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INTRODUCTION

OVERVIEW: Recently, there has been an increase in the practical application
of ACC (adaptive cruise control) systems, which measure the following
distance to the preceding vehicle by radar and automatically maintain an
appropriate following distance, and lane keeping systems, which recognize
lanes using vision sensors and keep the vehicle from deviating from the
lane. Current systems are based on the premise of highway driving, but in
the future, we can expect that these systems will come to be used on regular
roads as well, in pursuit of even greater safety and comfort. Achieving this
goal will require advancements in various related fields, including: (1)
technologies for accurately recognizing the environment surrounding the
vehicle; (2) technologies for controlling the vehicle’s speed by controlling
engine, transmission, and brake operations; and (3) technologies for
controlling vehicle dynamics. In “vehicle dynamics control,” driving
dynamics information is passed between various components via an on-
board network. Services are gradually being developed to analyze and utilize
this driving dynamics information based on ITs (see Fig. 1). Hitachi, Ltd. is
developing three types of sensor technologies for recognizing the conditions
around the vehicle: millimeter wave radar, vision sensors, and sensor fusion.
The company is also developing technologies for controlling the vehicle’s
movements, as well as driving recorder technologies for analyzing vehicle
dynamics control information (physical values recorded in the driving
recorder that express the vehicle’s behavior) and diagnosing driving
conditions and drivers’ characteristics, and services that apply these
technologies.

systems), which establish links between vehicles and

IN the automotive field, universities, automobileroadd- 2. The aim of these systems is to improve
manufacturers, and others have been conductirdyiving safety and comfort through the use of
research and development in ASV (advanced safeigformation communications and control technologies.
vehicle) and AHS (advanced cruise-assist highway Autonomous driving is the ultimate form of vehicle
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Fig. 1—Vehicle Control Systems and
Information Systems.
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Fig. 2—Development of Vehicle Dynamics Control Systems.  Fig. 3—Configuration of Vehicle Dynamics Control Systems and
Vehicle dynamics control systems are expected to evolve as a Information Systems.

result of developments in vehicle dynamics control technologied/arious types of businesses can be developed by linking vehicle
actuators, and sensors for recognizing the vehicle's surroundinglynamics control systems and information systems.
environment, as well as links with information systems.

dynamics control system, but there are many issuessarrounding environment, and service business
be overcome before it will be possible to entirelytargeting driver support through the use of vehicle
replace highly intelligent human driving behaviorsdynamics control technologies and driving dynamics
with computer control, and this can be expected tmformation.
take some time.

Fig. 2 is a graphic illustration of the developmentVEHICLE DYNAMICS CONTROL SYSTEMS
of vehicle dynamics control systems, with drivingElemental Technologies That Support Vehicle
safety on the x-axis, and comfort/convenience on thBynamics Control
y-axis. Up to now, laser radar and millimeter wave Three main technologies will be required to achieve
radar have already been developed as sensors fffective vehicle dynamics control:
measuring following distance; collision warning (1) technologies for recognizing the external driving
systems and adaptive cruise control systems usimgvironment;
these technologies have already moved into th@) vehicle control technology; and
practical application stage. Lane keeping systems thé&) actuator technology.
recognize lanes using vision sensors are also being Furthermore, it will be necessary to construct
used in practical applications. In the future, we camehicle dynamics control systems that conform to the
expect to see collision avoidance systems, as well aglividual sensibilities of each driver.
systems that will detect a risk of collision before they Hitachi Group companies are working to develop
occur and reduce speed at collision if the collision itsethese technologies by utilizing technologies in an
cannot be avoided. Advanced driving support systemmitegrated framework, and through joint development
which offer increased driving comfortability by activities with outside manufacturers.
incorporating external infrastructures, navigation, and Fig. 3 shows the conceptual configuration required
forms of information, are also expected to enter thio make vehicle dynamics control systems a reality.
practical application phase. In the very near future, As an environmental recognition sensor, Hitachi
the development of these systems may very well brinigas developed a new millimeter wave radar that links
about the arrival of an era in which autonomous drivings own original microwave semiconductor technology
systems that were once the stuff of science fictiowith a signal processing technology created by Eaton
stories are well within our reach. VORAD Technologies, L.L.C. of the United States.

Here, we will discuss vehicle dynamics control andHitachi is also developing a vision sensor for
information systems, as well as sensor technologieaitomotive applications that makes use of the image
that are installed in vehicles to recognize theecognition technologies and semiconductor
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technologies that it has cultivated through experienc ol ——_—

in industrial applications and other fields. RF module (with built-in yaw rate sensor)

Furthermore, the company is working to develof

sensor fusion technologies that will enable sensing

combining vision sensors and millimeter wave radai
For vehicle control, Hitachi is developing vehicle

control technologies that control the engine

transmission, and brakes based on the principle

wheel torque management. By using wheel torqu : s —

management, the company succeeded in achievil 03 Weight: 0.55 kg

vehicle acceleration and deceleration as required, Wil voltage controlled «—

a lesser dependency on vehicle type complianc: oillator

Adaptive cruise control systems using this vehicle

control technology have already been released to thgy. 4—internal View of Millimeter Wave Radar and MMIC.

commercial market. Hitachi achieved greater compactness and lighter weight
Regarding the actuator, Hitachi has completethrough the use of a newly developed MMIC.

development of an electronically controllable brake

booster, and, in terms of future technologies, is

currently developing an electric mechanical brake that Japan, the U.S., and Europe, and applying signal

satisfies high-level environmental and safetyrocessing to the reflected waves that are received.

requirements. Hitachi has developed a compact radar that
transmits and receives millimeter waves and calculates

Vehicle Dynamics Control and Information the distance and azimuth in a singleniEig. 4 shows

Systems the internal construction of this radar as well as the

In this way, various types of driving information MMIC (microwave monolithic IC).
are gathered together within the vehicle dynamics The radar is comprised of an RF (radio frequency)
control segment, which centrally manages the vehiclefsodule for transmitting and receiving millimeter
behavior. This driving information is analyzed usingwaves and a signal processing circuits for handling
ITs, making it possible to introduce new services byhe beat signals in the IF (intermediate frequency)
developing technologies for predicting drivingband. The signal processing circuits detect the peak
situations and executing vehicle control in keepingignal of targets using FFT (fast Fourier transform)

with the driver’s preferences. processing, and then define the target using various
types of filter processing. The radar also selects targets

ON-BOARD ENVIRONMENTAL in the host lane by combining vehicle speed signals

RECOGNITION SENSORS with signals from the yaw rate sensor built into the

Environmental recognition sensors designed tanit.
correctly recognize the driving lane, obstacles around The dual frequency continuous wave method,
the vehicle, and the preceding vehicle that the drivawvhich has been adopted for modulation, utilizes time-
is trying to follow are essential to the development oflivision switching between two frequencies in a
vehicle dynamics control systems. Here, we wilharrow band region (approximately 300 kHz) centered
discuss the millimeter wave radar and vision sens@round 76.5 GHz. This enables close-range detection
that Hitachi is currently focusing its energies onfrom a distance of one meter, and allows applications
developing and marketing, as well as sensor fusioin ACC as well as stop and go systems. This system

which combines these two elements. also features increased robustness against interference
with other millimeter wave radars. For angle detection,

Millimeter Wave Radar in order to increase reliability during on-board

Features operations, Hitachi adopted a monopulse method that

Millimeter wave radar measures distance, speedpes not require a scanning mechanism. This method
and azimuth in reference to a target object, by emittingses a stereovision perspective based on two receiving
76-GHz band radio waves (millimeter waves), whichantennas to measure the target azimuth. A unique
have been allocated for automobile radar applicatiorfeature of the monopulse method is that the antenna
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size decreases as the detection angle increases, t
enabling simultaneous detection of multiple target:
across a broad angle range.

The MMIC module employs a_single cavity Image processing
structure for low cost manufacturing to house ¢ board
dielectric interconnecting sheet and four MMIC chips
consisting of a 76-GHz VCO (voltage controlled
oscillator), a power amplifier, and two receivers. I
also incorporates numerous new technologies -

Video chip (dedicated LSl) 'Mage

including a hermetically sealed MMIC construction, data

a resonator to reduce phase noise in the sign Image VideoIF [*—| Camera
. . . . processing $ board

generator, and a filtering lid to prevent internal

T 1 Address
processing

¥

interference — which serve to increase botl Rs232C
performance and reliabili#y

With the development of these technologies
Hitachi has achieved radar performance with i
horizontal azimuth detection range of°1énd a CAN
maximum detection distance of over 120 m.

Histogram
processing

Image processing boar d

Future developments
Plans call for the recently developed millimeter — ge memoy comole @«
wave radar to first be commercially released as AR BlE i S
i X . | SDRAM: synchronous dynamic random access memory
following distance warning sensor for trucks being
driven in Japan by professional drivers, and later to be

installed in trucks operating overseas, as well agg' S—External View and Block Diagram of Vision Sensor
. . . . oth high-speed processing and versatility have been assured
passenger vehicles in Japan. Hitachi also plan

R . . S Ilgrough the use of a video chip and SH-3 microcomputer.
expand applications to include wide beam short-range

radar for rear and side detecfibn

Vision Sensor processing and versatility by sharing functions
Features between these two proces$ars

The vision sensor recognizes the driving lane, the
preceding vehicle, and other targets by applying sign&xpansion into the U.S.
processing to the image of the road ahead The commercial version of Hitachi's lane
photographed by the CCD (charge coupled device) secognition vision sensor was designed based on a
other types of cameras. Hitachi has developed @emise of recognition functions on highways in Japan,
miniature vision sensor for recognizing the abovewhich have comparatively clear lane markings, but in
mentioned targets, which has been adopted as a lam&ler to enable applications in the U.S., which has a
recognition sensor for the lane keeping system ihigh demand for lane departure warning systems, it
Nissan Motor Co., Ltd.'s sedan-type vehicle. Fig. Bvas necessary for the system to recognize lane
shows an external view of this product, along with anarkings other than white lines.
block diagram. Specifically, in California, the U.S., raised

The hardware consists of a camera board and aavement markers called “Botts Dots” have been laid
image processing board. The photographed imageas many roads (see Fig. 6). It order to detect the slight
converted into a digital format by the camera boardjifference in level between the road and the Botts Dots,
and is then sent to the image processing board. Thee recognition value extracted as the road edge points
image processing board is equipped with a dedicatedust be lowered considerably in comparison to
LSI (large-scale integration): video chip for high-speedraditional white line processing. This lower value,
image processing (60 MHz/pixel) and a 32-bit Hitachhowever, resulted in a larger noise component. To
SH series microcomputer for lane recognition an@liminate this noise, Hitachi developed a new lane
other applications, and achieves both high-speedark recognition algorithm that calculates the edge
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— the company’s two key sensor types — and to
achieve recognition of the preceding vehicle.
Millimeter wave radar can correctly measure distance,
speed and azimuth in relation to the preceding vehicle
even under adverse weather conditions, such as rain
or fog. Due to its narrow field of view (2@r less),
however, millimeter wave radar has a tendency to be
late in detecting cut-in vehicles, and on roads with tight
curves, the preceding vehicle sometimes falls outside
of the radar’s field of view even when it is within the
host lane.

The vision sensor, on the other hand, not only
detects the preceding vehicle and other objects across
a broad field of vision, but can also detect flat targets
such as lanes or road shapes. Visions sensors, however,
have difficulty in measuring relative speed and distance
from the target with a high degree of accuracy.

The newly developed sensor fusion algorithm uses

EE——— o _ the difference between the two sensors'’ fields of view
(&) el e (E)] LemelaBhr e Ot e — when the preceding vehicle falls within the field of

(a) Sourceimage

view of the millimeter wave radar, the radar measures
Fig. 6—Recognition of the US’s “Botts Dots” Lanes. the distance and azimuth, and at the same time the
Hitachi has developed a new algorithm for recognizing Botts ~ pattern of the preceding vehicle as measured by the
Dots lanes. radar is recognized as the preceding vehicle by the

vision sensor. After this, when the preceding vehicle

moves outside of the radar’s field of vision, the system
point angle in advance, and uses this information fdracks the preceding vehicle recognized by the vision
recognition. Figs. 6 (a)—(d) show examples of Bottsensor. In regions where sensing by both radar and

Dots recognition using this algoritifin vision sensor is possible, even in one of the sensors
loses track of the preceding vehicle, the other sensor
Future developments acts as a backup, enabling improved reliability in

Regarding the vision sensor, concurrent with theecognition (see Fig. 9)
improvements in performance described above, there Vehicle dynamics control systems are expected to
has been a growing demand for even more compaetolve from current ACC systems designed mainly for
size and lower cost. To respond to these demandmnvenience into safety-oriented pre-crash systems that
Hitachi has been promoting further development in eeduce collision speed, and then into collision
number of related areas, including the selection of avoidance systems. In keeping with these develop-
CMOS (complementary metal-oxide semiconductorjnents, we can expect to see increasing demands for
image sensor, adoption of a highly reliable single chigreater performance and reliability in environmental
microcomputer for automotive use such as enginecognition sensors as well. In the future, it will be
control, and development of a new image processimecessary to develop sensors that take these system
LSI. The company is currently developing a visiorrequirements into consideration.
sensor that offers high reliability while maintaining

low cost and a compact sfze LINKS BETWEEN VEHICLE DYNAMICS
CONTROL AND INFORMATION SYSTEMS
Sensor Fusion By linking the vehicle dynamics control system

Sensor fusion technology combines severalith information systems, it becomes possible to
environmental recognition sensors to achieve higlgather vehicle driving information, and applications
level recognition. Hitachi has developed a sensaof this information in turn enable the development of
fusion technology that takes advantage of the uniquarious types of business. Here, as one example of
features of the millimeter wave radar and vision sensadhese applications, we will discuss services that
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incorporate the “driving recorder” — a device Driving Recorders
currently being developed by Hitachi that records By linking vehicle dynamics control with the

values expressing the vehicle’s behavior.

Statistical data processing

Points of near-miss situation
Driver's behavior

T
Driver aptitude
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of accidents Warnings, resultsof

i

driver aptitude test
Near-miss information

Features of recorded
driving information

_ Acceleration sensor CAN
Following gyroscope Speed pulse, GPS
distance sensor I

GPS: global positioning system

Fig. 8—Driving Recorder.

Enables diagnosis of the driver’s driving characteristics and

safety in the driving zone through the analysis of driving
dynamics information.

navigation system, the driving recorder is able to
incorporate the following types of vehicle information
(see Fig. 8).

(1) Following distance from the vehicle ahead,
determined using a following distance sensor

(2) Vehicle driving region and absolute vehicle speed,
determined using GPS

(3) Tire speed, determined using speed pulse

(4) Acceleration, determined using acceleration
sensors

(5) Roll, yaw, and pitch rate speed, determined using
a gyroscope

Driving Recorder Analysis Technology

Based on the vehicle information described above,
analysis items services can be achieved through the
use of ITs (see Table 1). The following is a brief
description of each analysis item.

Acceleration skewness* is defined as the 3D
moment sum of vertical acceleration. We found that
in the case of people who tend to apply the brake too
hard (drivers who do not apply the brake until the

*skewness: degree of asymmetry about the distributions average value
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TaeLe 1. Items for Analysis of Driver Characteristics Using Finally, we will discuss the extraction of near-miss
\E/ehlg:e '“for:“a_“o_” ceenina with the coals of each ser regions. Urgent acceleration and deceleration points
naples analysis in Kkeeping wi € goals or eacn service. .
y ping g can be assessed by acceleration sensors and GPS, and
Andysisitem  Sensor Descriptions urgent steering points can be determined using a
(feature) information gyroscope, making it possible to gather a wide range
Acceleration  Verticll  Characteristics (strength, bias) of of information on urgent acceleration/deceleration and
e acceleration | brake/accel erator operations urgent steering points in a driver safety aptitude test
Gt el giosltl:r\]/\éleng ST R E TR ] ASP (application service provider). The geographical
model D following time characteristics locations where urgent acceleration/deceleration and
o Driving with awareness of fixed urg(_anf[ steering occur frequentl_y can be ftabulg_ted
rectal Speed speed, or driving in location with statistically, enabling these locations to be identified
dimension many external disturbances? i i i i
any - as near-miss regions and automatically registered on
Extraction Position, L ocations demanding frequent a map.
of near-miss acceleration  urgent acceleration/decel eration,
region gyroscope urgent steering

Services Using the Driving Recorder
By using these analysis technologies, it is possible

to warn drivers of dangerous driving situations,
following distance is very short), skewness is negativémplement driver aptitude tests, or offer services such
and that in the case of people who tend to apply thes route selection for avoiding near-miss regions.
accelerator too hard (drivers who accelerate quickly Warnings of dangerous driving situations are
when starting from a full stop), skewness is positiveprovided by sending a message to the driver while
Driver behavior can be assessed using this acceleratidriving or after driving is complete. In this case, the
skewness. That is to say, the closer this value is ttangerous situation refers to cases in which the
zero, the better is the driver’s skill. following distance is too short, or when driving in a

In terms of car following model types, a judgmentnear-miss region.
is made as to whether the driver tends to drive while The driver aptitude test enables an assessment of
maintaining a fixed following distance, or while driving characteristics based on acceleration skewness
maintaining a fixed following time (i.e., following and car following model type. An assessment of the
distance/speed). This can be determined based on tiréving conditions can also be made based on the
following distance and speed while driving behindractal dimension, according to the number of near-
another vehicle. Following distance type is frequentlyniss situations. These assessments can then facilitate
seen among seniors, and is recognized as beisgrvices for suggesting safer driving routes.
susceptible to accideA
The fractal dimension is an index that expresseSONCLUSIONS

the complexity of the curve (time series). We have Here, we have discussed trends in the development
determined the following: In the time series for speedf vehicle dynamics control and information systems,
when the driver is driving without an awareness of hiand Hitachi’s efforts to respond to these trends, as well
surroundings during free driving (when not following as the outlook for the future.
the vehicle ahead), there is a tendency to exhibit Vehicle dynamics control systems, including lane
Brownian motion. When the driver consciouslykeeping support systems and adaptive cruise control
maintains a fixed speed, the fractal dimension of theystems, have recently moved into the practical
time series tends to be lower than that of Browniaapplication stage. These systems can be expected to
motion, and when many disturbances are preseatolve through integration with information systems
(traffic jams, stop and start due to traffic signalsand communication infrastructures, in keeping with
frequent incidents of near miss), the fractal dimensiothe development of on-board and off-board
of the time series tends to be higher than that afommunication technologies.
Brownian motion. For this reason, based on the fractal The development of various components —
dimension of the time series, itis possible to determingarticularly increased performance in environmental
whether the driver is consciously maintaining a fixedecognition sensors — are important in terms of
speed, or is driving in a situation with manyachieving these types of systems. Furthermore, the
disturbances. effective application of information gathered through
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these sensors can be considered a crucial factor in thBOUT THE AUTHORS

popularization and expansion of these systems.

In the future, Hitachi will continue to combine
infrastructures and on-board components in an effor
to develop services and systems that will improve
driving comfort as well as safety. ‘ .

REFERENCES

(1) http:/mww.mlit.go.jp/jidosha/anzen/chuu/00asv/index_e.html

(2) H. Shirai, et al., “ITS Mini-feature,The Institute of
Electronics, Information and Communication Engineers
(IEICE) Journal(July 2000) in Japanese.

(3) H. Kuroda, et al., “Fully-MMIC 76 GHz Radar for ACC,"
IEEE, Intelligent Transportation Systems Conference
Proceedings (Oct. 2000)

(4) H. Kondoh, et al., “77GHz Fully-MMIC Automotive Forward-
Looking Radar,” 1999 IEEE, GaAs IC Symposium
Proceedings (Oct. 1999)

(5) H. Shinoda, et al., “MMIC Transceiver Integrated with a Planar
Antenna for Automotive Radar Applications,” 2001
Microwave Wokshops and Exhibition Proceedings (Dec.
2001)

(6) “Driving support systemsHitachi Hyoron84, p. 121 (Jan. @
2002) in Japanese. y

W

(7) Y. Otsuka, et al., “Multiple Lane Markers Recognition Using =
Local Edge Direction,” IEEE Intelligent Vehicle Symposium ‘Vh
(IV) Proceedings (June 2002)

(8) S. Muramatsu, et al., “Image Processing Device for Auto-
motive Vision Systems,” IEEE Intelligent Vehicle Symposium
(IV) Proceedings (June 2002)

(9) S. Izumi, et al., “Driving Environment Recognition Using
Sensor Fusion of Millimeter Wave Radar and Vision Sensors,”
Society of Automotive Engineers of Japan, (6ct. 2000) in 3
Japanese. ‘ h

(10)Y. Nishida, “Potential for Driving Characteristic Data
Collection Using Driving SimulatorsGekkan KotsyOct.

1998) in Japanese.

Hiroshi Kuroda

Joined Hitachi, Ltd. in 1984, and now works at the
Third Department of Systems Research of Hitachi
Research Laboratory. He is currently engaged in
developing vehicle driving control system and
millimeter wave radars. Mr. Kuroda is a member of
The Institute of Electrical Engineers of Japan, The
Institute of Electronics, Information and
Communication Engineers (IEICE), and can be
reached by e-mail at kurodah@gm.hrl.hitachi.co.jp.

Kazuaki Takano

Joined Hitachi, Ltd. in 1982, and now works at the
Automotive New Technology Developing Center of
the Automotive Systems. He is currently engaged in
developing vehicle environmental sensing system.
Mr. Takano is a member of The Japan Society of
Mechanical Engineers (JSME), the Society of
Automotive Engineers of Japan, Inc. (JSAE), and can
be reached by e-mail at
k-takano@cm.jiji.hitachi.co.jp.

Nobuyuki Ueki

Joined Hitachi, Ltd. in 1999, and now works at the
Chassis Department, Marketing Division of the
Automotive Systems. He is currently engaged in
developing vehicle driving control system. Mr. Ueki is
a member of JSAE, and can be reached by e-mail at
n-ueki@cm.jiji.hitachi.co.jp.

Hiroshi Kondoh

Joined Hitachi, Ltd. in 1994, and now works at the
Communication Device Research Department of
Central Research Laboratory. He is currently
engaged in developing millimeter wave radars, and
integrated circuits and devices for wireless
communications. Dr. Kondoh is a member of IEICE,
The Institute of Electrical and Electronics Engineers,
Inc. (IEEE), and can be reached by e-mail at
h-kondoh@crl.hitachi.co.jp.



