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Abstract. Vehicle fuel consumption is one of the most important operational characteristics of road 

vehicles. The fuel consumption can be determined by different methods under laboratory conditions or by 

carrying out drive tests. One of the possibilities to quantify a way of vehicle driving is to analyse the 

selected parameters of the fuel mixture electronic control system. The objective of the paper is to predict 

fuel consumption via parameters of throttle position and engine speed. The measurement was carried out in 

the laboratory of the Department of Road and Urban Transport by using a MAHA roller dynamometer. The 

result is an estimation of accuracy of such fuel consumption determination and its possible utilisation for 

a system of assessing the vehicle driving style of drivers.  

1 Introduction  

In some cases, recording the electrical course from the 

selected electronic components of the fuel mixture 

control system is also an appropriate method to 

determine fuel consumption. Accuracy of this method 

depends on a number of factors [1, 2]. However within 

laboratory conditions, it can serve as a tool which 

suitably complements other recorded parameters of fuel 

consumption. Many foreign studies examine accuracy 

and dependence between the electrical course of the 

selected electronic components and fuel consumption. 

These data can be then used in common vehicle systems 

that, for example, warn drivers of the wrong driving 

style in terms of operating fuel consumption [3, 4, 5]. 

The most commonly used electronic components include 

the following sensors and actuators: 

 throttle position sensor, 

 manifold pressure sensor, 

 mass air flow sensor, 

 crankshaft sensor, 

 injection valve, 

 idle speed valve. 

Dependence of recorded electrical quantities from 

specific electronic components of the fuel mixture 

control system on operating fuel consumption differs in 

terms of a particular vehicle [6]. For this reason, 

different research tasks are carried out for different 

vehicles. The example of such dependency is shown in 

Fig. 1. The parameters as the air flow in the intake 

system sensed by MAF sensor together with engine load 

(the value calculated by an engine control unit from 

several sources – accelerator position, engine speed, 

manifold pressure and etc.) are evaluated in dependence 

on the amount of fuel consumed. Their course shows 

strong linear dependence of different parameters for 

different vehicles. 

 

Fig. 1. Dependence of the intake air flow with engine load on 

fuel consumption [6]. 

2 Measurement methodology  

It is the most appropriate to carry out this kind of 

measurements under laboratory conditions at predefined 

vehicle driving cycles. The laboratory conditions are also 

suitable in term of the same climatic conditions 

throughout whole data recording [7,8]. Therefore, the 

measurement was carried out in the laboratory of the 

Department of Road and Urban Transport of University 

of Zilina in Zilina. The drive tests were performed by 
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using MAHA MSR 1050 roller dynamometer by using 

of which the world-wide harmonised WLTP driving 

cycle was simulated [9, 10]. Measurement procedure and 

data acquisition from the control system are shown 

graphically in Fig. 2. The test was carried out based on 

the WLTP cycle only in its first part i.e. vehicle driving 

time of 600 seconds. 

 

Fig. 2. Scheme of data acquisition and processing. 

The measurements were carried out with laboratory 

vehicle Kia Ceed 1.6 CVVT. The vehicle is equipped 

with a spark-ignition engine and it has a multi-point 

indirect injection system (Motronic) with sequential fuel 

injection. 

Recording of the measured data was ensured by 

using the control computer of the roller dynamometer as 

well as by reading “live data” from the universal OBD 

diagnostics with TouchScan software [11, 12, 13]. The 

measured parameters, which were saved for further 

processing, included in particular: engine speed, fuel 

consumption, throttle position and vehicle speed (Fig. 3). 

The used OBD diagnostics allows recording the selected 

values at the level of approximately 3 Hz, i.e. in overall 

1 800 values were recording during the simulated cycle. 

3 Results  

Based on the recorded data on engine speed, throttle 

position and fuel consumption obtained from OBD 

diagnostics, the dependency of individual parameters 

was examined. 

Fig. 4 depicts dependence of fuel consumption on 

engine speed. By adding a trendline to this scatter plot, it 

was found that a power regression model, shown in the 

following relationship (1), best suits the given 

relationship between analysed values. This relationship 

may significantly predict fuel consumption. In case of 

the examined vehicle, the engine speed can be a factor 

that has a significant weight in final fuel consumption 

[14, 15]. From this reason, the engine speed is often one 

of the first parameters that are examined within the 

evaluation of vehicle driving efficiency. 

 Fuel consumption = a·nb  (1) 

where: a = 0.0005, b = 1.0823  

 n – engine speed [RPM] 

 

Fig. 5 depicts the scatter of values for the relationship 

of fuel consumption as the function of throttle opening. 

The course of a quadratic polynomial best fits the 

relationship of measured values (as shown in the 

relationship below). Throttle opening, or accelerator 

pedal position also significantly influences fuel 

consumption [16]. The mathematical expression of this 

dependence is more significant in the case of removing 

values measured during idle engine speed. 

 Fuel consumption = a·x2+b·x+c  (2) 

where: a = 0.0086, b = 0.083, c = 0.201  

 x – throttle opening [%] 

 

Fig. 3. The recorded course of vehicle speed, engine speed and 

throttle position. 

Eventually, a 3D regression model was derived for 

fuel consumption in relation to both previous mentioned 

parameters i.e. throttle position and engine speed (Fig. 

6). A linear polynomial model, shown in the following 

relationship (3), best fits the function of surface 

regression. 

 Fuel consumption = a+b·x+c·n+d·n·x+e·n2+f·x2  (3) 

where: a = 0.76712, b = -0.25558, c = 1.004·10-3,  

 d = 1.95·10-5, e = -1.1·10-7, f = 0.0175  
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Fig. 4. Dependence of engine speed on fuel consumption. 

 

Fig. 5. Dependence of throttle position and fuel consumption. 

The coefficients (a – f) were calculated by using 

Microsoft Excel and Solver tool. In order to approximate 

the values of calculated instantaneous consumption data 

as much as possible to the measured fuel consumption 

values, several iterations were made till the minimum 

deviation was accomplished. By successive 

recalculations, the resulting coefficient values at which 

the value of instantaneous consumption reached a 

minimum difference from the measured values were 

calculated. 

 

Fig. 6. Dependence of engine speed and throttle position on 

fuel consumption. 

4 Conclusion  

The mentioned methods of fuel consumption prediction 

by using the parameters from the fuel mixture control 

system can be a useful tool when assessing the level of 

economic drive of drivers [17, 18]. It was also possible 

to compare proposed models for the examined vehicle 

with its real fuel consumption because a flow meter to 

exactly measure fuel consumption with a variance of 0.5 

% was used during the measurement. During the 

measurement, fuel consumption recorded by the flow 

meter was at the level of 1.492 l per hour which 

represents the average fuel consumption 8.35 l/100 km 

considering 3.043 km of distance travelled. In case of the 

realization of the fuel consumption estimation by using 

the 3D model (dependence of engine speed and throttle 

position on fuel consumption), accuracy of the prediction 

is 0.228 %. 
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