
INTRODUCTION
Determining the speed of a vehicle at impact may be an 
important factor when determining the severity of a vehicle 
impact. Understanding how fast a vehicle will idle forward with 
the transmission engaged, foot off the brake and without 
application of the accelerator may be applicable to vehicle 
impacts commonly associated with heavy or stop-and-go 
traffic, right turn contacts with pedestrians, parking lot 
accidents, impaired or unconscious drivers or any other 
situation where a vehicle idles into an object.

Maximum accelerations for passenger vehicles are a frequently 
referenced vehicle performance parameter [1, 2, 3, 4, 5]. 
“Normal” or nominal accelerations from a stop have also been 
investigated [6, 7, 8]. However, very little published data is 
available regarding the speeds of passenger vehicles while 
idling forward with the automatic transmission engaged and no 
accelerator pedal application.

Some anecdotal references to vehicle idle speeds have been 
reported in event data recorder (EDR) related research. One 
such paper [9] included graphs showing a 2011 Toyota Camry, 
a 2010 Toyota 4Runner and a 2011 Toyota Prius had relatively 
constant “In ‘Drive,’ moving at idle speed” of approximately 8 to 
9 km/hr (5.0 to 5.6 mph). The specific idle speed was not 
stated in the paper and is only displayed graphically in an 
Appendix.

Idle testing by Rast, et al [10] utilized ten sedans, three sport 
utility vehicles and one minivan over level ground with the 
engines “warm.” Peak and average acceleration were 
measured with a Valentine Research G-Analyst and maximum 
speed was measured with a Laser Technology LTI 20/20 laser 
speed gun. After the vehicle obtained maximum speed as 
measured by the LTI20/20, the vehicle was stopped. Across all 
vehicles, mean forward acceleration was 0.029 G's+/− 0.009 
G's (mean +/− SD). Mean maximum forward speed was 3.5 
mph. Peak and average acceleration correlated poorly with 
engine size and vehicle weight with correlation coefficients 
ranging from 0.15 to 0.42.

The most comprehensive compilation of vehicle idle speed 
tests were conducted and presented by Reust [11]. This study 
used 18 different vehicles, ranging from a 4-cylinder Toyota 
Prius to a Pumper type Detroit Diesel Fire Truck. Average level 
surface accelerations were found to be between 0.025 to 0.029 
G's for the first 10 feet of motion. Level surface maximum 
speeds were 4.8 to 9.6 km/hr (3.0 to 6.0 mph) and were 
obtained after approximately 9.1 meters (30 feet) of travel. The 
author attempted to correct for uphill and downhill grades by 
several different methods including Grade Acceleration, 
Combined Acceleration, and Sum Acceleration and ultimately 
concluded that the “best method to determine speed is actual 
testing.” [12]
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TEST METHODOLOGY
The current study tested the idle speed of 23 passenger 
vehicles in three different roadway locations. Nine sedans, 
twelve SUVs and two pickup trucks were tested (Table 1). All 
vehicles were equipped with automatic transmissions.

Testing was conducted at three public roadway locations in the 
greater Long Beach, California area. The locations represented 
different roadway slope conditions: a nominally flat roadway 
surface [4], a medium sloped roadway surface, and a high 
sloped roadway surface. Each of the test locations were 
surveyed and the average slope over the total travel distance 
was utilized. All surfaces consisted of worn asphalt. Table 2 
contains a description of the roadways and the slopes and 
grades for each. The range of atmospheric conditions for the 
tests were 51.1 to 82° F, 29.83 to 30.27 in Hg (sea level 
pressure) and 34 to 73% humidity. All tests were conducted 
with the air conditioning in the off position.

Table 1. Test vehicles

Table 2. Roadways and the average slope for total travel distance

Each vehicle was tested at least 4 times at each location, with 
at least 2 tests in the positive slope direction (uphill) and at 
least 2 tests in the negative slope direction (downhill), for a 
total of at least 12 tests on each vehicle. A start and end point 
for each location was predetermined. For each individual test 
the vehicle started in a stopped position with the brake 
engaged. Once data logging was initiated, the driver's foot 
disengaged the brake and did not depress the accelerator. The 
vehicle traveled the length of the roadway indicated in Table 2 
while the engine idled.

Vehicle displacement and speed were recorded using a 
Racelogic VBOX III. The VBOX III collects data at 100 Hz, with 
speed reported to be accurate to 0.1 km/h (0.06 mph) [13]. The 
approximate engine temperature and any special conditions 
were noted for each test. Engine idle speed (RPM) was not 
reported as many of the vehicles tested were not equipped with 
a tachometer. Additionally, absent an EDR download, engine 
RPM is not a parameter that is typically known in the context of 
accident reconstruction.

RESULTS
A total of 290 tests were performed. All data collected were 
filtered with a 6th order Butterworth filter with a 5 Hz cut-off in 
accordance with published GPS data filtering requirements 
[14]. The results of the tests were plotted and analyzed. With 
respect to the tests conducted on flat ground, no significant 
difference between the different directions of travel was found, 
and thus data were combined from both travel directions for the 
flat ground group.

Flat Ground Tests
Figures 1 and 2 show the complete speed versus distance 
plots for the flat condition for sedans and SUVs/pickups, 
respectively. For most vehicles, steady-state velocities were 
reached after approximately 100 feet of travel on the flat 
condition. Using the average speed between 100 and 400 feet 
as steady-state, steady-state speed for sedans was 5.0 +/− 
1.48 mph (mean +/− SD) and for SUVs/pickups was 4.71 
+/− 0.75 mph.

Figure 1. Sedan Speed v Distance for flat ground
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Figure 2. SUVs/Pickups Speed v Distance for flat ground

It can be seen in Figures 1 and 2 that some of the vehicles 
continued to accelerate and did not reach a steady-state travel 
speed in the 500 feet of travel. One of the sedans (Hyundai 
Elantra) that did not reach a steady-state speed actually shifted 
into second gear while traveling on the flat surface, as can be 
seen in the traces in Figure 1. However, for those vehicles not 
reaching a steady-state travel speed, statistical tests showed 
that these data were not considered outliers, and thus were 
included in the analysis.

Visual examination of the data collected on flat ground 
indicated an approximately bi-linear relationship between 
vehicle speed and distance traveled. The rate of speed 
increase was initially rapid and then became less as the 
vehicle approached an approximately steady-state speed. This 
type of relationship is similar to a first order step response. 
Accordingly, a first-order step response descriptive model was 
developed, taking the form of Equation 1:

(1)

Where:

vv = velocity of the vehicle (mph)

d = vehicle distance traveled (feet)

A = constant (mph)

D = constant (feet)

From a theoretical standpoint the A value is the vehicle's 
steady-state speed, while the D value corresponds to the 
distance traveled prior to reaching steady-state speed. 
Increasing the value of D results in prolonging the distance 
required to reach steady state-speed.

The mean and upper and lower boundary of the 95th percent 
confidence interval (mean +/− 2 SD) for speed was determined 
at 1 foot increments for all conditions, with test data from the 
same vehicles averaged for each condition prior to determining 
the statistical bounds.

In the accident reconstruction context, vehicle idling 
characteristics are typically of most interest over the initial 20 
feet of distance traveled. Accordingly, the means and 
confidence intervals were modeled for the first 20 feet of travel. 
Modeling constants A and D in Equation 1 were iterated to 
maximize the R2 value for the data set modeled. This resulted 
in an R2 value of 0.94 or greater. The roadway slopes of the up 
and down slope conditions are reported in Table 3 for the first 
20 feet of vehicle travel upon which the models were based.

Table 3. Equation 1 constants and R2 for first 20 feet of travel on flat 
ground

Figures 3, 4, 5 contain the test data and model results for the 
first 20 feet for sedans, SUV/pickups, and then all vehicles 
combined, respectively. Table 4 contains the applicable A and 
D constants for these data.

Figure 3. Sedan Speed v Distance for flat ground - model with upper 
and lower bounds

Figure 4. SUV/Pickup Speed v Distance for flat ground - model with 
upper and lower bounds
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Figure 5. Combined Speed v Distance for flat ground - model with 
upper and lower bounds

Table 4. Equation 1 constants and R2 for first 20 feet of travel on flat 
ground

Figures 6 and 7 depict the modeled functions in the 
acceleration versus distance domain for the first 20 feet of 
travel. In order to convert the functions, Equation 2 was used 
and discrete average accelerations were determined over one 
foot segments. As shown in the figures, the acceleration initially 
rises very quickly before decreasing to near zero.

(2)

Where:

av = vehicle acceleration 

v1 = velocity at step1 

v2 = velocity at step2 

dstep = length of step (feet)

Figure 6. Sedan Acceleration v Distance for flat ground

Figure 7. SUV/Pickup Acceleration v Distance for flat ground

Medium and High Slope Tests
The data for the medium and high slope test conditions were 
analyzed similarly to that for flat ground. Appendix A contains 
the data plots for the entire distance traveled for each 
condition. Appendix B contains the data with the confidence 
intervals and model results and Appendix C contains tables of 
the constants for the bounding equations of each sloped test 
condition.

DISCUSSION
The kinematic responses of various sedans, SUVs, and pickup 
trucks while idling from a stop were measured for 3 roadway 
conditions (flat, medium slope, and high slope). An analytical 
model was developed for the first 20 feet of travel, with data 
and mathematical relationships for sedans, SUV/pickups and 
all vehicles combined reported separately. The mathematical 
model quantified the idle velocity versus distance profiles for 
tested flat and sloped roadway surfaces.

There was no indication the distribution in the datasets was not 
normal. Although there was some difference between the data 
from the sedans and that from the SUVs/pickups, this 
difference was not found to be statistically significant. The 
range of average acceleration and velocity found in the current 
study were found to be similar to what has been previously 
reported [9, 10, 11].

An attempt was made to adjust the flat data equations for 
roadway slope and the adjusted model was compared to the 
results from the medium and high slope tests. The adjustment 
involved adding the proportion of gravitational acceleration, 
based on the slope of the roadway, to the flat ground 
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acceleration-distance relationship. The resulting velocity was 
then determined in a manner similar to numerical integration. 
This approach was determined to be unsuitable. The adjusted 
model tended to underestimate the measured speed while 
traveling upslope and overestimate the measured speed when 
traveling downslope. This is consistent with the findings of 
Reust [11], and indicates that parameters in addition to 
gravitational acceleration play a role in idle speed variation on 
sloped versus level surfaces.

CONCLUSIONS 
•	 The first 20 feet of vehicle idle travel was adequately 

modeled as a first-order step response for flat and sloped 
roadway surfaces. 

•	 The steady-state speed for sedans was 5.0 +/− 1.48 mph 
and for SUVs/pickups was 4.71 +/− 0.75 mph. 

•	 Typically vehicles continued to accelerate beyond the first 
20 feet of travel for the flat roadway slope condition. 

•	 The flat roadway model could not be corrected for slope 
based on the gravitational contribution alone. This indicates 
that parameters in addition to gravitational acceleration play 
a role in idle speed variation on sloped versus level surfaces
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APPENDIX

APPENDIX A

Figure A1. Sedan Speed v Distance for medium down slope - complete data set

Figure A2. Sedan Speed v Distance for medium up slope - complete data set
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