
Abstract
Fuel consumption (FC) has always been an important factor in 
vehicle cost. With the advent of electronically controlled engines, the 
controller area network (CAN) broadcasts information about engine 
and vehicle performance, including fuel use. However, the accuracy 
of the FC estimates is uncertain. In this study, the researchers first 
compared CAN-broadcasted FC against physically measured fuel use 
for three different types of trucks, which revealed the inaccuracies of 
CAN-broadcast fueling estimates. To match precise gravimetric 
fuel-scale measurements, polynomial models were developed to 
correct the CAN-broadcasted FC. Lastly, the robustness testing of the 
correction models was performed. The training cycles in this section 
included a variety of drive characteristics, such as high speed, 
acceleration, idling, and deceleration. The mean relative differences 
were reduced noticeably.

Introduction and Objectives
The use of controller area network (CAN) data allows researchers 
quick access to important engine operating parameters. However, fuel 
use recorded by the CAN is derived from an algorithm with 
assumptions implemented in the vehicle’s electronic control unit [1], 
and the assumptions vary among different powertrains [2]. These 
cause discrepancies between the estimated fuel consumption (FC) 
rate and the physically measured FC rate. The uncertainty of the 
estimated fuel use has been discussed previously by researchers at the 
National Renewable Energy Laboratory [3].

To evaluate the accuracy of the estimates, CAN-broadcasted fuel 
rates need to be compared against fuel use from precise fuel 
measurements. The National Renewable Energy Laboratory’s 
Renewable Fuels and Lubricants (ReFUEL) laboratory provided 
experimental data on three candidate trucks. Researchers at the 
ReFUEL laboratory recorded accurate FC measured from a 
gravimetric fuel scale and the CAN bus fuel use simultaneously.

This study had two objectives: 1) compare CAN-broadcasted FC against 
fuel measurements from the gravimetric fuel scale, and 2) develop 
models to correct the CAN FC to match the fuel-scale measurements.

Test Vehicle Information
The fuel comparison analysis included three medium/ heavy-duty 
trucks tested on the ReFUEL laboratory’s heavy-duty chassis 
dynamometer, each over multiple drive cycle tests. The three trucks 
with unknown CAN bus algorithms were different from each other. 
Each of these different drive cycles comprises several repetitions of 
the same test. Detailed information about the trucks is presented in 
Table 1. Every data set contains total fuel use reported by the precise 
gravimetric fuel scale and by the fuel rates broadcasted from an SAE 
J1939 CAN.

Table 1. Details of the trucks tested

Comparisons of CAN-Broadcasted and Fuel-
Scale Measured FC and Fuel Economy
Each vehicle was analyzed in separate MATLAB scripts, which 
adjusted for differences in fuel densities, drive cycles, and moving 
window size. The dynamometer and engine signals were aligned by 
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performing cross-correlations [4] between the dynamometer vehicle 
speed and engine vehicle speed. Figure 1 shows the aligned fuel rates 
and speeds of dynamometer-measured and engine CAN-broadcasted 
for a randomly picked drive cycle.

Figure 1. Aligned dynamometer measured and engine CAN broadcasted fuel 
rates and speeds (30-second smoothed window)

The total fuel use measured by the fuel scale was obtained by 
subtracting the gravimetric fuel scale’s final mass from its beginning 
mass. Integrating CAN-broadcasted fuel rates over a certain cycle’s 
duration gave the total CAN fuel use. The relative difference between 
the two sets of fuel use is defined in equation 1.

Equation (1)

The mean, median, and standard deviation percent differences across 
all drive cycles were also calculated to reveal the general CAN 
fueling rate characteristics of an individual data set. Differentiating 
the gravimetric fuel scale’s reading in time results in a real-time 
signal that allows this comparison to be made [3]. However, the low 
resolution of the ReFUEL laboratory’s fuel scale resulted in a 
differentiated instantaneous signal that was noisy and inaccurate. 
Moving-average windows were applied before the comparisons. The 
optimal window sizes were determined empirically by observing the 
smoothness of the differentiated fuel-scale signal and judging 
whether or not it would suffice for a second-by-second comparison 
[3]. After smoothing the fuel rate signals, parity fuel rate plots of 
measurements from the fuel scale and CAN by drive cycle were 
generated. Figures 2, 3, 4 show the real-time fueling scatter plot (all 
trucks) and percent difference bins (conventional trucks only) of 
example drive cycles for a medium-duty diesel conventional parcel 
delivery truck, a medium-duty hydraulic hybrid parcel delivery truck, 
and a day cab renewable-diesel tractor. The percent difference plot of 
the hydraulic hybrid truck is not included as the percent difference 
could be infinite because of the FC was zero. For the left plots with 
dashed green lines, the left sides represent where CAN fuel rates 
were over-reported compared to the fuel scale rates, while the right 
sides represent where CAN fuel rates were under-reported compared 
to the fuel scale rates.

Figure 2. Real-time fuel rate parity plot between the CAN-broadcasted FC and 
the fuel-scale measurement and percent difference for the medium-duty diesel 
conventional parcel delivery truck (30-second smoothed window)

Figure 3. Real-time fuel rate parity plot between the CAN-broadcasted and 
fuel-scale measurement for the medium-duty hydraulic hybrid parcel delivery 
truck (120-second smoothed window)

Figure 4. Real-time fuel rate parity plot between the CAN-broadcasted and 
fuel-scale measurement for the day cab renewable-diesel tractor (30-second 
smoothed window)

Tables 2, 3, 4 show the fuel economy (FE), FC, and FC relative 
difference of the experimental data for the medium-duty diesel 
conventional parcel delivery truck, the medium-duty hydraulic hybrid 
parcel delivery truck, and the day cab renewable-diesel tractor. The 
average FC relative differences are 7.41%, -5.31%, and -6.51%, 
respectively.



Table 2. FC and FE comparison for medium-duty diesel conventional parcel 
delivery truck (30-second smoothed window)

Table 3. FE and FC comparison for medium-duty hydraulic hybrid parcel 
delivery truck (120-second smoothed window)

Table 4. FE and FC comparison for day cab renewable-diesel tractor 
(30-second smoothed window)

Figures 5, 6, 7 demonstrate the parity plots of average FE and FC and 
relative difference for the medium-duty diesel conventional parcel 
delivery truck, the medium-duty hydraulic hybrid parcel delivery 
truck, and the day cab renewable-diesel tractor, together with 
coefficients of determination (R2) between the CAN broadcasted and 
fuel-scale measurements. The average FE and FC and relative 
differences showed on the plots are in agreement with the values in 
the above tables.

Figure 5. FE and FC parity plots between CAN-broadcasted and fuel-scale 
measurement for the medium-duty diesel conventional parcel delivery truck 
(30-second smoothed window)



Figure 6. FE and FC parity plot between CAN-broadcasted and fuel-scale 
measurements for the medium-duty hydraulic hybrid parcel delivery truck 
(120-second smooth window)

Figure 7. FE and FC parity plot between CAN-broadcasted and fuel-scale 
measurement for the day cab renewable-diesel tractor (30-second 
smoothed window)

Development of Model to Correct CAN-
Broadcasted Fuel Rates
Original equipment manufacturers provide data via the CAN using 
comprehensive algorithms, which take into consideration parameters 
such as vehicle speed, engine speed, distance, fuel volume used, and 
other factors [2]. Since the CAN measures FC via algorithms and not 
from actual fuel flow, there is inherent error in those calculations, as 
discussed previously. Models were developed to adjust the CAN fuel 
use to match the more accurate fuel use from gravimetric fuel scales.

The goal of the CAN fuel use correction method is to find a relatively 
simple and effective model. It follows that a correction model would 
include a combination of the original CAN-measured fuel rate, 
vehicle speed, vehicle acceleration, engine speed, engine oil 
temperature, and ambient temperature.

The calibration of the developed model included selecting the most 
effective input parameters. The top three best models were obtained 
when the correction models were expressed as the adjusted CAN FC 
rates as functions of the original CAN FC only; original CAN and 
vehicle speed; and original CAN, vehicle speed, and vehicle 
acceleration (equations 2, 3, 4).

Equation (2)

Equation (3)

Equation (4)

where CANadj is the adjusted CAN FC, CANorig is the original CAN 
FC, VehSpd is the vehicle speed, and VehAcc is the vehicle 
acceleration. The parameters a, b, c, and d are constant coefficients 
which are estimated by performing the least square method [5]. The 
coefficients for each vehicle are a unique set of number values.

To develop the CAN FC correction model, each of the test cycles was 
taken as a training cycle, and rest of them were used as testing cycles. 
The performance results of the correction models for the medium-
duty diesel conventional parcel delivery truck are summarized in 
Table 5. As observed from the mean FC relative differences, the 
model, including the original CAN, vehicle speed, and acceleration 
(equation 4) using CSHVC_03 as the training cycle, gave the best 
performance result with a mean FC relative difference of -0.06%. 
Overall, when applying different models and training drive cycles, the 
adjusted CAN FCs have noticeably lower relative differences (-3.55% 
to 2.63%) than those of the original CAN FCs (3.24% to 10.42%).

Table 5. Performance results of applying different correction models for medium-
duty diesel conventional parcel delivery truck (30-second smoothed window)

Figure 8 illustrates the comparison of the adjusted CAN FC against 
the original CAN FC and fuel-scale measurement for the medium-
duty diesel conventional parcel delivery truck when applying the 
optimal model (equation 4, using CSHVC_03 as the training cycle). 
The adjusted CAN FC line matches more closely to the fuel scale 
line. The breakdown of the FC relative differences of each drive cycle 



is shown in Table 6. By comparing Table 2 and Table 6, we can see 
that the FC relative differences are reduced dramatically when 
applying the optimal model (7.41% versus -0.06% mean difference).

Figure 8. Comparison of adjusted CAN fuel rates against original CAN fuel 
rates and fuel-scale measurement for the medium-duty diesel conventional 
parcel delivery truck (30-second smoothed window).

Table 6. Comparison of adjusted CAN FC against fuel-scale measurement for 
medium-duty diesel conventional parcel delivery truck when applying optimal 
model (30-second smoothed window)

Figure 9 shows the real-time fueling scatter plot of the adjusted CAN 
FC and fuel-scale measured use and the percent difference bins of 
example drive cycles. Figure 10 demonstrates the parity plots for the 
medium-duty diesel conventional parcel delivery truck. By comparing 
Table 2 with Table 6 and Figure 5 with Figure 10, we can see that the 
accuracy of the adjusted CAN FC was noticeably improved.

Figure 9. Real-time fuel rate parity plot between adjusted CAN FC and 
fuel-scale measurements and percent difference for the medium-duty diesel 
conventional parcel delivery truck (30-second smoothed window)

Figure 10. FE and FC parity plot between adjusted CAN FC and fuel-scale 
measurement for the medium-duty diesel conventional parcel delivery truck 
(30-second smoothed window)

In a similar way, Table 7 shows the performance results of the 
correction models for the medium-duty hydraulic hybrid parcel 
delivery truck. Including the original CAN fuel rate and vehicle speed 
(equation 3) and using HHV_04 as a training cycle, the model gave 
the best performance with a mean FC relative difference of 0.03%. 
Overall, when applying different models and training drive cycles, the 
adjusted CAN FCs have noticeably lower relative differences (-2.22% 
to 2.79%) than the original CAN FCs (1.31 % to 8.07%).

Figure 11 exemplifies the comparison of the adjusted CAN fuel rates 
against the original CAN fuel rates and fuel-scale measurement for 
the medium-duty hydraulic hybrid parcel delivery truck when 
applying the optimal model (equation 3 using HHV_04 as the 
training cycle). The adjusted CAN FC line matches the fuel-scale line 
more closely. The breakdown of the FC relative differences of each 
drive cycle is shown in Table 8. By comparing Table 3 with Table 8 
and Figure 6 with Figure 13, we can see that the FC relative 
difference was reduced noticeably when applying the optimal model 
(-5.31% versus 0.03% mean difference).



Table 7. Performance results of applying different correction models for medium-
duty hydraulic hybrid parcel delivery truck (120-second smoothed window).

Figure 11. Comparison of adjusted CAN fuel rates against original CAN fuel 
rates and fuel scale measurement for the medium-duty diesel conventional 
parcel delivery truck (120-second smoothed window).

Table 8. Comparison of adjusted CAN FC against fuel scale measurement for 
medium-duty hydraulic hybrid parcel delivery truck when applying optimal 
model (120-second smoothed window)

Figure 12 shows the real-time fueling scatter plot of the adjusted 
CAN FC and fuel-scale use and the percent difference bins of the 
example drive cycles. Figure 13 demonstrates the parity plots for the 
medium-duty hydraulic hybrid parcel delivery truck. By comparing 
Table 4 with Table 9 and Figure 6 with Figure 13, we can see that the 
accuracy of the adjusted CAN FC was noticeably improved.

Figure 12. Real-time fuel rate parity plot between adjusted CAN FC and 
fuel-scale measurement and percent difference for the medium-duty hydraulic 
hybrid parcel delivery truck (120-second smoothed window)



Figure 13. FE and FC parity plot between adjusted CAN FC and fuel scale 
measurement for the medium-duty hydraulic hybrid parcel delivery truck 
(120-second smoothed window)

Likewise, Table 9 presents the performance results of the correction 
models for the day cab renewable-diesel tractor. The simplest model 
(equation 2) using HHV_04 as the training cycle gave the best 
performance with a mean FC relative difference of 0.06%. Overall, 
the adjusted CAN FCs when applying different models and training 
drive cycles have noticeably lower relative differences (-1.77% to 
1.08%) than the original CAN FCs (-4.81 % to -7.37%).

Table 9. Performance results of applying different correction models for day 
cab renewable-diesel tractor (30-second smoothed window).

Figure 14 shows the comparison of the adjusted CAN fuel rates 
against the original CAN fuel rates and fuel-scale measurements for 
the day cab renewable-diesel tractor when applying the optimal 
model (equation 2 using COMMUT_09 as the training cycle). The 

adjusted CAN FC matches the fuel-scale measurement better. The 
breakdown of the FC relative differences of each drive cycle is shown 
in Table 10. By comparing Table 4 and Table 10, we can see that the 
FC relative difference was reduced noticeably when applying the 
optimal model (-6.51% versus 0.06% mean difference).

Figure 14. Comparison of adjusted CAN fuel rates against original CAN fuel 
rates and fuel scale measurement for day cab renewable-diesel tractor 
(30-second smoothed window).

Table 10. Comparison of adjusted CAN FC against fuel-scale measurement 
for the day cab renewable-diesel tractor when applying the optimal model 
(30-second smoothed window)



Figure 15 shows the real-time fueling scatter plot of the adjusted 
CAN FC and fuel scale use and the percent difference bins of 
exampled drive cycles, and Figure 16 demonstrates the parity plots 
for day cab renewable-diesel tractor. By comparing Table 4 with 
Table 10 and Figure 7 with Figure 16, we can see that the accuracy of 
adjusted CAN FC was remarkably improved.

Figure 15. Real-time fuel rate parity plot between adjusted CAN FC and 
fuel-scale measurement and percent difference for the day cab renewable-
diesel tractor (30-second smoothed window)

Figure 16. FE and FC parity plot between adjusted CAN FC and fuel-scale 
measurement for the day cab renewable-diesel tractor (30-second 
smoothed window)

Robustness Testing of the Correction Model
The training cycles of the correction models should be cycles that 
include a variety of drive characteristics, such as high speed, 
acceleration, idling, and deceleration. The training drive cycle was 
chosen by randomly selecting one test from each drive cycle, then 
adding them together. For example, for the medium-duty diesel 
conventional parcel delivery truck, the training drive cycle included 
the CSHVC_02, HHDDT_02, HHV_02 and NYC_02 drive cycles. 
Tables 11, 12, 13 show the performance results by applying the 
optimal correction models using multiple drive cycles as training 
data. The mean relative differences were reduced from 7.41%, 
-5.31%, and 6.51% to 0.84%, 0.33%, and -0.30% for the medium-
duty diesel conventional parcel delivery truck, the medium-duty 
hydraulic hybrid parcel delivery truck, and the day cab renewable-
diesel tractor, respectively.

Table 11. Comparison of adjusted CAN FC against fuel-scale measurement 
for the medium-duty diesel conventional parcel delivery truck when applying 
optimal model with multiple drive cycles as training data (30-second 
smoothed window)

Table 12. Comparison of adjusted CAN FC against fuel-scale measurement for 
medium-duty hydraulic parcel delivery truck when applying optimal model with 
multiple drive cycles as training data (120-second smoothed window)



Table 13. Comparison of adjusted CAN FC against fuel-scale measurement 
for day cab renewable-diesel tractor when applying optimal model with 
multiple drive cycles as training data (30-second smoothed window)

Summary
The CAN-broadcasted FC showed discrepancies with measurement 
using a precise gravimetric fuel scale. To use the easily acquired 
CAN-broadcasted FC with confidence, models were developed to 
correct the CAN-broadcasted fuel use. Calibration of the developed 
model included selecting the most effective input parameters and 
training drive cycles as training data. The top three best models were 
obtained when the correction models were expressed as the adjusted 
CAN FCs as functions of the original CAN FC only; the original 
CAN and vehicle speed; and the original CAN, vehicle speed and 
vehicle acceleration. The training data should be cycles that contain a 
variety of drive characteristics, such as high speed, acceleration, 
idling, and deceleration.

By applying the optimal correction models with multiple drive cycles 
as training data, the mean relative differences were reduced from 
7.41%, -5.31%, and 6.51% to 0.84%, 0.33%, and -0.30%, 
respectively for the three trucks investigated.

Future work should apply this methodology to a broader range of 
vehicle types.
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Definitions/Abbreviations
CAN - controller area network

FC - fuel consumption

FE - fuel economy

ReFUEL - Renewable Fuels and Lubricants
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