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Abstract HDM4 developed by Worldbank is the calculation software which is widely
used in estimating various costs such as highway construction cost and vehicle operating
cost (VOC). The necessary data such as weather condition, traffic volume, running speed,
road curvature and road gradient should be input to calculate fuel consumption in HDM4.
In conventional HDM4 calibration, calibration factors are determined by the average fuel
consumption which has been measured for various vehicles for long period. The vehicles
which are released after the calibration factors are determined or those with new technology could be low in terms of fuel consumption. This paper has proposed a fuel consumption testing method for quick and easy determination of the calibration factors in
HDM4 VOC calculation. The calibration for the fuel consumption of HDM4 is performed
by measuring fuel consumption for round trips on two flat and straight roads at several
steady speeds for a short period. By this calibration method the factors for driving resistance ranged from 0.13 to 0.30. Latest cars are lower than HDM4 models in terms of
tractive resistance and power loss with more efficient fuel economy. Therefore, it appears
that the calibration factors would further decrease over time. In case of HDM4, however,
separate calibration factors are not provided for aerodynamic resistance. Therefore, it is
reasonable to regard that the difference in aerodynamic resistance has been reflected to the
two calibration factors.
Keywords HDM  Fuel consumption  HDM calibration  Fuel economy  Traction
resistance
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1 Introduction
As the world becomes stricter on CO2 emissions, fuel economy improving technology has
dramatically developed. The sales of Hybrid or electric vehicles have been on the rise even
though a demand for them is not so strong yet. Therefore, it is necessary to calibrate fuel
consumption on new vehicles more frequently. For this, instead of performing a fuel
consumption test for a long time in consideration of diverse conditions, it is required to
carry out the test in a simple and fast manner. Therefore, it appears that the test method
proposed in this paper would be effective.
To calculate fuel consumption which accounts for a big portion in VOC using the
HDM4 program, it is necessary to determine two calibration factors (rolling resistance
calibration factor, calibration factor for total engine and accessories power) for the characteristics of road and vehicles [1]. After comparing the fuel consumption measured
through the test with the fuel consumption calculated through HDM4 before calibration
factors are determined, then the proper calibration factors should be set to get the two
values matched each other.
In case of HDM4, necessary information such as weather condition, traffic volume,
running speed, road curvature and road gradient should be input to calculate fuel consumption. The calibration factors that should be determined to calculate of fuel consumption are rolling resistance calibration factor (Kcr2) and calibration factor for total
engine and accessories power (Kpea). Therefore, the calibration for fuel consumption of
HDM4 can be performed even though a fuel consumption test is conducted while the
factors which have nothing to do with the two factors (rolling resistance, engine and
accessories power loss) are set aside. In other words, calibration can be easily done without
the whole vehicle test over time to measure average fuel consumption changes depending
on weather condition, traffic volume, road gradient or curvature.
This paper has proposed a fuel consumption testing method for quick and easy determination of these calibration factors. The calibration for the fuel consumption of HDM4 is
performed by measuring fuel consumption with round trips on two flat and straight roads at
several steady speeds for a short period. If tested on flat and straight two types of roads
(round trip), fuel consumption changes by road gradient, curvature and wind direction can
be removed. In addition, fuel consumption changing factors by weather condition (temperature, humidity, rainfall, snowfall) can be eliminated by conducting a test for a short
period of time. And fuel consumption changing factors by traffic volume can also be
removed by measuring fuel consumption at several speed levels. In this paper, three
passenger cars (small, mid and large) with large market share in Korea have been chosen.
After driving on two flat and straight roads with different surface roughness at 40–100 km/
h, fuel consumption was measured. Based on the test results, the fuel consumption component of HDM4 has been calibrated.

2 Related Work
2.1 HDM4 Fuel Consumption Model
In HDM4, fuel consumption is calculated based on the fact that fuel is consumed to
generate engine output power which is necessary to maintain running speed as shown in
Eq. (1) below [2]:
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ð1Þ

where IFC instantaneous fuel consumption (mL/s), Idle_Fuel rate of fuel consumption
during idle (mL/s), ZETA fuel-to power efficiency factor (mL/kW/s), PTOT total power
requirement for steady-state motion (kW), dFuel additional fuel consumption factor due to
acceleration noise.
In case of heavy traffic or traffic congestion, the fuel consumption during idle becomes
the final fuel consumption. If fuel consumption during driving is high, the fuel consumption necessary to maintain running speed would be the final fuel consumption value.
In Eq. (1), total engine requirement (PTOT) is the sum of tractive resistance and engine
and accessories power loss. In general, tractive resistance consists of rolling resistance,
aerodynamic resistance, acceleration resistance, gradient resistance and curvature resistance. In case of cruise driving on a flat and straight road as in this study, tractive resistance
would be the sum of rolling resistance and aerodynamic resistance.
Rolling resistance is estimated based on road roughness and type of tire while aerodynamic resistance is determined based on aerodynamic resistance coefficient, frontal area
of vehicle and running speed. In addition, engine and accessories power loss is estimated
based on the fact that it increases in proportion to engine RPM. The equation which is used
to calculate tractive resistance, engine and accessories power loss, fuel consumption and
the default coefficients of small, mid and large passenger cars in HDM4 are summarized in
Table 1.
Even during cruise driving, speed variation occurs on the road due to interaction with
other vehicles or a driver’s distraction. The irregular repetition of acceleration and
deceleration even during a cruise causes increase in fuel consumption [3]. To consider this
increase in fuel consumption, ‘dFuel’ is included in the Eq. (1). In most passenger cars, it
ranges from 0.09 to 0.12 at 60–100 km/h. The fuel consumption is higher by about 10 %
compared to the fuel consumption during a cruise [4].

2.2 Calibration Procedure of HDM4 Fuel Consumption Model
HDM4 calculates fuel consumption necessary to generate engine output power against
tractive resistance and engine and accessories power loss. The final rolling resistance and
engine and accessories power loss are calculated by multiplying rolling resistance and
engine and accessories power loss by calibration factors in order to reflect the characteristics of road and vehicles. To determine these calibration factors, average fuel consumption is measured under diverse conditions by driving various vehicles on the road for
a long time. Then, the two calibration factors are determined to adjust the calculated values
to the calculated ones by HDM4. Specifically, calibration factors which minimize the
difference between the calculated values by HDM4 before calibration and test result (sum
of square of errors: SSE) are determined using ‘least sum of square of errors’ [5].
The names of the two calibration factors which are aimed to calculate the fuel consumption of HDM4 are Kcr2 (rolling resistance calibration factor) and Kpea (calibration
factor for total engine and accessories power). The default values for the both factors are
1.0 before calibration. If the value after calibration is \1.0, fuel consumption decreases
because both rolling resistance and engine and accessories power loss become lower. If the
value is [1.0, resistance and fuel consumption increases accordingly. Therefore it’s
important to set the right values for these factors to calculate accurate fuel consumption by
HDM4.
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FA

FTR

PTR

PTOT

ZETA

IFC

SFC

60
0.067

PRAT: maximum rated power (kW)

ZETAB: base fuel-to-power efficiency factor (mL/kW/s)

PTOT = PTR/EDT ? PENGACC

1.2
1.1
0.40
1.8
1000

RHO (air density) (kg/m3)

CDmult (aerodynamic drag coefficient multiplier)

CD (aerodynamic drag coefficient)

AF (vehicle projected frontal area) (m2)

WGT_OPER: operating weight (kg)

FA = 0.5 * RHO * CDmult * CD * AF * V2

FA: aerodynamic resistance (N)

FTR = FA ? FR

FTR: total resistance to steady-state motion (N)

PTR = FTR * V/1000: tractive power

PTR: tractive power to overcome resistance (kW)

EDT: drive train efficiency

0.9

80

PCTPENG: percentage of total power of engine and accessories

PTOT: total power requirement for steady-state motion (kW)

0.25

EHP: decrease in engine efficiency factor

ZETA = ZETAB * (1 ? EHP * (PTOT - PCTPENG * PENGACCS/100)/PRAT)

ZETA: fuel-to-power efficiency factor (mL/kW/s)

IDLE_FUEL: idle rate of fuel consumption (mL/s)

IFC = MAX [IDLE_FUEL, ZETA * PTOT * (1 ? dFUEL)]
0.25

SFC = 1000 * IFC/V; V (m/s)

IFC: instantaneous fuel consumption (mL/s)

HDM4 default value
Small

SFC: specific fuel consumption (mL/km)

HDM4 fuel consumption specification

Table 1 HDM4 fuel consumption specification

1200

1.9

1400

2.1

0.45

1.1

1.2

0.9

0.067

90

80

0.25

0.48

Large

962

0.42

1.1

1.2

0.9

0.067

70

80

0.25

0.36

Mid
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FR

HDM4 fuel consumption model

Table 1 continued

Wheel dia.: diameter of wheel = 0.60 (small and mid); 0.66 (large) (m)

Wheel no.: number of wheel = 4

CR_B_a1, CR_B_a0, CR_B_a2: model coeff. = 37/0.064/0.012

b13 (coefficient related to aerodynamic) = CR_B_a2 * wheel no./wheel dia.2

b12 (rolling resistance parameter) = CR_B_a1/wheel dia.

b11 (rolling resistance parameter) = CR_B_a0 * wheel dia.

RI (international roughness index) = 2.38 (road A)/6.23 (road B) (m/km)

TD (pavement texture depth) = 3 mm

CR_CR2_a2 (rolling resistance model parameter) = 0.022 (for all passenger cars)

CR_CR2_a1 (rolling resistance model parameter) = 0.022 (for all passenger cars)

CR_CR2_a0 (rolling resistance model parameter) = 0.9 (for all passenger cars)

Kcr2 (rolling resistance calibration factor)

CR2 = Kcr2 * (CR_CR2_a0 ? CR_CR2_a1 * TD ? CR_CR2_a2 * RI)

CR1 (tire type dependent coeff. of rolling resistance) = 1.0 (small)/1.0 (mid)/1.0 (large)

PCTDW (percentage of water covered)

PCTDS (percentage of snow covered)

FCLIM (climatic adj. factor) = 1 ? 0.003 * PCTDS ? 0.002 * PCTDW

FR = FCLIM * CR2 * (b11 * wheel no. ? b12 * CR1 * weight ? CR1 * b13 * V2)

FR: rolling resistance (N)
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PENGACCS

HDM4 fuel consumption model

Table 1 continued
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RPM100: engine speed calculated at 100 km/h = RPM_a0 ? RPM_a1 * 27.8 ? RPM_a2 * 27.82

RPM_a0, RPM_a1. RPM_a2: model parameter = 2280 rpm/17 rpm/(m/s)/0.83 rpm/(m/s)2 (small and mid); 1709/7.16/0.99 (large)

RPM: engine speed = RPM_a0 ? RPM_a1 * Vp ? RPM_a2 * V2

c = -IDLE_FUEL

b = ZETAB * Kpea * PRAT

a = ZETAB * EHP * Kpea2 * PRAT * (100 - PCTPENG)/100

PACCS_a1: model parameter = {-b ? (b2 – 4 * a * c)1/2}/(2 * a)

PACCS_a0: ratio of drag to power at 100 km/h = 0.2

RPM_IDLE: idle engine speed = 800 rpm

PRAT: maximum rated power (kW) = 60 (small); 70 (mid); 90 (large)

Kpea: calibration factor for total engine and accessories power

PENGACCS = Kpea * PRAT * [PACC_a1 ? (PACCS_a0 - PACCS_a1) * (RPM - RPM_IDLE)/(RPM100 - RPM_IDLE)]

PENGACCS: engine and accessories friction power loss (kW)
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Table 2 Characteristics of test vehicles
Model

Small (i30)

Mid (NF Sonata)

Large (Grandeur TG)

Manufacturer

Hyundai

Hyundai

Hyundai

Transmission

Automatic

Automatic

Automatic

Model year

2009

2008

2008

Mileage (km)

20,000

60,000

70,000

Engine displacement (cc)

1591

1998

2656

No. of cylinder

L4

L4

V6

Rated power

124 ps/6200 rpm

144 ps/6000 rpm

259 ps/6200 rpm

Fuel

Gasoline

Gasoline

Gasoline

Certified fuel economy
(km/L)

13.8

10.8

10.6

HDM4 vehicle class

Passenger small

Passenger medium

Passenger large

Picture

For calibration of the fuel consumption component of HDM4, it is necessary to fix
rolling resistance and total engine and accessories power calibration factors. The calibration factor can be easily determined by measuring fuel consumption on a flat and
straight road because calibration procedure for road gradient and curvature is not available
in HDM4. The gradient and curvature calibration are performed in other test procedure, i.e.
the whole road test and it takes very long time for various vehicles. Since fuel consumption
can change by atmospheric conditions such as temperature and humidity, in addition, it is
necessary to perform a test for a short period under averaged weather conditions to get
more accurate calibration factors [6].
In reality, furthermore, running speed can change depending on traffic volume. If speed
changes, fuel consumption changes as well. Therefore, calibration factors can be easily set
by repeating a cruise on a flat and straight road at several speed levels. The fast and

Table 3 Characteristics of test roads
ID

Pavement

Average IRI
(m/km)

Length
(km)

Speed limit
(km/h)

Test speed
(km/h)

Ambient temperature and
humidity

A

Asphalt

2.38

0.68

60

40, 60, 80,
100

10–15 C
65–75 %

B

Asphalt

6.23

0.59

60

40, 60, 80,
100
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Fig. 1 LCD displaying the fuel consumption and test vehicle driven on the test road

convenient fuel consumption test which is aimed to set calibration factors can be proposed
as follows:
• Measure fuel consumption on two flat and straight roads having different surface
roughness.
• Measure fuel consumption under annual mean temperature and humidity conditions for
a short period of time.
• Measure fuel consumption while cruising at several speed levels.
To perform the fuel consumption test mentioned above, fuel consumption while cruising
at 40, 60, 80 and 100 km/h was repeatedly measured for three Korean passenger cars
[small (1600 cc), mid (2000 cc) and large (2700 cc)] having high market share in Korea on
two flat and straight roads with different surface roughness.

3 Test Procedure and Discussion
3.1 Measuring Fuel Consumption
Three passenger cars and two straight roads were chosen for calibration tests of fuel
consumption. The vehicle and road characteristics are described in Tables 2 and 3.

Table 4 Measured fuel consumption data (averaged for round trip)
Test road

Speed (km/h)

Measured fuel consumption (mL/km)
Small (1600 cc)

Mid (2000 cc)

Large (2700 cc)

40

46.5

50.8

73.0

60

44.5

43.3

51.3

80

50.3

51.0

57.3

100

61.8

61.0

62.5

40

49.5

53.5

75.0

60

47.0

46.5

53.5

80

53.5

53.5

64.0

100

68.5

65.5

71.0

A

B
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Table 5 Calculated fuel consumption with HDM4 (calibration factors are set 1.0, i.e. without calibration)
Test road

A

B

Speed (km/h)

Estimated fuel consumption (mL/km)
Small (1600 cc)

Mid (2000 cc)

Large (2700 cc)

40

104.3

127.0

148.2

60

91.2

108.8

126.9

80

94.1

109.9

128.1

100

106.7

122.3

141.8

40

106.0

128.9

150.2

60

93.2

110.9

129.1

80

96.4

112.4

130.6

100

109.5

125.3

144.8

Average IRI (m/km)

2.38

6.23

According to HDM4’s classification of vehicles, the three test vehicles are small (1600 cc),
mid (2000 cc) and large (2700 cc) passenger car categories each. The default vehicle
characteristic coefficients in HDM4 such as frontal area, maximum horse power and
vehicle weight were used unchanged. Because it’s not easy to get the accurate data of
vehicle specification for the manufacture’s policy, the default values were used. Then, the
difference of fuel consumption were minimized by these two calibration factors mentioned
above.
The two test roads are flat and straight with 1.2–1.4 km in terms of mileage for round
trip. The international roughness index (IRI) was 2.38 and 6.23 m/km each. These roads
are good to measure fuel consumption while cruising at four speed levels (40, 60, 80 and
100 km/h) thanks to the low traffic volume. The test was conducted in May under the
average annual mean temperature (12 C) and humidity (70 %) conditions [7].
The fuel consumption (mcc) was measured at 1 MHz of sampling speed with a
flowmeter connected to the inlet and outlet of fuel pump. All tests were performed eight
times, and the mean excluding both maximum and minimum values has been taken as the
final values. For the test, there was only one person (driver) per vehicle. The impact of
wind direction and slight road gradient has been eliminated through a round-trip drive [8].
The measured fuel consumption can be checked in realtime basis through the LCD
display, and the related data are saved in a personal computer. Figure 1 shows the fuel
consumption display and test drive.

3.2 Results of Test and HDM4 Calculation
The measured fuel consumption is summarized in Table 4. The minimum value was
observed at 60 km/h. The fuel consumption increases as road roughness and engine volume is higher. The fuel consumption measured on two flat and straight roads for round trip
with three passenger cars (small, mid and large) ranged from 43 to 75 mL/km. You can see
it’s very high fuel economy value of 13–23 km/L converted to the usual unit (km/L). The
road and driving conditions make the fuel economy high, i.e. there’s no gradient resistance,
curvature resistance for the flat and straight roads and the acceleration resistance is also
zero for the steady vehicle speed.
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To calculate fuel consumption with before calibration, the calibration factor for Kcr2
and Kpea was set to default value of 1.0 while road gradient and curvature were set to 0.
These values are default ones in HDM4. After inputting standard coefficients provided by
HDM4 for vehicle characteristics, mean fuel consumption has been calculated, and the
results were summarized in Table 5. Just like the road test result, minimum fuel consumption was observed at 60 km/h. However, the calculated values ranged from 91 to
150 mL/km, about twice greater than measured fuel consumption. It means that the calculated fuel consumption is higher than measured value. Therefore, the calculated values
of tractive resistance and engine and accessories power loss are larger than they really are.
Therefor the calibration factors should be less than ‘1.0’ to get the actual value of the road
test result in the HDM4 calculation with these conditions.
If fuel consumption is calculated using HDM4 without calibration, the calculated fuel
consumption is about twice greater than the fuel consumption measured while cruising on a
flat and straight road as shown in this paper. The characteristics of the vehicles used in
HDM4 (frontal area, vehicle weight and aerodynamic resistance coefficient) are disadvantageous compared to the characteristics of actual vehicles in terms of fuel economy.
Recently, many cars are streamlined by decreasing aerodynamic resistance coefficient and
frontal area. In addition, vehicle weight has been reduced to improve fuel economy. The
fuel-power conversion factor titled ‘ZETA’ in HDM4 modeling should be used in order to
calculated fuel consumption which is necessary to generate engine power enough to cover
tractive resistance and engine and accessories power loss. Somewhat high value could be
used in HDM4 (for example, for small passenger cars, default value of ZETA is 0.07 mL/
kW/s). The test vehicles used in this study ranged from 2008 to 2009 in terms of model
year with high fuel economy (10–13 km/L). In particular, the large passenger car (2700 cc)
shows 10.6 km/L in terms of certified fuel economy. Therefore, it appears that these
vehicles have characteristics which are advantageous in fuel economy compared to the
default characteristics and fuel-power conversion factors of the vehicles used in HDM4. In
other words, the vehicle specifications used in HDM4 doesn’t fit latest vehicles for fuel
economy. Therefore, the calculated fuel consumption tends to be greater than measured
fuel consumption. That’s why it is necessary to calibrate fuel consumption for latest cars
more often.
The calibration factors are determined based on the average fuel consumption measured
for various vehicles for a long time in the conventional HDM4 calibration procedure. The
vehicles released after the calibration procedure and those applied with new technology
could be low in terms of the number of vehicles. However they can decrease the calibration
factors of HDM4. In Korea, for example, gasoline direct injection (GDI) technology is
applied to most gasoline cars released in 2011. This new technology can improve fuel
economy by about 10 % [9]. In addition, variable geometry turbo (VGT) technology has
been widely applied to diesel cars to improve fuel efficiency. As CO2 emissions-related
laws become stricter, engine has been downsized by reducing engine displacement and the
number of cylinders. As a result, fuel consumption would further decline. It is also
expected that the number of hybrid and electric cars would increase. Therefore, it would be
necessary to perform calibration tests more often to calculate accurate HDM4-based fuel
consumption.
It’s reasonable to partially correct the calibration factors through an analysis on the
percentage of the new vehicles after calibration procedure with a simple fuel consumption
test for new vehicles as proposed in this study.
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3.3 Discussion of the Calibration Results
The calibration factors minimizing the difference between measured fuel consumption
values and calculated ones are shown in Table 5. In a small passenger car, for example,
Kcr2 and Kpea are 0.30 each. In mid and large passenger cars, they are 0.13 and 0.17,
respectively. The mid and large cars are greater than a small car in terms of the fuel
consumption calculated by HDM4. It means that the calibration factors should be lower in
mid and large cars. In fact, these calibration factors are lower than the usual calibration
factor levels [10]. As mentioned above, latest vehicles showing high fuel economy have
been used for the test. It’s the reason for the smaller calibration factors.
Because calibration factors ranged from 0.13 to 0.30, rolling resistance and engine and
accessories power loss were 13–30 %, compared to the default specifications used in
HDM4. As mentioned above, latest cars are lower than HDM4 default models in terms of
tractive resistance and power loss thanks to efficient fuel economy characteristics. It
appears that the calibration factors would further decrease over time as the high-tech
applies to the vehicles. In case of HDM4, however, separate calibration factors are not
provided for aerodynamic resistance. Therefore, it is reasonable to see that the difference in
aerodynamic resistance has been reflected to the two calibration factors [11].
SSE is the difference between measured fuel consumption and calculated fuel consumption. SSE in the Table 6 is generally high, ranging from 17 to 37 mL/km for the
classes of the test vehicles [12]. In particular, the highest value of SSE is observed in the
large passenger car because the large car used in this test is as efficient as 10.6 km/L of
certified fuel economy. In order for a large car to reach this level of fuel economy, a variety
of fuel economy improving technologies, for example, light material, streamlining design,
should be applied. In this case, the default vehicle models used in HDM4 make the fuel
consumption calculation inaccurate [13]. That’s why the calibration procedure should be
performed more often and you need a simple and economic calibration test procedure.
As mentioned above, this paper is aimed to propose a test method for calibration factors
of vehicle operating cost component in HDM4. The test should be performed in a short

Table 6 Results of calibration for fuel consumption
IRI (m/km)

2.38

6.23

Calibration Factor

Speed
(km/h)

Small passenger

Medium passenger

Large passenger

Measured

Calibrated

Measured

Calibrated

Measured

Calibrated

40

46.5

51.8

50.8

52.9

73.0

66.7

60

44.5

46.4

43.3

46.3

51.3

56.9

80

50.3

50.5

51.0

50.0

57.3

60.0

100

61.8

60.7

61.0

60.1

62.5

70.6

40

49.5

52.3

53.5

54.9

75.0

68.9

60

47.0

46.9

46.5

47.6

53.5

58.5

80

53.5

51.1

53.5

50.9

64.0

61.3

100

68.5

61.5

65.5

60.8

71.0

71.7

Kcr2
Kpea

SSE (mL/km)

Fuel consumption (mL/km)

0.30
0.30
20.6

0.13
0.17
16.8

0.13
0.17
37.3
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period of time. It would be appropriate to cruise at four speed levels on two flat and straight
roads eliminating road gradient, curvature and acceleration-caused tractive resistance.
In addition, fuel economy has significantly being improved recently. Because modern
vehicles can be different from the default vehicle model in HDM4, it is necessary to
perform calibration more frequently. Therefore, the fuel consumption test proposed in this
paper seems effective (Fig. 2).

4 Conclusions
The two calibration factors for rolling resistance and engine and accessories power loss
should be determined for the road and vehicle conditions to calculate fuel consumption
taking a great portion in VOC with HDM4. A simple and economic fuel consumption
measurement test method for the calibration factors is proposed in the study.
HDM4 provides only two calibration factors for fuel consumption component. They are
for the rolling resistance coefficients (Kcr2) and engine and accessories power loss coefficients (Kpea). And there’s no calibration factors for the road gradient and road curvature.
The calibration factors can be easily determined if the fuel consumption is measure on flat
and straight roads because it’s not necessary to consider road gradient and curvature. In
addition, it is proper to perform the calibration test for a short period under averaged
weather conditions as the fuel consumption can change with regard to atmospheric temperature and humidity. In reality, furthermore, running speed can change by traffic volume.
If speed changes, fuel consumption changes as well. Therefore, calibration factors can be
easily set by repeating a cruise on a flat and straight road at several speed levels.
According to calibration of the fuel consumption for the three Korean passenger cars
(small, mid and large) with the proposed test method, rolling resistance calibration factor
(Kcr2) is 0.17–0.30 while the calibration factor for total engine and accessories power
(Kpea) ranged from 0.13 to 0.30. The rolling resistance is 17–30 % and engine and
accessories power loss is 13–30 % of the default values after calibration. It means that the
fuel consumption calculated by HDM4 has significantly decreased for the smaller two
calibration factors fixed by simple and quick fuel consumption test method.
SSE, the difference between measured fuel consumption values and calculated ones
after calibration, ranges from 17 to 37 mL/km. In particular, the highest value of SSE is
observed for the large passenger car. It’s for the large car used in this test is as efficient as
10.6 km/L in terms of certified fuel economy. A variety of fuel economy improving
technologies should be applied in order for a large car to reach this level of fuel economy.
In addition, SSE is high even after calibration. That’s why it is necessary to perform the
calibrate fuel consumption test for latest vehicles more frequently.
As CO2 emissions-related laws become stricter around the world [14], so many new
technologies such as GDI, VGT and engine downsizing have been developed and applied
to modern vehicles. Therefore, it tends to decrease in fuel consumption rate over time. It is
also expected that the number of hybrid and electric cars would increase. Therefore, it
would be necessary to perform calibration test more frequently to calculate accurate
HDM4-based fuel consumption.
It’s reasonable to partially correct calibration factors through an analysis on the percentage of new vehicles after determining calibration factors through a simple fuel consumption test on new vehicles as proposed in the study.
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