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Abstract - At present, modern vehicles are embedded with
Electronic Fuel Injection (EFI) system to dispense fuel into
the engine for better fuel economy and reduced emission. An
EFI engine uses electromagnetic injectors allows fuel at high
pressure to enter the engine's combustion chamber. The
timing of opening and closing of these injectors is controlled
by an on - board microprocessor based Engine Control Unit
(ECU), which uses a multitude of sensors on the engine to
determine the precise metering of fuel. The only path fuel can
take to leave the tank is through the injectors. By monitoring
the signals from the ECU to these injectors, it is possible to
calculate the exact amount of fuel being injected, and thus
the rate of consumption. The aim of the present work is to
develop a fuel injection test system that would be suitable for
real - time measurement of fuel consumption in Electronic
Fuel Injection (EFI) gasoline engine.

Graphical dynamic system simulation software is emerging
more popular in automation sector for measurement and
testing applications. In an effort to develop real - time fuel
injection test bench, graphical dynamic simulation software
is used to simulate the functions of four stroke gasoline
engine. This paper presents the design, implementation and
the test results of an online system for instantaneous
measurement and display of fuel consumption in a vehicle.
For developing fuel injection programme, a virtual
Instrumentation (VI) based software Labview version 8.5
and for fuel injection, a hardware  named compact Field
Point (cFP) the products of  National Instruments (NI) were
used. Labview software was used for programme
development, data analysis, documentation of the results and
Measurement and Automation Explorer (MAE) version
4.7software was used for hardware functioning. The test
results show that linear approximation of injector flow
response deserving to use an empirical formula on the
calibrated fuel map. When operated the test system display
real - time fuel injection quantity at corresponding pulse
widths.

Keywords - EFI, ECU, gasoline engine, Fuel injection, Fuel
map, Labview software, Virtual instrumentation.

I. INTRODUCTION

Online instantaneous monitoring of material
consumption is important in a variety of industries,
allowing adjustments to be made so that their effect can be
seen right away. Fuel consumption is no exception and
ships, generators, trucks and even new cars are available
with this type of instrumentation.  The primary running
cost, when operating a vehicle or a vehicle fleet, is fuel. In
commercial situations this is reflected in the service fees.
Knowledge of the fuel consumption enables vehicle
owners to predict this cost and budget more effectively.
Reduction in fuel consumption is also essential for cost
effectiveness of intelligent transportation systems.

For a layman, measuring the amount of fuel used by a
vehicle is as simple as recording the odometer reading
whenever the vehicle is refuelled. However this will only

give the total amount of fuel used and the average fuel
consumption, generally over a few hundreds of kilometres
travelled. Knowing how the fuel consumption changes as
the journey progresses adds value and the instantaneous
readings take the system to a whole new level of real-time
automotive instrumentation. Driving characteristics effect
the fuel consumption and hence the emission [1].   The
vehicle emission and its impact on the environment are
driving many research projects looking at reduction of fuel
consumption. Several hybrid regression models that
predict vehicle fuel consumption and emission rates for
light duty vehicles and light-duty trucks were discussed.
Key input variables to these models are the instantaneous
vehicle speed and acceleration measurements [2]. The
influence of instantaneous on-road vehicle speed on
emission, and fuel consumption were studied by a lump of
data collected from four instrumented vehicles. Time,
distance, and fuel-based average fuel consumption, as well
as soot emission factors, were derived. The influences of
instantaneous vehicle speed on emissions and fuel
consumption were studied [3]. The impact of vehicle
cruise speed and acceleration levels on vehicle fuel
consumption and emission rates were evaluated using field
data gathered under real-world driving conditions. The
study demonstrates that as the level of aggressiveness for
acceleration maneuvers increases, the fuel-consumption
and emission rates per maneuver decrease because the
vehicle spends less time accelerating. However, when
emissions are gathered over a sufficiently longer fixed
distance, fuel consumption and emission rates per-unit
distance increases as the level of acceleration increases.
[4]. Electronic Fuel injection (EFI) system  is developed in
order to improve the performance of power, fuel
consumption and to meet the stringent emission standard
of an automotive engine. Electronic Control Unit (ECU)
calculates proper fuel injection pulse width based on the
signals from sensors and instructs fuel injector driver to
inject specific quantity of fuel. The fuel injection pulse
width for an engine is composed of basic pulse width and
correcting pulse widths and this could be calibrated by
experiments on an engine. According to the method the
amount of fuel injection of an engine can be optimized and
thereby control of air - fuel ratio (A/F) further [5]. A novel
system reported the use of hardware and software design,
as well as initial results of measuring fuel consumption
using injector pulse width signal from the ECU of a car.
The initial test results indicate that the method can be
successfully employed to build an accurate measurement
device [6].

The reported systems reveal the importance of injector
pulse width measurement on fuel consumption and their
subsequent effects of exhaust emissions. This paper
discusses a means of identifying a cost effective control
strategy for real time measurement of fuel consumption
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which includes the requirement of system architecture,
calibration of fuel injection pulse width and the method of
signal measurement.  Based on the experiment a calibrated
three dimensional [3D] map was developed for few
operating parameters of the engine. From the 3D map, fuel
injection time and fuel delivery quantity could be
estimated for the required running conditions of the
engine. By monitoring pulse width from the
microcontroller it would be possible to calculate exact
amount of fuel injected as the parameters has been
calibrated in the form of 3D map. Fuel injector monitoring
method has been chosen, since EFI engines power the
majority of vehicles in use today.

II. METHOD OF FUEL INJTCTION

MEASUREMENT

A.FUEL FLOW RATE MONITORING
By measuring the flow of fuel to and from the tank, the

differential in these flows will give the amount consumed
by the engine. The advantage of using this method is that
the flows change with the consumption of the engine, and
sensors measuring these flows will respond to changes in
fuel consumption quickly. This technique will work with
any liquid, and will not affect any existing sensors and
systems. However, the disadvantage is that it requires
additional flow-rate sensors to be installed. These are
expensive and can be difficult to install and calibrate.
Physical modifications to the fuel system are not
recommended as these make the system prone to
dangerous leaks and malfunction.
B. FUEL INJECTOR MONITORING

1980's onward, most modern gasoline engines dispense
fuel into the engine by using Electronic Fuel Injection
(EFI). This uses electromagnetic solenoids to open tiny
valves, called injectors, to allow high pressure fuel to enter
the engine's combustion chambers. The timing of the
opening and closing of these injectors is controlled by an
on-board microprocessor based Engine Control Unit
(ECU), which uses a multitude of sensors on the engine to
determine when and how much fuel to inject. This
technique is used primarily because it allows precision
control of the fuel supply, resulting in improved fuel
economy but more importantly vastly improved vehicle
emissions. The only path fuel can take to leave the tank is
through the injectors. By monitoring the signals from the
ECU to these injectors, it should be possible to calculate
the exact amount of fuel injected, and thus the rate of fuel
consumption. The advantage of using this method is that it
requires no additional sensors to be added to the vehicle.
Each injector pulse is measured, theoretically resulting in
extremely accurate measurements. The system will be
very responsive to changes in fuel consumption. The only
drawback of this method is that it will only work with
vehicles that have an EFI engine.

III. ASSUMPTIONS AND ACCURACY

CONSIDERATIONS

A. CONSISTENT SIGNALS
These combustion chambers are all equal in size, so the

signals to each injector can be assumed to be identical.
Thus, only one injector needs to be monitored.
B.PREDICTABLE OPENING, CLOSING TIME AND
FLOW LINEARITY

The fuel injectors do not open and close instantly,
resulting in a "dead time" during which no fuel flows. This
time may possibly be small enough to ignore, but could
require compensating or modelling to correct for
nonlinearity. The assumption is that it is consistent across
different pulse lengths and frequencies.
C.CONSTANT SIZE

Injectors are rated by the volume of fuel that can flow
through in a minute aperture expressed in cubic
centimeters(cc), or milliliters (ml). It is assumed that all
injectors are the same size, and the volume of fuel injected
does not change as the engine heats up or wears.
D.CONSTANT PRESSURE DIFFERENTIAL

The flow of fuel through an open injector is determined
by the differential pressure across it. The pressure at the
injector opening is known as the Manifold Air Pressure
(MAP), and changes as the engine operates. The fuel
pressure is regulated, with the excess fuel being returned
to the tank. The Fuel Pressure Regulator (FPR) functions
to keep the pressure differential across the injectors
constant. For example, if the throttle is closed the engine
begins to slow down. The running engine sucking in air
against the closed throttle causes a vacuum to occur within
the manifold. This reduction in Manifold Pressure is
matched by the Fuel Pressure Regulator to keep the
pressure across the injectors constant.

IV. AN OVERVIEW OF SOFTWARE AND

HARDWARE

In an effort to develop cost effective fuel consumption
measurement system a user friendly, virtual
instrumentation (VI) based software was used in this work.
The functions of the tool are organized in a menu driven
structure.  The front panel and block diagram are the two
graphic user interface of a model or programme to be
developed for the injection task.  The user can build the
front panel using controls and indicators which are the
interactive input and output terminals of the VI
respectively.  The block diagram code uses graphical
representations of mathematical function to control the
front panel objects.  The function tool accepts engine
parameters and operating data through on screen input and
specific data block tile.  Wires connect control and
indicator terminals contained in the control and simulation
tool kit. Data flows through the wires from control to VIs
and functions, and from VIs and functions to indicators.
The developed system works as a virtual engine
simulating the operating parameters and displaying all
output results graphically and numerically as required. For
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developing virtual instrumentation system, a graphical
programme based software Labview version 8.5  and a
hardware  named compact Field Point (cFP) the products
of  National Instruments were used. Labview software was
used for programme development, data analysis,
documentation of the results and Measurement and
Automation Explorer (MAE) version 4.7 software was
used for hardware functioning.

V. DEVELOPMENT OF FUEL INJECTION TEST

BENCH

Modern gasoline injection systems involve various
sensors fitted in the engine, an Electronic Control Unit
(ECU) and mostly solenoids operated fuel injectors to
meter and inject the right quantity of fuel into each
cylinder of the engine. The ECU receives electrical signals
in the form of a current or voltage from various sensors for
monitoring different operating engine variables.
Depending upon the engine operating variables, the
quantity of fuel will be calculated by the ECU and the
signal to the injector to inject the fuel will be sent. In order
to evaluate the proper quantity of fuel to be injected, it is
very much essential to know the characteristics of the fuel
injector under the influence of different parameters
controlling it. The characteristics of the fuel injectors are
different under static and dynamic conditions. Static
characteristics can be found out by a bench test conducted
using fuel injectors and a control unit, whereas dynamic
characteristics can be found out only in running
conditions. Also, for these injectors the ‘dead time’ is an
important parameter which tells about the delay of injector
to inject the fuel after receiving a signal. During this
period, there is no injection of fuel from the injector. The
quantity of fuel injected depends upon a number of
parameters like engine speed, fuel pressure, injection
duration, injector supply voltage and dead time etc.
whereas the injection dead time is influenced by fuel
pressure and injector supply voltage. Effect of the above
parameters on the quantity of fuel to be injected gives the
injection characteristics of the gasoline injector.

Figure (1) shows the schematic layout of the test bench
setup for the injector test, which consists of fuel tank, in-
tank electric fuel pump, electronic fuel injector, electronic
control circuit, injection chamber and hardware - compact
field point. In the dynamic injection test, the amount of
fuel injected, q dynamic is determined by measuring the
injected fuel quantity for 60 seconds at different fuel
pressures and injection durations. During the dynamic test,
the fuel pressure is varied from 0.5 to 5.0 bar in steps of
0.5 bar by operating a flow return valve provided in the
fuel line. The flow return valve also directs the excess fuel
return to the fuel tank. A 12 volt, 24 amps battery charges
fuel pump and also fuel injector. The injector is fixed on

the injection chamber by a specially fabricated injector
holder as it is designed to accommodate one injector only.

Fig.1.Real time fuel injection test bench

The injected fuel is collected in an injection chamber
and the difference between initial and final weights is
measured using an electronic weighing machine. The
dynamic fuel injection quantity is measured in milligrams
per injection. In this study, experiments were conducted
on single-hole injector commonly available in the market.
The diameter of the orifice of the single-hole injector is
0.5 mm.

VI. FUEL INJECTION CONTROL STRATEGY

The amount of fuel injected depends on fuel system
pressure and the length of time the injector is turned on.
Fuel system pressure is controlled by the pressure
regulator, and injector on time is controlled by an input
slider control in the front panel. The time the injector is on
is often called as duration or pulse width and it is
measured in milliseconds (ms). Injector flow rate can be
determined based on an effective real world injector
operating pulse time and fuel flow. It is unrealistic to
establish the fuel flow to the engine based on an injector
operating pulse time of 100% - wide open all the time.
Duty cycle is an injector on time that could be understood
by the application software. The formula.1 uses an injector
operating duty cycle based on 80%. Some full race engine
management system may operate at 85 - 90% duty cycle,
but doing so for the likelihood of overheating the injector
which may cause irregular fuel rates or a decrease in low
speed operation.

Injector flow rate =
× × (1)

Where:
Engine HP - Engine Horse Power
BSFC - Brake specific fuel consumption
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Equation (1) does not hold any role in the VI
programming but this could be considered during the
design of experimentation to determine injector flow rate.
Engine HP must be realistic estimate of engine output.
BSFC is determined from engine dynamometer
measurements. It typically ranges from 0.4 - 0.6 for
gasoline powered engine but a BSFC of 0.5 is a reasonable
initial estimate for most of the automotive engine. The 0.8
multiplier of the number of injectors represents duty cycle
of fuel injection. In this experimentation a 5 HP engine
with a BSFC 0.5 when operated at a duty cycle 80%
arrived a practical and maximum injector flow rate
28.829 cc/min. The injector used in this experimentation is
12 volt saturated, 12 ohm high resistance, 1amp current
with a static flow of 30 cc/min at 3 bar pressure. Although
the injector is designed to operate at 3 bar pressure it could
be possible to operate up to 5 bar pressure with a provision
of higher fuel system pressure in test system. An injector
operating on a saturated circuit driver has a reaction time
of 2 ms. 4As the flow rate sensor did not register flow
rates below 30 cc/min, so the frequency was kept as high
as the pulse width would allow, maximising the flow rate.
The pulse width of the injector was estimated to operate
between 2 ms to 18 ms as per the manufacturer specification
beyond this the injector would operate wide open all the
time with a duty cycle of 100% which would end up with
unrealistic operation.

VII. PROGRAMMING REAL TIME FUEL

INJECTION

The fuel injection test bench set up is designed to
measure real - time fuel injection quantity of an
automotive engine without performing tests on real engine
test bed. Using VI-express simulate signal, it can be
possible to simulate speed and injection duration of an
engine. Engine speed can be simulated as frequency and

injection duration as duty cycle. Using MAE software the
cFP hardware is identified and the Pulse Width
Modulation (PWM) is configured. The developed
programme is then deployed in the microcontroller and
works as virtual engine when interfaced with fuel injection
assembly. The software, hardware and fuel line assembly
constitute real time fuel injection test bench system. The
figure.2 show VI - block diagram programme for fuel
injection and its measurement.

VIII. EXPERIMENTAL SIGNAL MEASUREMENT

To develop fuel injection map, the flow characteristic of
the injector is first measured and this was done by the
developed fuel injection test bench system. The injector
was run from 0.5 to 5.0 at an increment of 0.5 bar with the
pulse width adjusted right through its range. The fuel
injection system measures the flow of pressurized
calibration fluid while operating a fuel injector in the same
manner as in engine.

Fig.3. Fuel injection map

Fig.2. Virtual instrumentation programme (Block diagram) for fuel injection and measurement
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Adjustments of the pulse width and frequency are given
by slider control through the block diagram. The pulse
width was operated between 2ms to 18 ms at an increment
of 2ms and observed that the data recorded for each trail is
linear. The calibration test results are shown in figure 3.
The injector could be heard clicking only beyond an on-
time of 2 ms. The V-shape on the lines of intersection of
pressure against pulse width is just above 2 ms indicating
a dead-time for the injector. The results are very linear,
and confirm the observed opening and closing time (dead
time). In an automotive engine saturated circuit fuel
injector are used. One downfall of a saturated circuit fuel
injector is that it has a slower response time than a peak
and hold type. The slower time can somewhat decrease the
usable operating range of the injector energized by the
driver. An injector operating on a saturated circuit driver
typically has a reaction time of 2ms while one operating
on a peak and hold driver typically responds in 1.5 ms.
The pulse width was measured from the front panel of the
programme as shown in the figure.4

Fig.4. Virtual instrumentation programme (Front panel)
for Pulse width measurement for an engine speed of 1500

rpm

In an EFI embedded vehicles, the normal operating
range of the injector is upwards of 2 ms, so this simple
linear approximation of injector flow response would
suffice for the calculation of the fuel consumption. The
linear characteristics of the injector can allow a control
designer to involve an empirical equation that would
indicate instantaneous fuel injection at corresponding
pulse width. The figure.4 shows the graphical display of
pulse width at 12 ms injection duration and the calibrated
value of fuel injection quantity in display knob as well as
in numerical indicator. As the injection duration slider
moves, fuel injection quantity is indicated continuously in
the display knob as it has been calibrated in terms of pulse
width.

VIII. CONCLUSION

In this paper we have reported the cost effective
hardware and software design, as well as initial results, of
a novel system to measure the fuel consumption using the
injector pulse signal from the ECU of a car. Initial test
results indicate that the method can be successfully
employed to build an accurate measurement device for

real-time fuel consumption measurement. The proposed
system does not require any modification to the fuel
system of a vehicle. By utilizing the existing available
sensors data as input, the overall cost and complexity of
the system is greatly reduced. It is cheap to build and easy
to install. The system can be used for any vehicle that runs
on gasoline and uses electronic fuel ignition. The device
can be further enhanced by incorporating a graphical
display which would allow data to be displayed
continuously as a graph or gauge, giving the user a clear
indication of how the fuel consumption is changing.

Petrol powered vehicles are used for personalized
transport purpose. Due to the increasing demands of
human comfort the utilization of petrol powered vehicles
are exponentially increasing against the fuel stock reserve.
In the present scenario, with the existence of uncertain and
rocketing price of fuel, moreover petrol cars are seen with
a symbol of luxury rather than transport use. If the
developed system is incorporated in modern gasoline
vehicles, it would not only give alert to the driver for fuel
consumption but also comply with stringent emission
norms imposed by the regulatory bodies. By providing
immediate feedback to the driver, the effect of changes to
the driving style can be seen right away. It is envisaged
that the online reading provided by the system will help
the driver to adopt driving habits to reduce the fuel
consumption thereby the running cost of the vehicle could
also be reduced.
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