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The road to full driving autonomy is paved with good intentions: 
Reduce crashes, reduce deaths, reduce congestion, increase  
mobility. That is the bright future the industry is chasing. Like  
the evolution of any nascent technology, however, there have 
been glitches and misfires along the way. Even deaths.

The idea of self-driving cars has gar-
nered so much press that consumers can 
almost be forgiven for thinking the latest 
cars can drive themselves.

While it is true that many new vehi-
cles can assist drivers in performing cer-
tain tasks, such as maintaining following 
distance and lane centering, no car can 
handle every driving task on a full range of 
roads and conditions.

This special issue of Status Report is a 
follow-up to the November 2016 special 
issue on autonomous vehicles.

New IIHS research based on track tests 
and on-road experiences with Level 2 
driver assistance uncovers some of the in-
herent challenges with partial automation.

The deadly crash of a Tesla Model X 
on a California highway in March demon-
strates the limits of the technology and the 
propensity of some drivers to misuse it.

A HLDI analysis of Tesla insurance 
losses reveals benefits for the combined 
crash avoidance features on the Model S, 
while the benefit of adding “Autopilot” is 
limited to lowering collision claims.

The Uber crash in Arizona that took the 
life of a pedestrian in March shows the 
hazards of beta testing self-driving vehi-
cles on public roads. IIHS researchers ex-
plore how automatic emergency braking 
and better headlights might have helped 
prevent this tragedy.

Finally, a patchwork of state laws and 
voluntary federal policy guidelines lacks 
the safeguards needed to protect every-
one on the road as fully autonomous vehi-
cles are tested and eventually deployed in 
the U.S.  n
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Road, track tests to help IIHS craft ratings  
program for driver assistance features
O n-road and track tests are helping 

IIHS craft a consumer ratings pro-
gram for advanced driver assistance 

systems. Evaluations of adaptive cruise con-
trol and active lane-keeping show variable 
performance in typical driving situations, 
such as approaching stopped vehicles and 
negotiating hills and curves. The early re-
sults underscore the fact that today’s systems 
aren’t robust substitutes for human drivers.

One of the questions researchers looked 
to answer is, do the systems handle driving 
tasks as humans would? Not always, tests 
showed. When they didn’t perform as ex-
pected, the outcomes ranged from the irk-
some, such as too-cautious braking, to the 
dangerous, for example, veering toward the 
shoulder if sensors couldn’t detect lane lines.

Adaptive cruise control (ACC) main-
tains a set speed and following distance 
from the vehicle in front. It is designed to 
slow for cars ahead and can come to a full 
stop but may not react to already-stopped 
vehicles. ACC doesn’t react to traffic sig-
nals or other traffic controls. Active lane-
keeping provides sustained steering input 
to keep the vehicle within its lane, but driv-
ers must continue to hold the wheel.

On SAE International’s scale of zero auton-
omy to Level 5 full autonomy, the combina-
tion of ACC and active lane-keeping is Level 
2. They can assist with steering, speed con-
trol and following distance, but the human 
driver is still in charge and must stay on task.

“The new tests are an outgrowth of our 
research on Level 2 autonomy,” says Jessica 
Jermakian, IIHS senior research engineer. 
“We zeroed in on situations our staff have 
identified as areas of concern during test 
drives with Level 2 systems, then used that 
feedback to develop road and track scenar-
ios to compare vehicles.”

The 2017 BMW 5-series with “Driving 
Assistant Plus,” 2017 Mercedes-Benz E-
Class with “Drive Pilot,” 2018 Tesla Model 3 
and 2016 Model S with “Autopilot” (software 
versions 8.1 and 7.1, respectively) and 2018 
Volvo S90 with “Pilot Assist” were evaluated. 
All five have automatic emergency braking 
systems rated superior by IIHS.

Adaptive cruise control
Engineers evaluated ACC systems in four 
different series of track tests to see how 
they handle stopped lead vehicles and lead 
vehicles exiting the lane, and how the sys-
tems accelerate and decelerate. 

One series involved driving at 31 mph 
toward a stationary vehicle target with 
ACC off and autobrake turned on to eval-
uate autobrake performance.  Only the two 
Teslas hit the stationary target in this test.

The same test was repeated with ACC 
engaged and set to close, middle and far 
following distance in multiple runs.

With ACC active, the 5-series, E-Class, 
Model 3 and Model S braked earlier and 
gentler than with emergency braking and 
still avoided the target. The cars slowed 
with relatively gradual decelerations of 
0.2-0.3 gs, braking in the same manner no 
matter the distance setting. Braking before 
impact was earlier for the Teslas than for 
the 5 series and E-Class.

The S90 braked more abruptly than the 
other models with ACC active, similar to 

its autobrake performance. In the ACC test, 
the S90 braked at a forceful 1.1g, just 1.1 sec-
onds before impact to avoid the collision.

A third scenario involved following a lead 
vehicle that slows down to a stop and then 
accelerates. Every ACC system decelerated 
smoothly in this test.

A fourth scenario involved the test ve-
hicle following a lead vehicle, which then 
changed lanes to reveal a stationary inflat-
able target vehicle in the path ahead when 
the time to collision was about 4.3 seconds.

None of the vehicles crashed into the 
target, and the 5 series, E-Class and Teslas 
all braked earlier and gentler than the S90, 
similar to the active ACC test. 

Track tests are good for evaluating ca-
pability and performance in a controlled 
environment but not for assessing perfor-
mance in traffic. Under ideal conditions, 
advanced driver assistance systems may »  

Curves and hills can challenge active 
lane-keeping systems. The Tesla Model 3 
performed well in these on-road tests.
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“At IIHS we are coached to intervene 
without warning, but other drivers might 
not be as vigilant,” Jermakian says. “ACC 
systems require drivers to pay attention to 
what the vehicle is doing at all times and be 
ready to brake manually.”  

Unnecessary or overly cautious brak-
ing is an issue IIHS noted in the Model 3. 
In 180 miles, the car unexpectedly slowed 
down 12 times, seven of which coincided 
with tree shadows on the road. The others 
were for oncoming vehicles in another lane 
or vehicles crossing the road far ahead.

“The braking events we observed didn’t 
create unsafe conditions because the decel-
erations were mild and short enough that 
the vehicle didn’t slow too much. However, 
unnecessary braking could pose crash risks 
in heavy traffic, especially if it’s more force-
ful,” Jermakian says.

“Plus, drivers who feel that their car 
brakes erratically may choose not to use 
adaptive cruise control and would miss out 
on any safety benefit from the system.”

The outlook is promising for the poten-
tial safety benefits of ACC. The technolo-
gy is often bundled with forward collision 
warning and autobrake, and research by 
IIHS and HLDI has found crash-reduction 
benefits for these systems combined. A fed-
erally sponsored study found that driv-
ers using ACC have longer, safer following 
distances than drivers who don’t use ACC. 
Still, IIHS tests indicate that current ACC 
systems aren’t ready to handle speed con-
trol in all traffic situations.

cross the line on the inside of the curve in 
one trial. None of the other systems tested 
provided enough steering input on their 
own to consistently stay in their lane, often 
requiring the driver to provide additional 
steering to successfully navigate the curve.

The E-Class stayed within the lane in 9 of 
17 runs and strayed to the lane marker in 
five trials. The system disengaged itself in 
one trial and crossed the line in two. The 5 
series stayed within the lane in 3 of 16 trials 
and was more likely to disengage than steer 
outside the lane. The S90 stayed in the lane 
in 9 of 17 runs and crossed the lane line in 
eight runs.

When trying out new vehicles in hilly 
Central Virginia, home to the VRC, engi-
neers noted early on that advanced driver 
assistance systems that rely on seeing road 
markings to keep vehicles in their lanes 
were sometimes flummoxed by hills. As a 
vehicle crests a hill, the lane markers on the 
road beyond are obscured.

For the on-road tests, engineers mapped 
out a course that included three hills with 
different slopes. Drivers made six trial runs 
on each hill in each vehicle.

The E-Class stayed in its lane in 15 of 18 
trials and on the line in one trial, contin-
uously providing steering support without 
erratic moves when lane lines weren’t visi-
ble. The Model 3 also stayed in the lane in 
all but one trial, when it hugged the line. 

In contrast, the 5-series, Model S and S90 
struggled. The 5-series steered toward or 
across the lane line regularly, requiring driv-
ers to override the steering support to get 
it back on track. Sometimes the car disen-
gaged steering assistance on its own. The car 
failed to stay in the lane on all 14 valid trials.

The Model S was errant in the hill tests, 
staying in the lane in 5 of 18 trials. When 
cresting hills, the Model S swerved left and 
right until it determined the correct place 
in the lane, jolting test drivers. It rarely 
warned them to take over as it hunted for 
the lane center. The car regularly veered 
into the adjacent lanes or onto the shoulder.

When drivers intervened to avoid poten-
tial trouble, the active lane-keeping system 
disengaged. Steering assistance only re-
sumed after drivers re-engaged Autopilot.

The S90 stayed in the lane in 9 of 16 
trials. The car crossed the lane line in two 
trials and in four trials disengaged steer-
ing assistance when it crested hills but 

(« from p. 3)  function better than they do 
in more complex driving situations.   

A case in point is the stopped-vehicle 
ACC tests. On the track, the 5 series, E-
Class and Teslas braked to avoid the target 
vehicle. This was the case even though the 
owner’s manuals for all the test vehicles 
warn that ACC may not brake when it en-
counters vehicles that are already stopped 
when they come into sensor range.

Out on the road, engineers noted instances 
 in which each vehicle except the Model 3 

failed to respond to stopped vehicles ahead.
Jermakian recounts her experience with 

the E-Class on U.S. 33 near the IIHS-HLDI 
Vehicle Research Center (VRC). Traveling 
about 55 mph with ACC and active lane-
keeping engaged but not following a lead 
vehicle, the E-Class system briefly detect-
ed a pickup truck stopped at a traffic light 
ahead but promptly lost sight of it and con-
tinued at speed until she hit the brakes.

Active lane-keeping
Engineers focused on two situations that 
challenge active lane-keeping systems — 
curves and hills — in tests on open roads 
with no other vehicles around. They also ob-
served how the systems performed in traffic.

All five systems provide steering assis-
tance that centers the vehicle within clearly 
marked lanes. They also may use a lead ve-
hicle as a guide when traveling at lower 
speeds or when the lead vehicle is blocking 
the system’s view of the lane markers ahead.

To test active lane-keeping on curves, en-
gineers conducted six trials with each vehi-
cle on three different sections of road with 
radii ranging from 1,300 to 2,000 feet.

Only the Model 3 stayed within the lane 
on all 18 trials. The Model S was similar but 
overcorrected on one curve, causing it to 

IIHS can’t say yet which company has the 
safest implementation of Level 2 driver 
assistance, but it is important to note 
that none of these vehicles are capable of 
driving safely on their own. A production 
autonomous vehicle that can go anywhere, 
anytime isn’t available at the local car 
dealer and won’t be for quite some time.
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Fatal Tesla crash highlights  
risks of partial automation
T he  deadly crash of a Tesla Model X on 

a Mountain View, Calif., highway in 
March demonstrates the operational 

limits of advanced driver assistance systems 
and the perils of trusting them to do all of 
the driving, even though they can’t.

A Tesla Model X struck a barrier in Mountain 
View, Calif., on U.S. Highway 101 where lanes 
diverge. The driver had used “Autopilot” for  
nearly 19 minutes before his fatal crash.

Photo courtesy of S. Engleman

out, the SUV began a left steering move-
ment into the paved gore area dividing the 
main travel lane from an exit ramp. At 4 
seconds out, the Tesla was no longer fol-
lowing the lead vehicle. At 3 seconds out, 
the SUV accelerated from 62 mph to 70.8 

automatically re-engaged when the system 
once again detected the markings.

One issue drivers noted among some of 
the vehicles was a propensity to follow a 
lead vehicle into the exit lane in slow-mov-
ing traffic, even though the driver intended 
to stay the course. When a car is traveling 
too slow to track lane lines, active lane-
keeping systems use the vehicle in front as 
a guide. If the lead vehicle exits, the trailing 
car might, too. 

The evidence for safety benefits of active 
lane-keeping systems isn’t as pronounced 
as for ACC. Still, the potential to prevent 
crashes and save lives is large. IIHS re-
search shows that preventing lane-depar-
ture crashes could save nearly 8,000 lives in 
a typical year (see Status Report, May 20, 
2010). Lane-departure warning systems 
are associated with an 11 percent reduc-
tion in the rates of single-vehicle, side-
swipe and head-on crashes of all severities 
and a 21 percent reduction in the rates of 
injury crashes of the same types (see Status 
Report, Aug. 23, 2017).

More research before ratings
IIHS continues to run track and on-road 
tests as it moves toward a consumer rating 
system for advanced driver assistance sys-
tems. Apart from questions about whether 
the systems perform as drivers expect, 
one of the many factors to consider is how 
much of the driving task can safely be 
handed over to technology without drivers 
checking out altogether?

“Designers are struggling with trade-
offs inherent in automated assistance,” says 
David Zuby, IIHS chief research officer. “If 
they limit functionality to keep drivers en-
gaged, they risk a backlash that the systems 
are too rudimentary. If the systems seem 
too capable, then drivers may not give them 
the attention required to use them safely.”

Real-world crashes involving vehicles 
with Level 2 automation demonstrate the 
matter isn’t settled.

“We’re not ready to say yet which compa-
ny has the safest implementation of Level 
2 driver assistance, but it’s important to 
note that none of these vehicles is capable 
of driving safely on its own,” Zuby says. “A 
production autonomous vehicle that can 
go anywhere, anytime isn’t available at your 
local car dealer and won’t be for quite some 
time. We aren’t there yet.”   n

The driver, Walter Huang, had used the 
“Autopilot” feature continuously in the 
final 18 minutes and 55 seconds before his 
car crashed into a highway divider, the Na-
tional Transportation Safety Board (NTSB) 
stated in its preliminary report.

The system gave Huang two visual alerts 
and one auditory alert to place his hands on 
the wheel during this period. In the final 6 
seconds before impact, his hands weren’t 
detected on the wheel, and the Tesla didn’t 
make any emergency braking or steering 
maneuvers to avert the crash.

The Model X had been following a lead 
vehicle and traveling in the second lane 
from the left at about 65 mph 8 seconds 
before the crash, the NTSB report states. 
Traffic-Aware Cruise Control was set to 75 
mph on the 65-mph highway. At 7 seconds 

mph before slamming into the barrier at 
about 71 mph. The Model X rotated coun-
terclockwise, collided with two other cars 
and caught fire. Huang died of his injuries.

The circumstances are similar to a Sep-
tember 2017 single-vehicle crash in Hay-
ward, Calif., involving a Model S operating 
on Autopilot. The car struck a lane-sepa-
rating divider on U.S. Highway 92 and sus-
tained damage similar to what occurs in 
the IIHS passenger-side small overlap front 
crash test. The driver was uninjured.

IIHS test drives of the Model S on public 
roads suggest Autopilot may be confused » 




