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Importance of vehicle pollution monitoring :

In the present world the automotive power has come up
as the biggest boon to reduce down the distances and
bring people closer but has also brought a very bigbring people closer, but has also brought a very big
problem of air and sound pollution.
AVL is working hard to curb this menace by offering thisg y g
world the equipment to monitor the emissions and help to
bring down the same.
Th i f hi l ll i i i i iThe importance of vehicle pollution monitoring is to give
good health to our engines which in turn gives cleaner
world to mankindworld to mankind.
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Some shocking Facts !

World Health Organisation estimates of mortality indicate
that on a yearly basis about 800,000 people die

t l b f t b td iprematurely because of exposure to urban outdoor air
pollution. Of these about 5,00,000 are believed to be in
ASIAASIA

Air pollution in addition to health impacts , also leads to
substantial financial and economical costs to households,
industry and government in ASIA
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Why this problem ?  

Air pollution in Asian cities comes from different sources such as mobile
sources like buses, trucks, cars or two wheelers, stationary sources or
industries, etc.dust es, etc

According to EPA( environmental protection agency) , driving a car is single
most polluting thing that most of us do.p g g

Mobile sources are expected to continue to be the main source of pollution in
the future
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Factors influencing quality of 
ambient air  by automobiles:

Quality of

Ambient  Air

Emissions 

level

Health of engine Use of vehicle Fuel Quality

SAMEER BHATNAGAR – Bangkok - 2008



Type of vehicle to be tested

• Diesel Engines• Diesel Engines

• Petrol  engines
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Emission of Emission of 
Petrol VehiclesPetrol Vehicles
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Petrol engine  : Spark Ignition Engine (SI) 

These type of engines use volatile liquids or gases as fuelThese type of engines use volatile liquids or gases as fuel
Have carburetors ,gas mixing valves or fuel injection systems.
Gasoline is the fuel commonly used in these engines .
Th i t d ll h i ll tThe mixtures used generally are near chemically correct.

Advantages
Low first cost,
Low specific weight
Low cranking effortLow cranking effort
Wide variation attainable in terms of speed and load
High mechanical efficiency

Disadvantages
Emission like Carbon Monoxide (CO), Carbon Dioxide (CO2),
Hydro

SAMEER BHATNAGAR – Bangkok - 2008

Hydro
Carbons(HC), NOx ( Nitric Oxides),etc.

Gasoline Combustion :Gasoline Combustion :

Inlet:Inlet:
weight  weight  -- %% Carbon Di OxideCarbon Di Oxide

COCO22 17.7%17.7%

WaterWater

OxygenOxygen
OO 19 8%19 8%

WaterWater
HH22O 7%O 7%

OO22 19.8%19.8%

Fuel 6 3%Fuel 6 3%

Nitrogen Nitrogen 
NN22 + Air + Air 
73.9%73.9%

NitrogenNitrogen
NN22 + Air + Air 

Fuel 6.3%Fuel 6.3%

Pollutants Pollutants 
1.4%1.4%

Exhaust:Exhaust:

22
73.9%73.9%
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Exhaust:Exhaust:
weight  weight  -- %%



Gasoline Combustion Gasoline Combustion -- Exhaust Exhaust 
Pollutants without Catalytic Convertor :Pollutants without Catalytic Convertor :

PollutantsPollutantsCarbon Di OxideCarbon Di Oxide
COCO22 17.7%17.7%

with cat with cat 
0.14%0.14%

w/o cat w/o cat 
1.4%1.4%

WaterWater
HH22O O 
7.0%7.0%

NitrogenNitrogen
NN22 + Ar + Ar 
73.9%73.9% 71% CO (carbon Mono Oxide)71% CO (carbon Mono Oxide)73.9%73.9%

12% HC(Hydro Carbon)12% HC(Hydro Carbon)

17% NO17% NOX X (Nitric Oxide)(Nitric Oxide)

Gasoline exhaust of vehicles w/o catalytic Gasoline exhaust of vehicles w/o catalytic 
tt
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convertorconvertor

Gasoline Combustion Gasoline Combustion -- Exhaust Exhaust 
Pollutants with Three Way Catalytic convertor :Pollutants with Three Way Catalytic convertor :

PollutantsPollutants
COCO22

17 7%17 7%
with cat with cat 
0.14%0.14%

w/o cat w/o cat 
1.4%1.4%

17.7%17.7%

HH22O O 
7.0%7.0%

NN22 + Ar + Ar 
73.9%73.9% 71% CO71% CO 71% CO71% CO73.9%73.9%

12% HC12% HC

17% NO17% NOXX

12% HC12% HC

17% NO17% NOXX

Gasoline exhaust of vehicles with catalytic Gasoline exhaust of vehicles with catalytic 
tt
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convertorconvertor



Major pollutants from automobile emission:

• Carbon dioxide (CO2)

• Hydro carbons (HC)

• Nitrogen oxides (NO & No2)

• Sulfur dioxide (So2)

• Lead particulates (tetraethyl lead : Pb (C2H6)4),

(tetraethyl lead : Pb (CH3)4)

SAMEER BHATNAGAR – Bangkok - 2008

Petrol Petrol 
EmissionEmission

MeasurementMeasurementMeasurementMeasurement
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NDIRNDIR (Non Depressive Infrared Measurement ):(Non Depressive Infrared Measurement ):

Principle :

A single wave band within the infrared spectrum is selected for each gas to
measure where its absorption is known to be substantially high and where nop y g
other background gas absorbs significantly. Optical band pass filter, which
transmits IR energy only within the waveband is placed before the
thermocouple detector When the cell is filled with sample gas the IR detectorthermocouple detector. When the cell is filled with sample gas the IR detector
measures the resultant reduction of transmitted IR energy within the wave
band of each gas.

The signal processing electronics determines the differential
i/io = degree of absorption

Where io : Is being reference signal.
I : Is sample signal for each gas to measure .
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Gas Analyser Architecture  :Gas Analyser Architecture  :

IR Detectors
HC

λ = f (CO, CO2, HC, O2)

IR Filters

Sample cell

HC
CO

CO2

El iElectronics

O2 Sensor

Chopper
bladeIR Source

2
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blade
Gas outGas in



Emission of Emission of 
Diesel VehiclesDiesel VehiclesDiesel VehiclesDiesel Vehicles
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Diesel Engine  : Compression Ignition Engine (CI)

These type of engines use Low volatile liquids as fuelyp g q
Generally no ignition device is used.
Load and speed are controlled by varying the fuel
quantity .y
The mixtures used generally are near chemically correct.

AdvantagesAdvantages

Low specific fuel consumption
Hi h th l ffi iHigh thermal efficiency
Lower fuel cost
Low CO and Hydrocarbon emission
High mechanical efficiency

Disadvantages
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Disadvantages
High particulate matter in emissions 



Potential of Danger  :Potential of Danger  :
Engine Exhaust Combustion ComponentsEngine Exhaust Combustion Components

Particles (particulates) : Black carbon, lead

noxious
poison

- cancerouscancerous

smog relevant

- particles increase the opacity
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Diesel Particulate Diesel Particulate –– Carbon Core, with Carbon Core, with 
Condensed and Absorbed Substances :Condensed and Absorbed Substances :

(CH2Cl2)-Soluble Components
(mainly hydrocarbons)

(Isopropanol/water)-
Solubles

Fuel

(mainly hydrocarbons) Solubles

Lube oil
Sulphate

Carbon

Water

Lube oil

Polar organic
and inorganic

materialsInsolubles
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materials
(metal and others)



DieselDiesel
EmissionEmissionEmission Emission 

MeasurementMeasurement
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Diesel Smoke Measurement Methods :Diesel Smoke Measurement Methods :

Gravimetric Opacity, AbsorptionFilter Paper

g/m3 FSN %  ,  m-1

weight optic reflective optic light extinction :weight optic reflective optic light extinction :
Partial flow & Full Flow
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Diesel Smoke Measurement Methods :Diesel Smoke Measurement Methods :

Optic Light Extinction :Partial FlowOptic Light Extinction :Partial Flow
Open and Close Head

Open Head Closed  Head
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Advantages:

The Best suited method for measurement of opacity is partial flow in closedThe Best suited method for measurement of opacity is partial flow in closed

head measurement method

Advantage of using a closed measurement head is the measured value does

not get effected by ambient light and other outside factors.

The advantage of partial flow measurement over full flow is , the measurement 

Chamber length remains fixed and hence the results are more accurate asChamber length remains fixed and hence the results are more accurate as

Compared to full flow in which the length of measurement head Has to be adjusted 

Depending upon the exhaust diameter
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Principle of Opacity Measurement :Principle of Opacity Measurement :

Beer - Lambert
T - K

DetectorI0 ILamp

Absorption

T  - K
p  - pa

Scattering
L  - m 

K  - m -1

Absorption

Extinction = Absorption + Scattering

I0 ...  Light intensity at entry
I  ... Light intensity at outlet
K  - m-1 ...  Absorption coefficient

I

I
= e -K. L. = (1- )N

100

T0.p

T.p0

L  - m  ...  Measuring length
T0 - K ...  Ambient temperature
p0 - pa ...  1,013.155 pa, normpressure
p - pa ... Ambient pressure

I0
100

T0.p
K L
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p  pa  ...  Ambient pressure
N  - %  ...  Opacity T.p0

N = 100. (1-e                     )-K. L.

Fig. I

Networking of Pollution testing stations

To connect all Computerised Pollution Under CheckTo connect all Computerised Pollution Under Check
Centers (PUCC) to a server situated at the Pollution
Control Division, Transport Department, in order to
capture data of all Computerised Pollution Testingcapture data of all Computerised Pollution Testing
Centers for Online Testing and enhanced analysis,
inspections, reporting and future planning.
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System Overview DiagramSystem Overview Diagram
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System Overview DiagramSystem Overview Diagram
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System Overview DiagramSystem Overview Diagram

D e ta ile d  L a y o u t D ia g ra m
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M o d e m
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A V L  D a ta  C e n te r
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System Overview

• The PUCC centre will be connected to a centrally locatedy
server hosted by Pollution Control Division, Transport
Department.

• The PUCC centre will have on line subscription for usageThe PUCC centre will have on line subscription for usage
of Pucc system and generating certificate

• The Transport Authority will have the full control of the
b d th d t b hi h j t thweb server and the database server, which are just the

logical partitions and can be their on a single machine
(PC).

• The Transport Authority can analyse the compiled data
on various basis provided at their end.
Th R d id I t h k th t t d t f• The Road side Inspector can cross check the test data of
vehicle under question on line from server.
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Connecting Media

d d

g

1. Broad Band:: Here the PUCC user will
use telephone line as the medium on line
data transfer to server. It will require the
use of modem and a broadband internetuse of modem and a broadband internet
connection.

2. CDMA/ GSM card: Here the PUCC
user will use CDMA/GSM card as the
medium for on line data transfer . This
will be more reliable and efficient than
the telephone line.

•Only Internet connectivity is required with
PUCC subscription
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PUCC subscription

Database Server

Tools:
Database server can be loaded with 

ft t l h SQL SERVER/software tools such as SQL SERVER/ 
ORACLE.

Features:Features: 
Both of the tools provide features such as  

1. Reliability.1. Reliability.
2. Security management.
3. Distributed database management.
4. Concurrency management.
5. Scalability.
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Database AdministrationDatabase Administration
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Web Server

Tools:

Options for software requirement available 
for a web server on Microsoft platform is 
Internet Information Server and SQL ServerInternet Information Server and SQL Server.

Add-on- AVL developed web system
Features:

1. It acts as a interface between the 
database server and the CPTC user. 

2 It guards the database server2. It guards the database server.

3. It compiles and sends back the static 
content to the client, and forwards the 
transactions (dynamic content retrieval and 
manipulation) to the database server, also 
forwards back the results from the database 
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server to the CPTC . 



PUCC

Tools:

Options for software requirement available for a PUCC on 
Microsoft platform is Internet Explorer 
Features:Features:

1. The PUCC user will connect the  main server at Pollution 
Control Division through internet, Transport Department

2. PUCC center will login to the server online and 

3. PUCC center will have web page which will interact with 
equipment and generate the certificate at the serverequipment and generate the certificate at the server

4. This certificate will be printed online by PUCC center

5 No data will be maintained at PUCC All control will at5. No data will be maintained at PUCC , All control will at 
Transport Department.

6. PUCC center will work like terminal 
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Software  Classification

1. PUCC Terminal: There will be only Internet connectivityy y
with PUCC subscription..

2. Server Software: This software runs in the server located
t t l l ti it i i d f th f ll iat a central location, it is required for the following:

(a) Web page management

(b) Online data capturing from Pucc center

(C) Certificate generation.

(d) Database Management.

(e) Data Analysis.

(f) Customised Report Generation.
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PUCC Web PagesPUCC Web Pages

Delhi networking SolutionsDelhi networking Solutions

(www.delhitransportpuc.in)

SAMEER BHATNAGAR – Bangkok - 2008

Log in Page
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Customer account page
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On Line - DemoOn Line - Demo

SAMEER BHATNAGAR – Bangkok - 2008



System BenefitsSystem Benefits
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Benefits- PUCC UserBenefits PUCC User

1. Automated online of data and analysis.

2 User Friendly system2. User Friendly system .

3. Uniform system of testing and compilation.3. Uniform system of testing and compilation.

4. No PUCC S/W required

5. Time efficient system.

6. Cost Effective, Reliable and uses latest technology.
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Benefits - Transport DepartmentBenefits Transport Department

1. Automated On line Data availability from the PUCC end.

2. Pass / Fail judgment at Government department end .

3. PUCC center has no control works only like terminal.

3. Reliability of data is insured at the server end.y

4. Online Reports : Read only access to data reports can be
provided to any autonomous national/ international bodyprovided to any autonomous national/ international body.

5. Automated response can be sent to the vehicle owners for
reminding them of the validity of their certificates, through
e-mail or snail mail from the Transport Department

6 On road inspection online is possible
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6. On road inspection online is possible.

Press Releases
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Thank You
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