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Tests of the ACC radar system in traffic conditions
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The article discusses the construction and principle of operation of the adaptive
cruise control system (ACC). The elements constituting an integral part of the ACC
system were described, starting with the sensors and ending with the active safety sys-
tems such as ABS and ESP. The location of the elements was presented and their coop-
eration ensuring the proper operation of the ACC system was characterised. Road tests,
which were conducted for the purposes of this paper, were used to verify the behaviour
of a vehicle equipped with the ACC system during a test drive, braking, stopping and
accelerating the vehicle. The system’s behaviour while driving the vehicle around a
curve behind another vehicle and the response of the system to cutting in by an overtak-
ing vehicle was tested.
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1. Introduction

Development of the automotive technology is driven to a great extent by the
progress in the field of electronics and IT. Comprehensive passive and active
safety systems as well as comfort systems can be implemented owing to the
progress in the field of microprocessor technology. Systems, which have been
developed and implemented in vehicles include: anti-lock braking system (ABS)
(ABS) [10], acceleration slip regulation (ASR) system, electronic stability pro-
gramme (ESP) [2, 11], cruise control, pyrotechnic airbag systems and safety belt
pre—tensioner systems, vision systems etc. These systems could be invented and
fulfil all expectations owing to rapid microprocessor systems performing com-
plex calculations in real time. The analysis of signals from sensors carried out in
a sufficiently short time allows the control of appropriate executive elements.
Owing to this, it is possible to prevent hazardous road incidents, minimise nega-
tive effects of incidents, which have already taken place, and raise the travelling
comfort of the driver and the passengers.

One of the systems which gains more and more popularity is the radar speed
control system called ACC (Adaptive Cruise Control). This system is responsi-
ble for maintaining the speed set by the driver, including the maintenance of the
required distance from vehicles ahead.
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The test of vehicle systems related to traffic is difficult to carry out in labora-
tory conditions. In such situations, it is necessary to carry out appropriate tests in
traffic conditions. Then, it is possible to test (while maintaining due care) the
effectiveness of the given system |3, 5].

The paper presents tests aimed at demonstrating the usefulness of the active
speed control system and indicating dangers related to its operation [8, 9].

2. Principle of operation of the ACC system

A driver, while activating the adaptive cruise control (ACC) can set the
maximum driving speed and the distances from the vehicle ahead. Other func-
tions such as switching of the system from the traditional cruise control to the
automatic speed adjustment, acceleration, deceleration and braking are activated
automatically.

The most important element of the ACC system is the radar measuring unit
(Fig. 1). It is responsible for the determination of distances from objects in the
direct vicinity of the vehicle and their speeds. The ACC system is not an
autonomous system. It also uses the signals that are necessary for the correct
and safe maintenance of speed and distance from other systems, constituting
part of the vehicle’s equipment. The information, which the ACC system uses,
includes: [1, 7] (Fig. 1):

the vehicle speed (wheel rotation speed sensors),

— the acceleration or the delay (acceleration sensor),
— the steering angle (steering angle sensor),
— the vehicle’s rotary movement (lateral acceleration sensor).

On top of this, the controller which controls the operation of the cruise con-
trol takes into consideration the settings made by the driver, introduced by
means of a set of indicators and operating elements. These include:

— the maximum vehicle speed,
— the distance from the vehicle ahead.

Based on the read values, the system calculates the operating parameters of
the system and sets the vehicle’s speed by applying the appropriate engine
torque. Such a possibility is created by control systems of engines with positive
ignition (PI) and compression ignition (CI). In the former ones, we can distin-
guish the EGAS (Electronic Glow Adjustable Switch) system and MOTRONIC
ME7 while in the diesel engines — EDC controller (Electronic Diesel-Control)
[4, 6]. If a significant reduction in speed is necessary, the braking system is
activated without the driver’s intervention (via the ESP system). This is a par-
ticularly useful solution in vehicles provided with the automatic gear box. The
control system of the automatic gear box provides important information about
the present power/torque ratio.
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Fig. 1. Construction of the adaptive cruise control system (ACC) [1]: 1 — radar ACC system unit,
2 — engine controller, 3 — braking system including the ESP, 4 — combined indicator and ACC
system operating element board, 5 — wheel rotation speed sensors, 6 — automatic gear box control-
ler (optional), 7 — steering angle sensor

The cooperation of both systems mentioned above is presented in Figure 2.
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Fig. 2. Structure of the ACC system

The vehicle braking process can be completed in two modes, by means of:

— the active braking force amplifier — electronic control of the brake pedal,

— the hydraulic brake adjuster — control of pressure in the braking system by
adjustment of electronic braking pump and hydraulic solenoid valve of the
ABS/ESP system.

Connection of the ACC system with the automatic gear box allows bringing
the vehicle to a complete stop, and in certain solutions, when the halt does not
last longer than several seconds, a repeated drive is possible. In the case of a
longer stop, it is necessary to activate the system again, using an appropriate
push button.
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3. Tests in traffic conditions
3.1. Description and purpose of the tests

Tests aimed at determination of the actual behaviour and response time of
the ACC system were conducted in traffic conditions [5, 6]. The tested system
was the system manufactured by TRW (3C0O 907 567 M) installed in the pas-
senger car — Volkswagen Passat 2.0 TDI with the body type: estate — equipped
with the automatic gear box. The system was tested in several typical situations
(i.c. the slowing down of the vehicle behind another vehicle in various speed
ranges). Tests involving the halting of the vehicle were carried out, including an
attempt at detection of a standing obstacle. While following another vehicle,
tests regarding the response of the system at sudden cutting in by an overtaking
vehicle were carried out. The tests were presented in the form of time runs of
such signals as:

— the vehicle’s speed,

— the distance from the vehicle ahead,

— the acceleration or the delay of the vehicle,
— the difference in speed between the vehicles.

3.2. Driving with the activated ACC system

The first test was aimed at presentation of the operation of the ACC system
while moving on a road with the speed of about 50 km/h. Figure 3 presents the
runs of the selected parameters recorded by the ACC controller. One of the most
important parameters was the distance from the vehicle ahead.
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Fig. 3. Runs of vehicle speed, distances from the vehicle ahead, difference in speed
and acceleration during a test drive
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At the initial stage (up to the time of 40 seconds), the vehicle gained speed
until the said speed was finally set. Then, (for 10 seconds) the radar did not de-
tect any vehicle and the system set the permanent acceleration up to the speed of
50 km/h. After a while, a vehicle was detected and the speed decreased rapidly
(braking process), after which acceleration and following behind the vehicle
which moved away by 40 m took place. Upon reaching the time of 90 seconds,
the driver engaged the brake and deactivated the ACC system.

3.3. Speed reduction and vehicle halting

Results of the tests (in the form of time runs) of the vehicle’s behaviour dur-
ing the reduction of speed from 50km/h to 30km/h are presented in
Figure 4. The ACC system was activated at the ninth second of the measure-
ment. The acceleration characteristics demonstrated that the default value of
acceleration at that moment (amounting to 2.919 m/s* by default, when the
adaptive cruise control system is not active) decreased rapidly almost to zero.
By the time of reaching the 15 second, the vehicle gained speed up to the pre-
viously set 50 km/h (the speed indicated by the speed meter is always higher by
several percent than the speed read by a diagnostic device). After 20 seconds,
the vehicle which was at a distance of 80 m was detected. At that point, the
system also determined the difference in speed between the vehicles (about 20
km/h). The controller of the ACC system initiated the process of slowing down
by engine braking. After about 35 seconds, the speed was compensated. The
47" second marked the halting of the vehicle ahead. This caused the setting of a
big delay (3.6 m/s°) in the “tracking” vehicle, resulting from the engagement of
the braking system. The vehicle was brought to a halt after 52 seconds, main-
taining a spacing of about 4 m.
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Fig. 4. Runs of vehicle speed, distances from the vehicle ahead, difference in speed
and acceleration during the deceleration process
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3.4. Driving around a curve

Another tests consisted in the observation of the ACC system behaviour
while following another vehicle on a winding road. The recorded time runs are
presented in Figure 5.
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Fig. 5. Runs of vehicle speed, distances from the vehicle ahead, difference in speed
and acceleration while driving behind another vehicle around a curve

The vehicle speed set during the test was 50 km/h. In the first section of the
chart (up to the time of reaching the eighth ) we can observe as the vehicle ahead
was reached and the speed was reduced to about 40 km/h. After 8 s, the distance
from another vehicle decreased rapidly to zero. This is the point where the road
curve began. Because of the fact that the road curve angle was too big, the radar
did not detect any object. Despite this, the speed did not change. It is only after
the curve ended (information from the steering angle sensor) that after about 15
seconds, the vehicle sped up slightly (by about 2 km/h) and detected an object
moving with a lower speed in front of itself. As a consequence of this, the vehi-
cle slowed down (when 22 s pass by) and then followed the vehicle ahead. Upon
the time of 29 s the vehicle ahead stopped, which caused the stoppage of the
vehicle equipped with the active ACC system.

3.5. Slowing down and following of a vehicle

In the next part of the tests, the behaviour of the vehicle with the active ACC
system after detecting a vehicle ahead moving with the lower, fixed speed was
analysed. The test was conducted twice for various final speeds: 20 km/h (Fig. 6)
and 15 km/h (Fig. 7). The initial speed was about 50 km/h. In both cases, after 3
seconds, the ACC system was activated. After 8 seconds, a vehicle which moved
with a lower speed, was detected.
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Fig. 6. Vehicle deceleration from 50 km/h to 20km/h including speed compensation

While comparing Figures 6 and 7, it is possible to notice differences in the
distance at which the vehicle ahead was detected. This is 35 m and 53 m respec-
tively. This difference results from different traffic and weather conditions dur-
ing which the tests were carried out.
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Fig. 7. Vehicle deceleration from 50 km/h to 15km/h including speed compensation

In the first case, due to a smaller distance, the response of the ACC system
was more decisive. Rapid braking with a delay of 2 m/s” took place. In the sec-
ond case, the delay amounted to about 1.5 m/s>. After roughly 15 s of the first
test, and 20 seconds of the other, the vehicle speeds were compensated (the
speed difference was equal to zero) and the vehicles moved at a constant set
distance.
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3.6. Bringing of the vehicle to a halt before an obstacle

As well as the possibility of maintaining the speed and adapting it to the
speeds of slower vehicles, the adaptive cruise control systems can also bring the
vehicle completely to a halt. This refers to cars with the automatic gear box. In
accordance with the manual, the manufacturer of the tested system does not pro-
vide for the possibility of recognition of objects that do not move, such objects
are ignored.

While testing the adaptive cruise control system, an attempt was made to stop
the vehicle before a non—-moving obstacle (Fig. 8 and Fig. 9). In order to avoid
dangerous situations, the first test was carried out at a minimal speed that can be
set in the ACC system (30 km/h).
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Fig. 8. Bringing of the vehicle moving with the speed of 30 km/h to a halt before
a stationary vehicle
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Fig. 9. Bringing of the vehicle moving with the speed of 50 km/h to a halt before
a stationary vehicle
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While analysing the runs shown in Fig. 8, it is possible to notice that before
the time of 5 seconds passed by, the vehicle moved with a constant speed, and
then detected an object located at a distance of 50 metres. At that moment, the
process of vehicle deceleration and braking took place until the vehicle was
brought to a complete halt.

In the next test, the speed of the moving vehicle was increased to 50 km/h. In
this case, after the ACC system was activated (at 3 seconds), the vehicle moved
with the constant speed and did not detect any objects (Fig. 9). At 10 seconds,
the driver initiated the emergency braking process in order to avoid a crash.

The tests were repeated for different set distances between the vehicles.
This did not bring any change — the vehicle never stopped.

3.7. Cutting in by an overtaking vehicle

The last test was aimed at checking the behaviour of the system at the mo-
ment of sudden appearance of an obstacle. Such a situation could occur, for in-
stance, when an overtaking vehicle cuts in before the vehicle provided with the
ACC system, which is overtaken. Figure 10 presents the recorded runs. It is pos-
sible to observe that at the time of 12 seconds while moving with the speed of
100 km/h, the distance from the vehicle ahead decreased rapidly from 119 me-
ters to about 10 meters. In order to avoid the collision of the vehicle, the ACC
system responded immediately by reducing the engine torque (engine braking —
delay of about 1 m/s®). As the distance between the vehicles started to increase
and the difference in speed started to decrease (until the speed compensation),
the system reduced the delay to zero.
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Fig. 10. Driving on the expressway and cutting in by another vehicle (overtaking)
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4. Summary

The analysed adaptive cruise control system can be activated with the mini-
mum set speed equal to 30km/h. As a result of the conducted tests,
a conclusion was drawn that the system allowed following another vehicle,
which moved with the speed lower than 30 km/h. It was also noticed that the
ACC system could bring the vehicle to a halt. This was possible in vehicles pro-
vided with the automatic gear box.

While driving around a curve behind a vehicle that moved slower than the set
speed, the ACC system tended to ,lose” the vehicles ahead because of the lim-
ited width of the radar beam. However, such a situation did not result in the ac-
celeration to a pre—set speed. The system maintained the existing speed and ac-
celerated only after the road curve ended.

It was noticed that the distance in which the radar system detected other ob-
jects, depended, to a great extent, on the traffic conditions (road topology,
weather conditions) as well as the driving speed and the set distance. During the
tests, the smallest distance at which the system detected an object was 35 m
(Fig. 6), and the longest one was about 110 m (Fig. 10).

In principle, the adaptive cruise control system cannot detect stationary vehi-
cles on the road. However, it was noticed during the tests that, for
a minimum set speed (30 km/h), the system detected a stationary object and
brought the vehicle to halt before it (Fig. 8). When moving with the speed higher
than (50 km/h), the system did not respond (Fig. 9)

During the test for cutting in by the overtaking vehicle, the ACC system re-
sponse was correct. Initially, it caused a delay to increase the distance to the
vehicle ahead and then its aim was to maintain the set distance.

The conducted tests confirmed the usefulness of the adaptive cruise control
system, which has a positive effect on the comfort and safety of travelling.
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