling schemes. Deep learning enabled 

Vehicle viewpoint Classification - can classify vehicles viewpoint based on directions or position of the car. The situation is informal 

in the direction of usage a pre - proficient conv.NeuNEt to classify on vehicle metaphors than to physique one since scrape. The 

finest thing nearby pre-trained CNN is they are fine adjusted then solitary of the greatest prevalent CNNEts. This paper presents 

innovative unfathomable D-CNN designs for mechanized vehicle classification of viewpoints. Current works mainly map RGB 

images directly to corresponding a consider context information explicitly. The recommended vehicle NEts are intended to afford 

profligate and correct scrutiny of viewpoints by means of vehicle descriptions for the classification on description of vehicle errands. 

The designs of VehicleNEts are exploited in an initial tentative training on the Compcars, Stanford dataset and internet sources from 

vehicle images for vehicle viewpoint focusses structured in a method for three classes. Firstly, train and test the networks to different 

viewpoints and sizes of the vehicle images and the direction/position of the vehicle. Second, train and test the networks on 

classification with three different scenarios as Front, back and rear. The experimental results reveal the validity and effectiveness of 

the planned networks in vehicle viewpoint classification. The recommended representations also outpace the starting point 

DeePCNN Net designs whereas existence added well-organized. 

KEYWORDS : Deep CNN, VehicleNEts,  ConvolutionNEts, CompCars, Stanford Cars 

 

1. INTRODUCTION 

 By means of an exponential construction of vehicles all over the place in this world, vehicle arrangement frameworks can 

assume a critical part in the advancement of savvy transportation frameworks, i.e., computerized expressway cost assortment, insight 

into self-driving vehicles, and traffic stream control frameworks. In prior times, laser and circle acceptance sensors-based strategies 

have been suggested for the vehicle type grouping, information to separate the significant data in regards to vehicles. In any case, 

the accuracy and security of these techniques are fundamentally affected because of undesired weather patterns and impedance in 

the street asphalt.vis 

In sync with the progression in CV, handling of an image and example acknowledgement based vehicle characterization 

frameworks. Essentially, a vision-based arrangement framework is a two-venture system; handmade extraction techniques are used 

to acquire visual highlights from the info visual casings, AI classifiers are prepared on the extricated elements to perform 

characterization on bunch based information. Hand-made acmes are classified into (i) variable globalized and (ii) region of local 

elements to portray and address the picture information at the same time. These elements are consolidated in the preparation of 

customary AI classifiers to perform to classify the object, these strategies are prepared on the restricted carefully assembled 

highlights extricated from the datasets, while broad earlier information is expected to keep up with precise time climate. 

Freshly, DL-based extraction of features and methods of classify the vehicles require remained presented, which established 

improved usefulness and flexibility than the outdated classify system of the vehicle. CNN constructed classify on the vehicle require 

attained important exactness scheduled the comprehensive vehicle datasets owed to their erudite manner. However, the progress of 

the GPU has suggestively improved processing of an image competencies of the calculating machineries. Then the staple of detail 

is that Convolutional Neural Network established classify the vehicle entails lots of informations to endure accurateness besides 

confirm simplification. Undecided lately, to the finest of our familiarity, no general standard dataset is obtainable aimed at the 
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progress then valuation of classify the vehicle. Accordingly, obtainable datasets of classify the vehicles are moderately insignificant, 

founded taking place partial modules of the precise constituencies, i.e., CCars datasets and SFord cars dataset. Transportation system 

of these constituencies tin can accomplish important outcomes through these vehicle of datasets; conversely, their enactment is 

biased in the incidence of regional of other modules. In the direction of statement the beyond declared confines in classification of 

vehicle systems, must prepared the following supports. 

(i) CNN established indiscriminate classification architecture is presented to improve robustness of vehicle classify the system of a 

vehicle aimed at ITS in viewpoint of their vehicle.  

(ii) Dataset of a vehicle involving of 12,450 of a vehicle Images constructed on three classes (i.e., Front, Back and Rear side). The 

aforementioned is essential to reference that their three classes are exceptional trendy direction and viewpoint, which are not 

surrounded in the extant means of transportation of their datasets. 

 (iii) To conclude, a broad learning needs remained passed obtainable amid the planned viewpoint of a vehicle classification 

methods to found the effectiveness of the scheduled arrangement of a network. Figure. 1. Illustrates whole process of projected 

system configured. 

The recreation of paper is coordinated as follows. In Section 2, profound learning highlights extraction and vehicle perspective order 

techniques are examined momentarily. In Section 3, network design alongside the pre-handling and dataset assortment has been 

explained. The outcomes are completed in Section 4. At preceding, the article is padlocked in Section 5. 

 

Figure 1.Workflow of DeepVehicleNEts System 

 

2. RELATED WORK 

Vision-based vehicle grouping is viewed as a significant component in the discernment module of self-driving vehicles. In the 

current examination work [5], vision-based vehicle order is arranged into two significant classifications: (I) hand-tailored highlights 

based and (ii) profound elements based systems. In the early time of PC vision, high-quality highlights in light of vehicle grouping 

strategies have been projected for canny transportation frameworks. In such a manner, Ng et al. [11] have suggested HOG-SVM 

based high-quality elements technique to prepare an SVM classifier utilizing HOG highlights with Gaussian part work. The planned 

classifier has been assessed on a 2800-picture dataset of reconnaissance recordings, which arranged the cruiser, vehicle, and Lorries 

with 92.3% exactness. In another examination work, Chen et al. [12] have introduced a grouping strategy that separates the surface 

and HOG elements and orders the vehicles utilizing a fluffy motivated SVM classifier. The introduced classifier has been assessed 

on the dataset, containing 2000 pictures in which the anticipated frameworks grouped the vehicles, vans, and transports with 92.6% 

exactness. Matos et al. [8] have offered two-brain networks based joined strategy implanting the elements, i.e., stature, width, and 

jumping boundaries of the vehicles. Resultantly, the recommended classifier accomplished 69% on the dataset of 100 pictures. 

Besides, Cui et al. [9] have projected Scale Invariant Feature Transform (SIFT) descriptors and Bad of Words (BoW) based joined 

model for the extraction of the elements and used SVM to characterize the dataset comprising 340 pictures of vehicles, minibuses, 

and trucks. In the outcomes, it is shown that the anticipated classifier accomplished 90.2% exactness on the given dataset. Wen et 

Front  Back  Rear 

Image Pre processing  

 

Image resizing  
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Figure.8. DeepVehicleNEts system of F1-score 

The above Figure. 8 configure, the average F1-score value of the DeepVehicleNEts deep CNN method is 3.07%, 4.40%, 5.10%, 

7.17%, and 7.71% higher than the methods respectively such as Alexnet, VGG, GoogleNet, inception and Resnet respectively. Even 

though, the average F1-score of the Alexnet method is close to the DeepVehicleNEts deep CNN method, the DeepVehicleNEts 

deep CNN method attained 3.07% higher than the Alexnet. 

5. CONCLUSION  

Now this paper, offered a CNN founded on DeepVehicleNEts for categorising the images on vehicle datasets created on self-

constructed dataset keen on three classes of front, back, and rear. Then, recycled open-source datasets that contained 12450 images 

from internet sources, Stanford and Compcars respectively, separated the training set, in which there were 12450 images (4500 

front, 4800 back, 3150 normal). And then designated the amount of to separate  class nearly equivalent to per capita added in 

individual piece consequently that our network also learns viewpoint class characteristics, our training set included 2490 images, 

and the rest of the images were allocated for evaluating the network and tried to test our model on a large number of images so that 

our real achieved accuracy would be clear, achieved 95.60% of accuracy, 94.24% of precision, 93.75% of sensitivity, 96.52% of 

specificity, and 93.89% of F1-score for the viewpoint class,  We hope that our trained VehicleNEt model obtainable resolve be 

supportive for ITS. And similarly confidence that in the imminent, superior benchmark of datasets on vehicles beginning direction 

or position of the vehicle develop presented, also through consuming them, the accurateness VehicleDeepNEt upsurges promote. 

After beyond tentative outcomes, dismiss accomplish that the VehicleDeepNEt is actual to means of transportation on classifies the 

vehicle then stout near the vicissitudes their vehicle viewpoints. 
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