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ABSTRACT  

Automotive producers are giving a lot of  importance in-vehicle  sensors  and  their  pertinent    applications. The quantity of in-vehicle sensors 

is consistently expanding their demonstrated benefits in maintaining a strategic distance from mishaps, higher driving efficiencies, and universal 

detecting based administrations. These benefits arenot restricted to just the vehicle's driver, yet additionally to different vehicles’ occupants and 

outsiders. In this paper, we present Automobile as a Sensor (AaaS), an idea that shows how sensor-equiped vehicles can be viewed as an 

essential, versatile asset of tangible information and sensor-related applications/administrations. Moreover, we expand on some correspondence 

advancement that helps AaaS. Via consistently coordinating vehicles and detecting gadgets, sensors’ detecting and correspondence abilities can 

be utilized to accomplish keen and smart transportation frameworks.  We examine how sensor innovation can be incorporated with the 

transportation framework to accomplish a feasible Intelligent Transportation System (ITS) and how wellbeing, traffic light and infotainment 

applications can profit by various sensors frame in various components of an ITS. 
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Introduction 
 

Transportation  framework  has  gotten  a  major   base   for  

the  monetary  development  considering  all  things. 

Numerous urban communities  around the globe are 

confronting an uncontrolled development in rush hour 

gridlock volume, causing significant issues, for example, 

delays, gridlocks, higher fuel costs, increment of CO2 

discharges, mishaps, accidental emergencies and  the 

degradation of  personal  quality  time  in  present  day  

society.  As  indicated  by  a  report,  the  Texas  

Transportation  Institute,  in  the  United  States,  

suburbanites  spend  around  42  h  a  year  trapped  in  rush  

hour  gridlock,  drivers  squander  in  excess  of  3  billion  

gallons  of  fuel  for  every  year,  having  a  complete  cross  

country  sticker  price  of  $160  billion,  comparable  to  

$960  per  worker (1). Such  issues  will  compound  later  

on  as  a  result  of  populace  development  and  the  

expanding  movement  to  urban  territories  in  numerous  

nations  around  the  globe  as  revealed  by  the  United  

Nations  Population  Fund (State of world population 2011, 

2011)  and  the  Population  Reference  Bureau (htt2).  

Henceforth,  there  is  a  solid  need  to  improve  the  

security  and  proficiency  of  transportation. 

The  advances  of  the  car  business  are  profoundly  

subject  to  the  conveyed  in-vehicle  sensors,  which  are  as  

of  now  viewed  as  fundamental  parts  of  any  vehicle  

paying  little  heed  to  its  group.  Sensors  improve  a  

vehicle's  perfor-mance,  screen  its  activity  and  the  status  

of  its  parts,  and  upgrade  the  driving  experience.  As  the  

interest  for  more  car  progresses  is  expanding,  the  

quantity  of  sensors  in  a  vehicle  is  quickly  expanding  

too.  As  per  the  car  sensors  market  development  in  

North  America,  the  normal  number  of  sensors  per  

vehicle  has  arrived  at  70  out  of  2013 (1). Presently,  

some  extravagance  vehicles  have  a  normal  of  100  

sensors  for  supporting  its  activity  and  improving  its  in-

vehicle  administrations.   

 In  this  paper,  we  target  explaining  the  importance  of  

in-vehicle  sensors,  the  administrations  they  can  present,  

and  the  frameworks/applications  by  presenting  the  idea  

of  Automobile  as  a  Sensor  (AaaS). 

 

Literature  Review 
 

Advances  in  Information  and  Communication  

Technologies  (ICT)  in  zones,  for  example,  equipment,  

programming,  and  interchanges  have  opened  doors  for  

building  up  a  practical,  astute  transportation  framework.  

The  combination  of  ICT  with  the  transportation  

framework  will  empower  a  superior,  more  secure  

venturing,  understanding  and  relocation  to  Intelligent  

Transportation  Systems  (ITS)  which  will  surround  four  

basic  standards:  supportability,  coordination,  wellbeing,  

and  responsiveness.  These  principles  will  play  a  

fundamental  role  in  achieving  the  main  objectives  of  

the  Intelligent  Transportation  Systems  which  include  

access  and  mobility,  environmental  sustainability,  and  

economic  development   (J. A. Ibáñez, 2015). 

The  accomplishment  of  ITS  to  a  great  extent  relies  

upon  the  stage  used  to  access,  gather,  and  cycle  precise  

information  from  the  earth.  Detecting  stages  are  

comprehensively  arranged  into  two  classifications.  The  

primary  classification  is  the  intra-vehicular  detecting  

stage  which  gathers  information  about  a  vehicle's  

conditions.  The  subsequent  classification,  urban  

detecting  stages,  is  utilized  to  gather  data  about  traffic  

conditions.  Sensor  innovation  is  an  imperative  segment  

utilized  for  information  assortment  during  Vehicle-to-

Vehicle  (V2V)  and  Vehicle  to  Infrastructure  (V2I)  

correspondences.  This  information  is  then  given  to  

transportation  executives  to  prepare,  examine  and  

analyse  choices/activities.  Smart  and  intelligent  ITS  

promise  to  address  issues  such  as  high  fuel  prices,  high  

levels  of  CO2  emissions,  high  levels  of  traffic  

congestions,  and  improved  roads (Contreras, Zeadally, & 



PSYCHOLOGY AND EDUCATION (2020) 57(9): 5083-5090      ISSN: 00333077 

 

5084 
www.psychologyandeducation.net 

 

Guerrero-Ibanez, 2017) (Guerrero-Ibáñez, Zeadally, & 

Contreras-Castillo, 2018)  . 

    The fundamental commitments  of  this  work  are  five-

overlay: 

  Initially,  we  introduce  the  new  in-vehicle  sensors  

categorization  along  with  a  discussion  of  some  sensors  

and  their  applications.     

Second  area  presents  the  idea  of  AaaS  (Automobile  as  

a  sensor)  with  some  possible  applications  and  existing  

stages  that  embrace  it.  In  Section  3,  we  address  some  

correspondence  innovations  that  help  AaaS,  also  we  

touch  upon  some  communication  technologies  that  

support  AaaS.  At  last,  Section  5  closes  the  paper. 

 

Sensor Technology 

 

 Over  the  last  decade,  sensor  technology  has  become  

ubiquitous  and  has  attracted  a  lot  of  attention.  Sensors  

have  been  useful  in  many  areas  such  as  healthcare   

(zhang, sun, song, & cao, 2014) (Alaiad & Zhou),  

agriculture (Bapat, Kale, Shinde, & Deshpande) (Ojha, 

Misra, & N)  and  forest (Khamukhin & Bertoldo) 

(Bolourchi & Uysal, 2013),  vehicle  and  marine (Guerrero, 

et al.) (Pérez, Valles, & Sánchez, 2017)monitoring.  In  

transportation,  sensor  technology  supports  the  design  

and  development  of  a  wide  range  of  applications  for  

traffic  control,  safety,  and  entertainment.  In  recent  

years,  sensors,  and  actuators  such  as  tire  pressure  

sensor  and  rear-view  visibility  systems  have  become  

mandatory  (due  to  federal  regulation  in  the  United  

States    in  the  manufacturing  of) (USA Today)vehicles  

and  the  implementation  of  intelligent  transportation  

systems,  aimed  at  providing  services  to  increase  drivers’  

and  passengers’  satisfaction,  improve  road  safety  and  

reduce  traffic  congestion.  Other  sensors  are  optionally  

installed  by  manufacturers  to  monitor  the  performance  

and  status  of  the  vehicle,  provide  higher  efficiency  and  

assistance  for  drivers. Currently,  the  average  number  of  

sensors  in  a  vehicle  is  around  60–100,  but  as  vehicles  

become  “smarter”,  the  number  of  sensors  might  reach  

as  many  as  200  sensors  per  vehicle   (Automotive Sensor 

and electronic expo). 

In (Fleming, 2008),  the  author  presents  a  classification  

of  three  categories  of  sensors  based  on  the  place  of  

deployment  in  the  vehicle:  powertrain,  chassis,  and  

body.  Another  work  classifies  sensors  in  a  vehicle  

based  on  the  type  of  application  the  sensor  is  intended  

to  support,  and  four  categories  of  sensors  are  identified:  

sensors  for  safety,  sensors  for  diagnostics,  sensors  for  

convenience  and  sensors  for  environment  monitoring (G, 

2014).   

 

In-Vehicle Sensors 

 

In  ITS,  figuring  out  the  form  of  sensors  to  develop  

programs  that  make  contributions  to  cope  with  troubles  

along  with:  (1)  visitors  congestion  and  parking  

problems,  (2)  longer  commuting  instances,  (3)  higher  

CO2  emissions,  and  (4)  growth  in  avenue  accidents,  

amongst  others  are  of  vital  significance  for  enhancing  a  

automobile’s  performance. 

 

Sensors for Safety 

 

With  the  growing  wide  variety  of  riding  injuries  and  

fatalities,  automobile  sensors  were  brought  to  the  car  to  

form  the  idea  of  many  safety-improving  structures.  

These  protection  sensors  can  be  similarly  labeled  into  

many  types  as  follows. 

 

Distance  Sensors 

 

Distance  sensors (G, 2014)  are  used  for  tracking  the  

surroundings  of a  car  to  come  across  limitations,  

hazards,  children,  pets  or  maybe  other  automobiles  for  

the  sake  of  avoiding  crashes/collisions.  There are  two  

important  categories  of  distance  sensors  as  discussed: 

 

Long Range Distance Sensors: 

 

These sensors look forward with monitoring ranges between  

30-120  m   (Fleming, 2008) (J, 2009).  This category includes: 

• Radar sensors - operating in the 78 GHz band. 

• Laser Scanners - known as LIDARs (for  Light  

Radars). 

LIDARS    are  less  expensive compared to radar sensors.  

However,  they  do  not perform  well  in  severe weather  

conditions;  for  example,  they  do  not  penetrate  fog,  

heavy  rain,  or  snow. 

 

Short Range  Distance  Sensors: 

 

1. Radar  sensors  -  operating  in  the  25  GHz  and  80  

GHz  bands. 

2. Camera  vision  -  which  can  be  deployed  for  two  

different  purposes;  either  to  provide  a  view  of  the  

vehicle’s  surroundings  or,  for  view  analysis  when  no  

scenes  are  displayed,  but  warnings  or  messages  can  be  

displayed  for  the  driver  instead  based  on  data  extracted  

through  analysis.  A  typical  example  is  the  use  of  a  

charge  coupled  device  (CDD)  camera  that  generates  

two-dimensional  images  in  a  form  that  can  be  easily  

stored,  processed,  displayed,  and  searched  for  objects   (J, 

2009). 

3. Ultrasonic  sensors  -  low  cost  sensors  which  have  

an  average  detection  range  of  2.5  meters. 

4. Capacitive  proximity  sensors  -  used  to  detect  the  

proximity  of  objects  without  direct  contact  to  them.  

Capacitive  sensors  can  accurately  measure  distances  up  

to  3  meters   (J, 2009). 

This  category  supports  many  systems  which  are  

considered  as  the  core  of  ITS  safety  applications.  

Examples  include  the  Blind  Spot  Detection,  Lane  

Change  Support,  Lane  Departure  Warning,  Lane  

keeping  Assistance,  Forward  Colli-sion  Warning,  

Backup  Crash  Warning,  Parking  Assist  and  Stop-and-Go  

systems   (Bishop, 2005). 

 

Night Vision Sensors 

 

Night  vision  sensors  are  used  for  assisting  drivers’  

perception  by  viewing  scenes  of  the  road  and  roadside  

ahead,  beyond  the  illumination  range  of  the  vehicle’s  

headlights. They can  be  either  active  or  passive  systems. 
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Active  night  vision  systems  use  near-infrared  systems  

which  depend  on  the  use  of  non-visible  infrared  light  

sources  directed  to  the  road  ahead  and  a  camera  to  

capture  the  reflected  radiations.  Passive  night  vision  

sensors  use  far-infrared  systems  which  do  not  require  

use  of  light  sources;  instead,  they  depend  on  capturing  

the  existing  thermal  radiations  emitted  by  objects  using  

thermographic  cameras   (Jones, 2006). 

 

Speed Sensors 

 

Speed  sensors  are  taken  into  consideration  as  few  of  

the  most  enormous  in-automobile  sensors.  They  have  

been  established  on  motors  for  long  time  to  support  the  

operations  of  essential  systems  consisting  of  the  

Antilock  Brake  gadget  for  controlling  the  automobile  in  

cases  of  sudden  stops,  and  the  Traction  Control  

machine  for  stopping  the  control  of  the  automobile  in  

cases  of  a  wheel  spin. 

 

Angular Rate/  Linear Acceleration Inertial Sensors 

 

Utilizing  the  wheel  speed  sensors  along  with  angular  

rate  inertial  sensors  and  the  guidance-wheel  angle  

sensor;  the  Electronic  Stability  Control  (ESC)  device  

works  on  keeping  a  vehicle’s  balance  in  cases  of  a  

surprising  flip  of  the  steerage  wheel,  taking  a  flip  with  

high  speed,  or  a  side  skid  on  slippery  roads. 

When  a  coincidence  or  a  crash  is  inevitable,  the  

acceleration  sensors  (accelerometers)  play  a  vital  

position  in  detecting  the  undesirable  situation  and  

triggering  the  passive  safety  gadget  to  lessen  the  harm  

and  injuries.  These  crash  detectors  are  the  activators  for  

passive  safety  systems  along  with  airbag  inflation  and  

motorized  seat  belt  pre-tensioners. 

 

Passive Safety-Support  Sensors 

 

Although  the  passive  protection  structures  were  

introduced  numerous  years  ago,  they  might  have  never  

been  improved  to  boom  the  protection  level  of  

passengers.  For  instance,  the  airbag  inflation  gadget  is  

more  advantageous  by  way  of  adding  seated  weight  

sensors  as  a  way  for  occupant  type  to  distinguish  a  

toddler  from  a  person.  The  airbag  inflation  degree  

could  be  adjusted  to  provide  softer  triggering  for  

children;  consequently,  avoid  injuries  because  of  sturdy  

inflation  of  the  airbag. 

In  addition  to  depending  on  weight  sensors  for  

adjusting  airbag  inflation,  seat  position  sensors  can  also  

be  used.  A  passenger’s  seat  placed  some  distance  

forward  indicates  that  the  person  might  be  in  very  

close  proximity  to  the  airbag;  consequently,  sturdy  

inflation  may  cause  intense  injuries.  These  function  

sensors  may  be  used  to  locate  the  position  of  the  

passenger’s  seat  and  alter  the  airbag  inflation  for  this  

reason. 

 

Positioning/Navigation Systems 

 

The  Global  Positioning  System  (GPS)  may  be  

considered  an  example  of  a  supply  for  records.  It  is  a  

satellite-based  navigation  system  that  provides  position  

and  time  data  as  long  as  there  is  an  unobstructed  line 

of sight  with  GPS  satellites.  GPS here is stated  as  a  

source  of  measured  information and not the sensing 

element. 

In  addition  to  its  navigational  offerings,  GPS  readings  

can  be  utilized  by  different  structures  in  an  automobile  

to  aid  their  operations.  For  example,  the  Navigation-

Brake  Assist  machine  cooperates  with  the  navigation  

system  to  prevent  signal  places  and  assists  in  making  

use  of  brakes  on  time. 

 

Sensors  for  Diagnostics 

 

This  category  of  in-vehicle  sensors  is  used  for  

supplying  on-board  diagnostic  services  for  drivers  for  

detecting  additives  malfunction  and  heading  off  any  

similar  harm  that  could  lead  to  a  breakdown.  In  

addition  to  showing  signals  for  drivers,  the  on-board  

prognosis  system  continues  to  use  them  inside  the  next  

Diagnosis  Service  check  to  save  time  locating  out  the  

problems.  The  diagnosis  system  can  encompass  a  

reporting  capability  for  far  flung  prognosis. 

Most  of  the  in-vehicle  diagnostic  sensors  are  deployed  

inside  the  powertrain  region  for  tracking  the  fame  and  

functioning  of  the  automobiles’  mechanical  elements  

and  engine.  Some  of  them  can  be  used  for  diagnosing  

the  chassis  of  the  car. 

 

Sensors  for  Powertrain  Diagnostics 

 

A  function  sensor  used  for  tracking  the  gasoline  level  

is  an  instance  of  this  category  of  diagnostic  sensors. 

Temperature sensors  may  be  used  for  the  sake  of  

diagnosting the in-cabin temperature.  They  can  be  used  

for  tracking  the  temperature  of  fluids  and  air  for  

dealing  with  over-temperature  conditions  both  by  

electronics  shutdown  or  triggering  a  coolant/conditioning  

system. 

Gas  composition  sensors  can  be  used  for  tracking  

engine  combustion  and  exhaust  to  ensure  that  vehicle-

generated  pollutants  are  as  low  as  viable.  The observed 

data  is  given  to  the  engine  management  device  to  alter  

its  performance  if  feasible.  Also,  the  driver  could  be  

informed  that  a  restore  is  needed. 

 

Sensors for Chassis Diagnostics 

 

An  example  of  this  category  of  sensors  is  the  speed  

sensor  used  for  monitoring  the  wheel  speed.  Such  

speed  measure-ments  can  be  used  as  inputs  for  

monitoring  the  operation  of  the  antilock  brake  and  

traction  control  systems. 

Another  example  is  the  pressure  sensor  used  for  

monitoring  tire  pressure.  In  2007,  the  U.S.  government  

obliged  that  each  new  car  should  have  a  Tire  Pressure  

Monitoring  System  (TPMS)  comprised  of  a  pressure  

sensor  mounted  on  each  wheel.  This  regulation  was  

issued  as  a  safety  standard  and  was  driven  by  the  non-

negligible  number  of  tire-caused  vehicle  fatalities   (Fleming, 

2008). 
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In  addition  to  monitoring  tire  pressure,  its  temperature  

can  be  monitored  too  by  a  temperature  sensor  to  avoid  

tire  blowouts   (J, 2009). 

 

Sensors for Body Diagnostics 

 

Sensors  may  be  used  in  the  vehicle’s  compartment  (in-

cabin  sensors)  for  diagnosing  the  compartment’s  

electronics  and  ambience. 

An  example  is  the  sensor  used  for  detecting  the  airbags  

flaw  to   keep  away  from  any  troubles  with  its  

operation,  which  may  additionally  cause  fatalities. 

 

Sensors for Convenience 

 

For  helping  and  convenience  packages  for  drivers  and  

passengers,  a  number  of  sensors  of  different  types  are  

hooked  up  inside  the  automobile.  Most  of  those  sensors  

are  deployed  within  the  car  compartment  to  provide  

direct  comfort  for  its  occupants,  while  others  are  

deployed  for  help  in  riding  and  efficiency  of  drivers. 

 

In-Cabin Convenience Sensors 

 

A  gasoline  composition  sensor  can  be  used  for  

checking  in-cabin  air  quality.  This  sensor   display  units 

of  the  air  intake  of  the  HVAC  device  for  detecting  

undesirable  gases  and  adjusting  the  device  as  a  result  

with  the  aid  of  shutting  off  the  inlet  and  rereleasing  in-

cabin  air  returned  to  the  outside (Fleming, 2008). 

 

Driving Convenience Sensors 

 

A  position  sensor  is  used  for  measuring  the  angular  

feature  of  the  guidance  wheel.  The  feedback  of  this  

sensor  may  be  used  as  an  entry  to  driving  comfort  

systems  like  the  Parking  Assist  and  Steerable  

Headlights  systems. 

A  torque  sensor  is  used  to  measure  the torque  and  offer  

result  to  the  Electric  Power  Steering  (EPS)  system.  EPS  

help   drivers  by  means  of  manner  of  using  an  electric  

motor  that  reduces  riding  effort  and  affords  guidance  

assist. 

In  computerized  dimming  mirrors,  image  sensors  are  

installed  on  the  rear-view  to  find  out  mild  replicate  

from  drawing  near  cars.  When  glare  is  detected,  the  

replicate  is  automatically  dimmed  to  a  stage  suitable  

for  glare  removal.  Rain  sensors  may  be  used  to  find  

out  rain,  cause  windshield  wipers,  and  adjust  wipers’  

speed  regular  with  the  quantity  of  rainfall.  Fogging  

prevention  sensors  are  used  to  prevent  fogging  of  the  

windshield  glass.  It  consists  of  three  sensing  factors  for  

sensing  in-cabin  temperature,  windshield  glass  

temperature,  and  cabin  humidity.  The  fogging  sensor  

remark  is  used  for  adjusting  the  HVAC  tool  to  

preserve  the  interior  temperature  higher  than  the  

windshield  glass  temperature;  ultimately,  save  you  from  

windshield  fogging. 

Distance  sensors  can  aid  many  packages  which  might  

be  considered  for  each  protection  and  convenience.  One  

of  these  programs  is  the  forestall-and-move  device.  In  

addition  to  keeping  a  safe  distance  between  a  vehicle  

and  the  only  beforehand  to  keep  away  from  crashes,  

the  prevent-and-move  gadget  gives  convenience  for  

drivers  by  using  automating  riding  and  controlling  the  

car  in  traffic  jams  and  dense  environments.  ACC  is  any  

other  example  of  these  programs.  By  automating  

braking  and  accelerating,  ACC  reduces  fatigue  and  

pressure  imposed  on  drivers  specifically  with  lengthy  

drives. (Abdelhamid, S.Hassanein, & GlenTakahara) 

 

Sensors for Environment Monitoring 

  

This  magnificence  of  in-vehicle  sensors  is  liable  for  

tracking  the  encompassing  surroundings  and  its  

conditions.  Its  components  offers  ITS  in  the  form  of  

signals/warnings,  hazards  on  roads  or  suggests  statistics  

about  traffic,  avenue  and  weather  situations.  These  

offerings  may  be  for  the  advantage  of  drivers  with  the  

detected  statistics  displayed  on  the  on-board  unit  (OBU)  

or,  if  feasible,  it  is  able  to  be  advised  to  0.33  events. 

Some  of  these  sensors  are  deployed  especially  for  the  

sake  of  tracking surroundings  and  others  are  deployed  

for  distinct  applications  but  their  statistics  may  be  

carried  out  to  mirror  a  few  environmental  situations. 

For  example,  a  pressure  sensor  can  be  mounted  for  

measuring  the  ambient  barometric  strain  and  record  the  

ones  facts  to  weather  facilities.  Readings  of  temperature  

sensors  that  can  be  already  deployed  for  the  sake  of  

solving  the  HVAC  system  may  be  applied  and  stated  

to  climate  centers  for  actual-time  climate  opinions. 

Another example  is  using  distance  sensors  to  encounter  

traffic  situations.  A  vehicle  can  stumble  upon  the  space  

to  its  preceding  car  which  can  be  a  hallmark  of  the  

traffic  congestion  stage  at  that  road. 

In-car  cameras  may  be  carried  out  for  capturing  road  

pictures  that  can  be  useful  for  masses  of  

detection/monitoring  programs. 

 

Automobile  As  A  Sensor  (Aaas)  -  Concept,  

Applications  And  Platforms 

 

Urban/public  sensing  is  presently  gaining  more  interest  

with  benefits  it  represents  in  worldwide  facts  sharing  

and  get  admission  to.  For  some  years,  the  focal  point  

in  public  sensing  was  using  sensors  we  had  in  mobile  

telephones  and  handheld  devices  for  sensing  the  

environment  and  using  the  communique  interfaces  in  

these  gadgets  for  sharing  facts  of  interest  with  others,  

which  has  opened  doorways  to  many  new  application  

domain  names. 

With  the  growing  variety  of  sensors  in  an  car  and  the  

inclusion  of  conversation  interfaces  that  supported  

automobile-to-vehicle  (V2V)  and  automobile-to-

infrastructure  (V2I)  communique,  vehicles  have  become  

beneficial  resource  globally.  Vehicles  used  as  a  aid  of  

sensors  have  more  blessings  than  the  opposite  cell  

gadgets  that  have  been  utilized  for  the  sake  of  town  

sensing: 

1)  Automobiles  don't  have  any  constraints  with  their  

power  supply  which  has  been  considered  a  primary  

impediment  for  the  huge  use  of  mobile  gadgets  2)  

Motors  can  be  geared  up  without  problems  with  

effective  processing  abilities  which  widen  the  scope  of  
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supported  programs.  3)  Sufficient  statistics  storage  

gadgets  may  be  hooked  up  on  automobiles,  in  contrast  

to  the  restricted  facts  in  mobile  gadgets (Lee & Gerla, A 

survey of urban vehicular sensing platforms, 2010).  All  

these  functions  can  denote  the  usage  of  a  car  as  a  

cellular  sensor  and  formulate  the  idea  of  AaaS. 

Many  packages  and  structures  are  being  proposed  to  

utilize  the  benefits  of  vehicles  as  statistics  belongings.  

In  those  programs,  motors  are  used  to  experience/screen  

the  encircling  environment,  generate  statistics,  and  shop  

them  for  addition  to  relaying-  either  without  processing  

or  after  processing  to  look  for  positive  statistics  of  

interest.  Sensed  data,  or  processed  sensed  data,  may  be  

cited  to  0.34  occasions  through  the  Internet  or  

automobile-to-any  (V2X)  communications.  These  1/4  

activities  may  be  fact  servers  for  records  centers  that  

could  post/offer  the  information  for  public  or  industrial  

services,  or  they  can  be  to  other  mobile  

customers/drivers. 

Some  of  these  offerings  can  be  supplied  by  avenue/toll  

road  sensors,  however  measuring  them  by  the  use  of  

vehicles  is  greater  benefit.  Instead  of  dropping  money  

and  time  deploying  on  such  specifically-hooked  up  

sensors,  in-automobile  sensors  can  offer  the  equal  

offerings  without  plenty  deployment  or  preservation  

rate,  saving  time  of  deployment,  and  offering  a  

outstanding  stage  of  comfort  for  interested  information  

retrievers.  In  addition,  use  of  OEM  installed  in-vehicle  

sensors  has    similar  benefit  on  their  avenue/toll  road  

compared  to  other  sensors  that  is  supported  by  the  

mobility  of  cars  which  can  cowl  extra  areas  of  interest  

as  compared  to  constant  sensors.  Therefore,  even  

though  the  creditors  pay  for  vehicles’  owners  to  utilize  

their  cars’  sensors,  the  form  of  cooperating  cars  may  

be  restricted  and  motors  can  be  efficiently  selected  to  

cowl  area  totally  based  on  their  headings. 

Examples  of  a  few  capacity  programs  of  the  usage  of  

an  automobile  as  an  aid  of  sensing  are  the  

aforementioned  surroundings  monitoring  packages  like  

weather  reputation,  street  photographs,  and  avenue  and  

traffic  situations  can  be  detected  by  using  in-automobile  

sensors  and  then  facts  may  be  relayed  to  third  parties.  

These  sensed  records  can  be  processed  domestically  by  

way  of  each  car  (dispensed  processing)  or  on  the  

gathering  middle  (crucial  processing),  then,  they  may  be  

posted  by  way  of  radio,  net-primarily  based  programs,  

avenue/highway  displays,  or  micro-blog. 

Fig.  1  depicts  the  concept  of  AaaS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.  The  concept  of  AaaS.  The  sensory  facts  obtained  

from  in-vehicle  sensors  may  be  of  gain  to  the  

automobile’s  driving  force,  other  cars  on  avenue,  or  to  

a  3rd  celebration  (e.g.  a  statistics  center). 

An  example  of  proposed  urban  vehicular  sensing  

platforms  is  the  MobEyes  platform   (Lee, Magistretti, & Gerla, 

Dissemination and Harvesting of Urban Data Using Vehicular Sensing Platforms, 2009)  

MobEyes   make  use  of  vehicles  for  city  sensing  

through  tracking  their  surroundings,  recognizing  objects,  

storing  statistics  and  advertising  their  information  via  

generating  consultant  meta  data  and  periodically  sharing  

them  with  motors  in  their  vicinity.  If  different  vehicles  

are  interested  in  the  marketed  facts,  they  could  ship  

queries  to  the  records-protecting  vehicles  to  get  their  

saved  facts.  An  example  of  the  use  of  MobEyes  is  

having  cars  recognize  others’  license  plate  numbers,  

storing  them,  and  broadcasting  representing  meta-facts.  

Other  mobile  agents  (e.G.,  police  patrol  motors)  can  

harvest  the  sensed  facts  through  sending  queries  to  

retrieve  the  recognized  numbers  for  the  sake  of,  as  an  

instance,  finding  stolen  automobiles. 

Unlike  the  above stated  platform  that  relies  upon  on  

V2V  verbal  exchange  for  its  operations,  CarTel (Hull, 

Bychkovsky, Zhang, & Chen, 2006)  is  Internet based.  In  

CarTel,  cars  acquire  sensor  statistics,  method  it  

regionally,  and  ship  it  to  database  servers  via  the  

Internet  for  similar  evaluation  and  publishing.  CarTel  is  

taken  into  consideration  as  a  delay-tolerant  platform  as  

it  depends  on  opportunistic  connectivity  for  sending  

facts/data. 

Similar  to  CarTel  as  handing  over  the  information  

through  the  Internet  and  depending  on  connectivity,  the  

Pothole  Patrol  (P2)   (Eriksson, Girod, & Balakrishnan, 

2008)gadget  objectives  at  monitoring  street  surfaces  to  

discover  potholes.  It  includes  3-axis  acceleration  sensors  

and  GPS  devices  to  evaluate  vibrations  due  to  potholes  

and  file  the  precise  places  of  these  potholes.  P2  is  one  

of  the  earliest  structures  focused  on  road  circumstance  

tracking  and  with  the  various  benefits  those  systems  

have,  many  different  platforms  are  proposed  for  this  

regard.  CarMote (Mednis, Elsts, & Selavo, 2012, pp. 1-5)  

is  the  latest  example  that  helps  in  expansion  of  

techniques  to  extract  avenue  features 

 

Supporting Communication Technologies 

 

Intra-Vehicle  Communication  Technologies 

 

To  provide  its  functions  as  a  useful  resource  of  

sensing,  a  car  needs  to  have  the  sensed  statistics  

generated  through  its  in-automobile  sensors  handy  and  

utilized  by  the  aforementioned  systems/programs,  the  

on-board  unit,  and  the  inter-vehicle  conversation  

interfaces. 

Each  of  the  in-automobile  structures  is  carried  out  as  

an  embedded  gadget  with  a  controller  and  a  number  of  

sensors  and  actuators  that  help  the  desired  operation  of  

the  system.  This controller is known  as  the  Electronic  

Control  Unit  (ECU).  Each ECU includes  a  processor,  

memory,  and  communication  interfaces.  An  ECU  is  

considered  a  closed-loop  machine  that  manages  statistics  

retrieved  through  sensors,  techniques  and  analyzes  this  
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information,  outputs  signals  based  totally  on  selections  

to  be  taken,  and  activates  actuators  to  adjust  the  

operation  of  the  corresponding  automotive  device. 

For  the  intra-car  conversation,  a  vehicle  adopts  four  

automotive  communique  protocols;  the  Local  Inter-join  

Network  (LIN),  Controller  Area  Network  (CAN),  Media  

Oriented  Systems  Transport  (MOST),  and  the  maximum  

recent  FlexRay. (G, 2014) 

 

Local Interconnect Network  (LIN) 

 

The  LIN  bus  standard  was  introduced  in  1999  by  the  

LIN-consortium.  LIN  is  a  slow  serial  bus  system  that  

is  used  to  integrate  sensors  and  actuators  and  connect  

them  to  ECUs  in  automotive  systems.  It supports  speeds  

up  to  20  Kbps   (Introduction to the Local Interconnect Network (LIN) Bus, 

2019). 

LIN is  considered  a  gateway  to  a  CAN  bus.  Each  

vehicle  may  have  many  LIN  buses  that  support  the  

different  automotive  systems.  These  LIN  buses  are  

independent  with  no  direct  interconnection  among  them   

(huang & YS, 2010). 

 

Controller Area Network (CAN) 

 

In  1983,  Bosch  started  working  on  the  development  of  

the  CAN  standard  that  was  officially  released  in  1986   

(CAN history).  The  goal  for  developing  CAN  was  to have  a  

robust  serial  bus  for  connecting  devices  in  real-time  

control  systems (huang & YS, 2010).  Later,  CAN  was  

widely  deployed  to  support  the  implementation  of  the  

in-vehicle  automotive  systems. 

 

FlexRay 

 

As  the  number  of  automotive  systems  in  a  vehicle  is  

growing,  the  number  of  supporting  ECUs  is  increasing  

too.  The  CAN  communication  capabilities  and  the  1  

Mbps  bit  rate  are  not  getting  adequate  supporting  

communications  of  such  growing  number  of  ECUs.  

Hence,  there  was  a  need  for  a  more  advanced  

communication  solution  to  support  and  enable  the  

implementation  of  highly  demanding  automotive  systems   

(Guo, 2009). 

FlexRay   (Flex Ray)  has  been  developed  by  the  FlexRay  

Consortium,  a  cooperation  of  leading  companies  in  the  

automotive  industry,  to  be  a  high-speed  serial  bus  that  

provides  fault-tolerance  and  adequate   rates  for  the  

advanced  automotive  systems  such  as  X by Wire  

systems (G, 2014).  It  supports  data  rates  up  to  11  

Mbps.  FlexRay  has  been  designed  not  to  replace  the  

old  communication  buses,  but  to  work  in  conjunction  

with  them   (huang & YS, 2010). 

 

Media Oriented Systems Transport (MOST) 

 

With  the  demand surge  for  in-vehicle  infotainment,  there  

was  a  need  for  a  higher  speed  technology  to  support  

such  real-time  systems.  MOST   (MOST Cooperation)were  

initiated  in  1998  with  expected  speeds  of  150  Mbps  

that  was  achieved  by  the  MOST150  version  in  2007.  

The  first  version  was  MOST25  which  had  a  maximum  

data  rate  of  25  Mbps.  MOST  is  considered  the  key  

enabler  for  multimedia  and  infotainment  systems. 

Unlike  other  communication  technologies,  MOST  uses  

plastic  optical  fibers  to  provide  the  higher  speeds  which 

comes   with  higher  costs. 

 

Inter-Vehicle Communication Technologies 

 

Many  wi-fi  verbal  exchange  technologies  can  be  

followed  for  getting  the  information  out  of  the  car  and  

deliver  it  to  other  motors.  Examples  consist  of  the  

advanced  Wireless  Access  for  Vehicular  Environment  

(WAVE)  that’s  primarily  based  on  the  IEEE  802.11p  

preferred  and  the  Dedicated  Short  Range  

Communication  (DSRC).  Another  communication  facility  

this  is  taken  into  consideration  as  a  bridge  for  

connectivity  in  automobiles  is  the  CALM  technology  

which  stands  for  Communication  Access  for  Land  

Mobiles.  CALM  will  support  having  a  verbal  exchange  

unit  that  offers  air  interfaces  that  encompass  2G/3G  

mobile  technologies,  Infrared,  Millimeter-wave,  Mobile  

wireless  broadband,  Satellite,  and  DSRC. 

 

Conclusions 

 
In  this  paper,  we  delivered  Automobile  as  a  Sensor  

(AaaS)  with  the  objective  of  presenting  a  

comprehensive  view  of  how  a  car  may  be  considered  a  

huge  useful  resource  of  sensing  statistics.  A  car  as  a  

moving  sensor  may  be  a  major  key  enabler  of  city  

sensing  with  exquisite  benefits.  We  showed  that  

services  provided  with  the  aid  of  sensor-equipped  

motors  can  be  of  gain  and  no  longer  handiest  to  their  

drivers/occupants  however  also  to  other  cars  on  the  

street  and  third  parties.  Besides,  we  offered  a  new  

categorization  of  in-automobile  sensors  that  categorizes  

them  based  on  their  application  domains  along  with  a  

few  representative  sensors  and  their  relative  ITS  

applications.  In  addition,  we  elaborated  on  some  

communique  technologies  that  aid  AaaS. 
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