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Abstract—Research the real time measuring problem of fuel consumption parameters in car running process． As the car engine 
fuel consumption parameters change with the cars characteristic, natural environment and traffic condition and many kinds of 
factors, the traditional single sensor cannot get the accurate real-time parameter values of the fuel consumption． In order to get 
the accurate fuel parameter, an engine fuel parameter measuring method is pro-posed based on a sensor network． First, the basic 
principle and methods to determine the parameters were analyzed, and several key parameters of the fuel consumption 
measurement process were determined.  Then，the wireless sensor network of key was synchronized and acquired in real time． 
Finally，the simulation analysis and testing were carried out． Simulation results show that based on the wireless sensor network, 
the measurement method can accurately measure the practical parameters of fuel consumption． 
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I. INTRODUCTION 

Oil is a kind of limited natural resources, the price of oil 
continues to rise, and with the energy saving and emission 
reduction more and more attention, how to reduce the 
consumption of oil consumption, effectively reduce 
automobile exhaust emissions has become a hot topic of 
concern. Due to many factors, such as the characteristics, 
natural environment, road traffic conditions and so on, how 
to reduce the fuel consumption is a key problem in the 
development of the automobile industry[1]. 

At present, the fuel consumption of the system is to 
establish a model of engine and vehicle load, and to obtain a 
practical model for vehicle fuel consumption. This method is 
a kind of theoretical analysis model, in which the simulation 
test is carried out, and the results are very different from the 
test conditions and the real situation of the vehicle. In order 
to build a model which can truly reflect the vehicle fuel 
consumption, the best method is to measure the actual 
operating conditions of the automobile engine, and to 
establish the measurement model based on the on-line 
measurement data[2]. However, due to the parameters of the 
vehicle engine running, not only can the measurement data 
of the sensor is high, but also the data real time processing 
capability is also very high. When the vehicle engine is in 
operation, a single sensor cannot measure the key parameters, 
the measurement error is relatively large. Therefore, the 
sensor is required to be combined into a sensor network, and 
then the key parameters of the automobile engine are 
measured, so as to obtain the best results[3-5]. 

Through the wireless sensor network to collect and 
process the parameters of the real-time operation of the 
automobile engine, the fuel consumption model of the 

vehicle is established according to the parameters of the 
acquisition. 

I. MEASUREMENT PRINCIPLE OF REAL TIME FUEL 

CONSUMPTION FOR AUTOMOBILE 

Automobile engine fuel consumption is a real reflection 
of the energy consumption in the process of driving the 
vehicle[6]. The vehicle fuel consumption is described by the 
following formula: 
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Among them, T is the total fuel consumption of the 
engine unit time, S is the fuel consumption of the engine unit 
power, W is the total output power of the engine in the case 
of fuel consumption rate of T. The engine uses the volume to 
measure the fuel supply. Therefore, the relationship between 
fuel consumption per unit time and fuel output power can be 
expressed as follows: 
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Among them, t is a measure of time, P is the fuel density, 
V is measured in time of fuel consumption, Error! 
Reference source not found. is fuel heat coefficient. 

So the measurement process of fuel consumption of 
automobile engine by type (2) is as follows: when the engine 
is in a certain fuel, the engine will work and the wireless 
sensor can measure the parameters of the engine fuel inlet. 
The minimum measurement time period refers to the engine 
to work to a stroke end, through measuring the stroke cycle 
by operating the engine time monitoring sensor. A large 
number of wireless sensor nodes distributed in the engine, 
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and the composition of a parameter measurement without a 
sensor network, so the sensor network structure of the 
vehicle fuel consumption real-time measurement is shown in 
figure 1. 

 

II. DESIGN OF ENGINE FUEL CONSUMPTION MEASURING 

SYSTEM 

A. Hardware structure of the system 

Based on wireless sensor of engine fuel consumption 
measurement system based on the original engine control 
system to join the wireless sensor nodes to form an engine 
fuel consumption measurement system, the whole system is 
composed of 3 parts, the first part is the fuel consumption 
parameters acquisition wireless sensor, which is used to 
collect the performance parameters of the engine fuel 
consumption; The second part of the data processing unit, the 
collection of the parameters of the data processing, in a 
certain format to send to the host computer. 

B. System software design 

The sensor node software implementation is relatively 
simple, when the car engine start running, set the time, every 
1 min let wireless sensor data acquisition, in order to 
improve the measurement accuracy, the first set and the last 
group of data, then the remaining 10 sets of data, and 
packaged into a data frame, through the sensor RF unit 
transmission to the wireless sensor network in the fuel 
consumption state, so as to achieve the real-time 
measurement of wireless sensor network. 

C. Sensor network data synchronization problem 

Aiming at the problem of time synchronization in 
wireless sensor networks in the process of vehicle fuel 
consumption measurement, the paper proposes a data 
synchronization algorithm using time stamp. The 
synchronization algorithm includes two steps, the first step is 
to establish the sensor network node network topology. The 
second step is to realize the time synchronization of all 
sensor nodes by using the broadcast synchronization 
algorithm based on two way time stamp. 

(1) Topology construction of sensor network 
Initialization of wireless sensor network node 

information, it includes the sensor nodes working frequency 
setting, initial time and wireless sensor configuration 
parameters, etc.. This information is broadcast in all sensor 
nodes in the network. 

When each sensor node is accepted to publish the initial 
information, the information is configured and initialized 
with the value of the time. The sensor node level is L, and if 
the current node level is greater than L, the level of the node 
is 1, indicating that the node is lower than the original node, 
otherwise the current sensor node level parameters do not 
change. 

If the current sensor node receives data from the sensor 
node, which is smaller than all the data packets, then the 
current sensor node broadcasts the information received, or 
the sensor node is no longer forwarding packets. 

When all nodes are no longer forwarding data, according 
to the signal coverage of each node, the sensor network 
establishes a hierarchical network with different forwarding 
hops. 

(2) Sensor network node broadcast synchronization 
The sensor center node sends out a synchronized time 

detection signal which is composed of data source level, 
sensor node identity (ID) and data sending time (T1). 
According to the above established wireless sensor network 
topology, the detection signal is broadcast to all low level 
sensor nodes. 

After the current node receives the signal to synchronize 
the time control, record the data receiving time Tx, check the 
ID number in the packet, and if it is found to be the same as 
ID, then the node must respond to the broadcast information, 
otherwise it will respond. 

A sensor node is required to respond to a message on the 
upper level, which is composed of a sensor ID, data 
receiving time Tx1, and a response message sending time 
Tx2. 

According to the feedback information received from the 
lower level nodes T2, the upper sensor node A can calculate 
the communication delay between the information and the B: 
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The time deviation of A and sensor node B is: 
 11 XTTDT                       (4) 

On the basis of the current time, the sensor node B can be 
calibrated with the time deviation value. Other nodes Ci 
received the broadcast information, and the time variation of 
the sensor node B can be corrected. 

When all the nodes in the wireless sensor node A are 
synchronized, the time synchronization of the next layer is 
realized by the sensor node B, which is exactly the same as 
the A sensor nodes.  

The synchronization algorithm designed in this paper 
firstly analyzes the time synchronization problem of wireless 
sensor nodes, nodes do not find the reason is because the 
data synchronization between the nodes caused by the 
propagation delay, so the measurement method to measure 
the round-trip propagation delay between nodes, improve the 
measurement accuracy of vehicle fuel consumption 
parameters. Secondly, in order to adapt to the dynamic 
changes of network topology, a broadcast mode is used to 
distribute data, which is not only good to establish a dynamic 
network topology, but also to avoid the emergence of 

 
Figure 1.  Fuel consumption measurement structure for Wireless 
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network storm. At last, when the sensor nodes respond to the 
information, the favorable conditions are adjusted by using 
no need to adjust the clock to the sensor nodes. The number 
of the broadcast response nodes is 1. The time deviation is 
calculated. The number of sensor networks is effectively 
reduced, and the energy consumption of sensor nodes can be 
reduced. 

D. Mathematical Model of Theoretical Fuel Consumption 

The engine fuel consumption is a function of engine 
power and speed, the engine power can be divided into 
internal power and external power, internal power to 
overcome the internal engine friction, power consumption 
and other ancillary equipment; The external power is used to 
overcome the automobile driving resistance and so on. The 
vehicle fuel consumption can be divided into the engine 
internal power required for fuel consumption and external 
power required fuel consumption, and it can be expressed as: 

 ),( nPFQ                      (5) 

 ei PPP                           (6) 

 ei QQQ                           (7) 

Formula: Q is the unit fuel consumption, unit: mL/s; P is 
the engine power, unit: kW; n for engine speed, unit: r/min; 
Pi is the internal output power of the engine, unit: kW; Pe is 
the external output power of the engine, unit: kW; Qi is the 
engine internal power consumption, unit: mL/s; Qe is the 
engine external power consumption, unit: mL/s. 

Fuel consumption theory, the fuel consumption per unit 
output power is defined as fuel consumption (Ge), Ge is a 
function of engine speed, and can be expressed as a linear 
relationship. 

 nggPQg eee  21/  (8) 

The type (8) into type (6): 

 eeeiee PnggPnggQ )()( 2121   (9) 

Due to internal power engine power engine numerical 
value is small relative to the total, over the whole range of 
the engine rpm is constant, as a constant to handle.  

E. Mathematical model of the measured fuel consumption 

In this paper, the fuel oil is calculated by two methods, 
one is the liquid level difference between the sub tank and 
the end of the oil level, the other is the oil quantity 
calculation of the pulse number of the pulse number of the 
Gand sensor when the sub level is lower than the specified. 
Through the microcontroller A/D sampling, the upper and 
lower limits of the secondary fuel tank level of the upper and 
lower levels of a and B, the engine began to work at x1. 
When the engine starts to work, the level of the secondary 
tank gradually decreased, when the level of x1<b, start the 
work of precision metering pump (metering pump to pump 
oil volume is far greater than the engine oil consumption 
rate), until the liquid level reaches a precision metering pump 
to stop working. In precision metering pump work at the 
same time, the microcontroller to capture the pulse number 
of the Wei Gende sensor coun (tcount for precision metering 
pump work pulse cumulative value), in order to continuously 

through the precision metering pump from the main fuel tank 
to the Deputy tank to the engine work. When the engine is 
working at the end of the level x1=x2, this can be calculated 
by two cases of engine oil consumption: In the whole 
process of engine operation, precision metering pump does 
not work, at this time count=0, engine oil consumption x=x1-
x2;In the whole process of engine operation, precision 
metering pump, at count = 0, the engine oil consumption of 
x= x1-x2+count/K (K meter coefficient). 

III. SIMULATION STUDY OF AUTOMOBILE FUEL 

CONSUMPTION PARAMETERS MEASUREMENT 

A. Automobile Fuel Consumption Measurement Result 
Analysis 

Firstly, the performance of the vehicle fuel consumption 
measurement system based on wireless sensor is tested and 
analyzed by using the simulation system. Measurement 
results of the car fuel consumption of wireless sensor 
networks are shown in Figure 4.The car engine speed of 
4000 rpm / sec, constant speed 90km/h in Figure 5, the 
dotted line represents the theoretical curve according to the 
fuel consumption ratio and the rated power of the automobile 
fuel consumption, while the solid line shows the vehicle fuel 
consumption measurement curve of this design of a wireless 
sensor network based on. We can know from the 
measurement results in Figure 3, solid line is always around 
the dotted line down, mainly due to the dashed line is the 
average value obtained by using the power and fuel 
consumption relations, the trend is a straight line. But in the 
actual environment, automobile engine fuel consumption 
real-time is a time-varying characteristic value, so the line 
around the dotted line under the fluctuations that vehicle fuel 
consumption measurement results based on wireless sensor 
network is correct and effective. 

 
Figure 3. the results of the vehicle fuel consumption measurement in 

Wireless Sensor Networks 

B. Synchronous analysis of fuel consumption data 

In wireless sensor network based vehicle fuel consumption 
measurement system, wireless sensor network data 
synchronization plays an important role in the real-time 
measurement of fuel consumption. In the process of 
simulation test, the upper nodes and the most bottom edge 
points of time deviation are tested, and the time error of the 
wireless sensor nodes is set up. After a period of time data 
synchronization, the time difference between sensor nodes is 
measured, and the results are shown in Figure 5.From the 
measurement results of Figure 4, with the increasing of the 
amount of the transmitted data packets, the proposed 
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wireless sensor node synchronization algorithm can 
effectively achieve the time synchronization between the 
sensor nodes, so that the time deviation tends to 20 s, the 
simulation results show that the algorithm can achieve the 
maximum accuracy of the engine fuel consumption 
parameters. 

 
Figure 4 simulation results of time synchronization algorithm for sensor 

nodes 

C. Measurement data results 

In order to verify the feasibility of internal combustion 
engine fuel consumption test system and the mathematical 
model of the fuel consumption meter, select the normal 
performance of the car, the fuel metering device are 
respectively arranged on the record, its operation, the 
experimental data are shown in Table 1.Among them, Q1 is 
the difference between the amount of the oil and the 
remaining amount of the time when the vehicle works before 
each refueling. Q2 is the fuel consumption of the 
corresponding fuel consumption measuring device 
measuring the three vehicles, the fuel consumption 
measurement.Q1/Q2 is the actual fuel consumption and fuel 
consumption meter to measure the ratio of fuel consumption. 

TABLE I.  ACTUAL FUEL CONSUMPTION AND FUEL CONSUMPTION 
DATA 

 Q1 Q2 Q1/Q2 
1 10.1 10.84 0.931 
2 10.5 10.34 1.015 
3 9 8.88 1.014 
4 10.6 10.44 1.015 
5 8.8 10.02 0.878 
6 11.2 11.56 0.969 
7 10.5 10.54 0.969 
8 14.1 13.76 1.025 
9 12.9 12.33 1.046 
10 12.3 12.98 0.948 
11 13.5 14.41 0.936 
12 11.8 11.74 1.005 
13 16.2 16.57 0.978 
14 20.3 20.97 0.968 
15 16 16.4 0.976 
16 10.2 10.04 1.016 
17 10 9.78 1.022 
18 13.9 12.52 1.11 
19 19.8 20.62 0.96 
20 15.7 15.41 1.019 

 

D. Actual fuel consumption and measurement of oil 
consumption curve fitting 

In table 1, the fuel consumption meter shows obvious 
linear relationship between the measured fuel consumption 
and the actual fuel consumption. Therefore, linear regression 
and regression equation are established: 

 bxay    (10) 

Set ix is the fuel consumption meter of the measurement 

of fuel consumption, x  is its average, iy  is the actual fuel 

consumption value, y  is its average, n is the number of data. 
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The linear regression equation is obtained. 
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IV. CONCLUSION 

Because of the influence of many factors, the fuel 
consumption parameters of automobile engine are random 
and real-time, so the traditional method and simple single 
sensor have no accurate measurement, and can not be 
processed in real time. In order to solve this problem 
effectively, this paper presents a method for measuring fuel 
consumption parameters of automobile engine based on 
wireless sensor network. The wireless sensor nodes are 
arranged in the key position of the vehicle engine. The 
sensor nodes form a wireless sensor network. The sensor 
network is used in the process of vehicle driving. The engine 
parameters are collected in real time and the data are fused. 
Through the test, the results show that the proposed method 
is a good solution to the problem of data acquisition in 
wireless sensor network, which can accurately get the fuel 
consumption parameters, the solution of the problem can be 
applied to other industrial parameters real-time 
measurement. 
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