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Abstract

This is the group project dfResearch on Control, Sensing and Information
Technology of an Intelligent Vehicle”. In this group project, we integrate the linguistic
man/machine interface, the collision avoidance radar, the image recognition and
tracking system, and the intelligent guidance system of an intelligent vehicle. All
subprojects are described as follows. (1)we adopt the principe component analysis
technique to solve the problem of an invariant feature over different speakers as well
as the acoustical environment effects and the phase or temporal difference. (2) we
integrate the GPS/INS with the Geographic Information System ttevelop the car
navigation system. (3 millimeterave transceiver and folded microstrip
reflectarray antenna with beam steering are developed. (4)we proposed a fuzzy logic
controlled battery equalization controller to control the equalizing process of
lithium-ion battery strings, and introduced soft-switching to reduce switching losses.

Keywords: Intelligent Vehicles, Safety Cars, Advanced Cars, Intelligent Control
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Abstract the connected word pattern matching

Thisisthe group project of “Research  method to achieve continuous speech
on Control, Sensing and Informatiamcognition. A new speech recognition
Technology of an Intelligent Vehicl&. In  technique is proposed for continuous
this project, we integrate the linguisticspeech-independent recognition of spoken
man/machine interface, the collisidthandarin digits. One populatool for
avoidance radar, the image recognitionsolving such aproblem isthe HMM-based
and tracking system, and the intelligent one-state algorithm. However, two
guidance system of an intelligent vehicle. problems existing in this conventional
All subprojects are described as follows: method prevent it from practical use on
(1) we adopt the principle component our target problem. One is the lack of a
analysis technique to solve the problem of  proper selection mechanism for robust
an invariant feature over diffepeotistic modds for speakerindependent
speakers as well as the acoustieabnition. The other is the information
environment effects and the phase af intersyllable carticulatory effect in
temporal difference. (2) we integrate the the acoustic model is contained or not. We
GPS/INS with the Geogradopt cthe principle component analysis
Information System to develop the cartechnique to solve these two problems.

navigation system. (3)a millimeterwave The Global Positionin
) : _ g System (GPS)
transceiver and  folded  microgiLipi, navigation has longterm stability

reflectarray antenna with beam steering and acceptable accuracy. Based on such

are developed. (4)we proposed a fuz_zy . features, the divergent effect of an Inertial

logic IIcontrolled battleryh equal'z?.t'w]avigation System (INS) might be
controfler to control the equaliziiy ~qq with the aid of GPS [1, 2]. In
Process of "th'“m'of‘ bat_tery strings, and addition, the autonomous characteristic of
mt_rod_uced sofwitching  to reduchSCan supply the information of vehicle
switching losses maneuvering or in the duration for the lost
track conditions due to receiver or
Introduction environment noises. Due to the reasons,

In this group project, we focusonthe we integrate the GPS/INS with the
study of some key technologies of a@eographic Information System (GIS) to
intelligent vehicle which integrate théevelop the car navigation system. In this
linguistic man/machine irtare, the project, the car isused in aflat navigation
collision avoidance radar, the imaggstem. Finally, the GIS system is
recognition and tracking system, and the performed inthe notebook computer.
intelligent guidance system of
intelligent vehicle. All subprojects arg,
described as follows:

arAmong the various components of

e advanced vehicle control and safety

system, the collision avoidance radar
Most automatic speech recognition (CAR) plays the key function, which

technologies were based on the sa@alled utilizes the advanced communication and

Hidden Markov Models (HMM) and used control technology to sense the



environment so as to warn the driver of < N, and tle transition probability from
the potential hazard in his’her path [3]. To  statei to satej by aj= P(6=] | 6.1=i) for
achieve  these requirements, 1 the ;< N Denote s={ ,§'., and
millimeter-wave (MMW) technology is N -

the most promising technology At @), .- For the calculation of the
implement the longitudinal CAR due to observation density in statei, denoted as
both high reliability and high positiom(o,), for observationo, the generalized
resolution. A millimetewave (38.1 to common vector ofo given the matrix
38.4 GHz) transceiver and folkgegfformation of generalized common
microstrip reflectarray antenna with beam  vector is first extracted. Then bi(oy) = P(o
steering are developed for @obmous | 6=i), 1<i < N assumed to be a mixture

cruise control radar applications. of Gassians i then given &
We proposed a fuzzy logic controlled h( o ﬁ: ) b . .
battery equalization controller (FLGBEC) ' =R ko S

to control the equalizing process wiHere M is the mixture number, ¢k is the
lithium-ion battery strings, and introduced  probability of mixturek in statei, and
soft-switching to reduce switching losses. by (o) is the gaussian distribution given
The suggbesd battery equalizatioby

scheme [4, 5] modified fronas converter b ( 1 Focia o
to design the bidirectional nondissipative ’ NEEIN

current diverter for a battery balancingyhere D<=D-Dy is the dimension of the
system._ It_ can re_ach fuII_ duty ener@ytracted GCV Viik from o, Wik is the
transferring in the switching period, sothe  gcv of o for mixturek in statei, and Aix
efficiency is improved. Furthermore, we 4.q nk are the covariance matrix and
introduced ZV'S -SWItW  mean vector corresponding to mixturé

technology, using resistor and diode to; . . o
produce dead time, so the switching losses Lr;zt%eolr,]alre?oeec tively. Ai is assumed to

can be large reduced. A fuzzy logic

) . _ 0

controller is constructed with a set of G'(v)“

membership functions to presceibthe A Tik,2

cells equalizing behavior within a safe ‘ ' :
0 0--- T

equalizing region and to speed up cell
voltage balancing. The simulation andso that |A; | J[ 0~ . The GCVyik
experimental result are illustrated I%motfor mixturek in statei is defined
validate the advantage of the proposedas
system for abbreviating the equalization

. . . . = V.
time and reducing the switching loss. Yoix Yy
where
V —[ v Vo,
Design Method and Results _ LR Hart R V ok .o |
A. Automatic Speech Recognition is matrix transformation of generalized

common vector for mixturek in statei.

A N state,. letto-right  continuous For convenience in the following
observation density HMM, denoted asQ, derivation. we also define

is considered. The initial probability for

moeV o«
state i is denoted bydi = P(6p=1), 1< i

then we can write



i

4 i=x yq k. ( i:k\/,)
Denote B={ b' andQ ={§,A, B}.

For an observation sequence O = (04,
0z, ... , Or) unobserved state sequence®
= @o, 61, 6, ... , 6r), and unobserved
mixture component sequenceK K,
ko, ... , kr), the pint probability density
of P(O, ©, K| Q) isdefined as

T
P( 'GD pKGOHIFﬂ 1 ko, atR it 4
t=1

where T is the number of observation in
O. It follows that the likelihood Of
given Q hasthe form

(19 33

where the summations are over
possible site sequences and mixture
component sequences.

The earliest
reproduction system format was brought
up for theatre by Dolby Liboratories Inc
in 1950s. The main difference between
the conventional
dimension) and multichannetound
system is the setup of surround sound
channel. The main purpose of surround
channel is to produce the effect
liveness, sense of envelopment, and wide
gpatiality. We generate different quality of
audio sound sources by a room effect
emulator, and then turn the conventional
stereo into 5.1 channel sound system by a
modified Dolby Surround decoder.

The block diagram in Fig 1 shows

0

(P ,0 K

how the decoder works. The Lt input

signal passes unmodified and becomes
the left output. The Rt input
likewise becomes the right output. Lt and
Rt also carry the center signal, so it will
be heard as a "phantom" image between
the left and right speakers, and sounds
mixed anywhere across the
soundstage will
proper perspective.
We modified the mono Dolby

stereo (two or three

sign

surround decoder into a simplified
surround sound decoder for generating
stereo surround, which is shown in Fig 2.

As the definition of surround sound
described above, this channel is just to
present the reverberant effect and feeling

of ambance, but not to present location
of sound sources. The terms L-R and R-L
referred to Dolby Surround Decoder are
to reduce the contents of front channel
but not entirely (called leakage).
addition, surround sound sources;RL
and R-L, are out of phase with each other,

so the surround channels will diffuse the
image in surround sound field. We also
use the blocks, Audio Time Delayand 7
&Hz Low-Pass Filter, which are described
above to make surround sounds more
difficult to localize. Moreover, the entire

In

multichasimeture of the Mutband rom effect

emulator is shown in Fig 3 below.
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Fig 1 Surround decoder block diagram

Input kft
Input Eight

Fig 2 Smplified Surround decoder.

stereo
be presented in their



1 GPS depends on the concepts of
w “positions” and “ absolute coordinates. ”
/e On the other hand, GIS depends on the
concepts of “ locations” and “ relative
coordinates. ” With GPS, users can get to
?:T’ " know the positions (i.e., the coordinates

Paralel
s Comb Filter

19114 ssedmo

=Rl

that specify where the wusers are);
combined with map and GIS data users

10-Beds Equalze Revesbator can know the locations (i.e., where the
users are with respect to objects around

the users). Besides, the digital map datais

more accurate than the positioning data

B. GPS/INS/GIS for Vehicle Navigation provided by G_PS.Therefore, we can
System integrate GPS with GIS to get the more

Inertial Navigation System (INS) is  navigation system.
an autonomous system. The angular |n the developed vehicle navigation
velocity and acceleration information can system, the GPS receiver module copes
be measured by using gyros \@ifl the received GPS data. The map
accelerometers. However, the inertialgrientation module and the map data
measurement units (IMU) till have drift  displaying system facilitate the map
problems in navigation system. Tées reading of the drivers. The map matching
errors might increase with time by the module use the fact thHsk vehicle
integral  procedure. Therefore, IMfves always on a road netwgrko
always combined with the GPS jhfegrate the GPS absolute positin with
calibrate the errors. a digital road map to get the more

Besides, we can develop the caragccurate location. The Graphic User
navigation system with the help gferface (GUI) for vehicle navigation
Geographic Information System (GIS). system will display drives location on
The integrated GPS/INBS system the map and provide drivers with the

Fig 3 The proposed multi-bands room
effect amulator.
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The vehicle navigation systenifThe moduks are designed individually
hardware consists of a GPS receiver, a using commercially available microwave
battery, a voltage transforming circuit, design software (MWOffice 4.2) and
RS232 interface, and a notebdbkn integrated together to form a
computer in Fig 6. The notebdodnt-end transceiver. Before assembly,
computer is regarded as a mach component is examined by the
navigation processor. All modules and measurement.

algorithms are performed in the notebook The 38 GHz FMCW radar frontend
computer. The navigation resultsarealso  sub-system presented here S
displayed on the notebook monitor. forward-looking, radar based, detection
system for CW application. Fig 8 shows
oS the system block diagram. It generates a
mm\ti Bty FMCW waveform using
i voltage-controlled oscillator by using a
= TrXé’f'ﬁ?ﬁ:rg linearizer (frequency locked loop) to
Notebook Computer Cirauit stabilize the RF frequency and improve
Fig 6 Hardware Structure system phase noise. The frequency of the

coupled signal is compared to a low

The Visual Basic software and thefrequency linear sweep reference to
GIS component, MapObjects, are utilized generate an error signal, which corrects
to develop the vehicle navigation system. the VCO sweep rate. The 38GHz
The vehicle navigation system consists of transceiver for FMCW radar was
the GPS receiver module, the combination  integrated with micrestrip line VCO and
of GPS with GIS, the digital map data, the discriminator to form a frequency locked
display map data, the basic map functions, loop, which provide clean souse and high
the map matching module, and the map linear sweeping frequency. Figs 9 and 10
orientation module. The complete vehicle  show the photos of the finished transceiver
navigation ystem interface is shown in circuits. The measured output power and
Fig7. conversion loss of the integrated
e transceiver are presented in Figs 11 and 12,
respectively.

The main reflector includes hundreds
of microstrip antennas used to produce
twisted readiated fields and provide
phase compensation for focusing. The
sub-reflector paedl| with the
main-reflector is made of a substrate
printed with higlensity metal grid,

CrmrT—
?ﬁfﬂm!u ]

= . e ) ) which is transparent to one polarization
Fig 7 Venicle Navigation System but would reflect the other polarization.
Interface The feed antenna is a microstrip patch
C. Novel Vehicle Longitudimenna located on the main reflector.
Collision- Avoidance Radar The psition of this feed antenna is

movable so as steering the radiation beam

I_n order to design a radar system of the antenna. Measured results showed
that is small and cost effective, the

design process is broken into modules. good agreement with the calculated ones



Fig 13 depicts the measured antenna
patterns for different feed positions d. It
IS seen that the aeshna has the antenna
gain of 25dBi, sidéobe-level of -15dB
SLL, and 3dB beamwidth of 4% As
the feed position d changes from-4 mm
to 4 mm, the beam scans over a range of
7.2

-Q/y»

<,W

Fig 8 Block diagram of the front end
for FMCW

forwar d-lookingradar.

Gain (dBi)

b o o

Fig 9 Frequency locked loop of the
38GHz transceiver.
Output frequency isaround 4.25GHz.
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Fig 10 Tripler ndgain stage of the
38GHz transceiver.
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Fig 12 Conversion Ioss for the
receiver.
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Fig 13 Measured H-plane pattern of the
folded reflectarray antenna.

D. Battery Energy M anagement System

Fig 14 shows a battery charging
system
connected battery sick with individual
cell equalizers (ICE). Fig 15 shows our
suggest system, where the cell voltage are

configuration for a series

balanced by the fuzzy logic equalization

Output frequency isaround

controller and a microprocessor based

12.75GHz. battery management system. The energy
between the two Dbattery cells is
transformed through an energy



transferring capacitor JC The cell
voltage difference (Vd) determines the
direction of the energy transfer. The fuzzy
logic equalization controller is used to
regulate the equalizing current and the
linguistic variable decisio rule table in
the fuzzy logic controller. It is used to
explain the basic motioning theorem of
the proposed, where
balanced by PWM signals. The PWM
signals corresponding to the respective
cell voltage through the microprocessor
based battery management system (BMYS),
which control variable switching & and
Sco. For example, if the B cell voltage
V1 ishigher than the B cell voltage V2, a
variable switching & is turnedn by
BMS, the positive PWM signals
transferred to complimentapair
MOSFET, so the MOSFET Q is on, and
the voltage is transferred from Vg1 to Vp».
Similarly, if the voltage \4 is higher than
the voltage Vi, a variable switching $:zis
turned-on, the negative PWM signals is
transferred to complimentary
MOSFET, sothe MOSFET Q is on, the
voltage is transferred from Vg, to V1.

A FLC technique is employed to
regulate the equalizing current of the
proposed equalization scheme. The FLC
consists of the rule base, inference engine,
fuzzification, and defuzzificatiors a
shown in fig.6. We use fuzzy rule base to
describe the knowledge and experience of

two cells are

8
3]
= | =
B |
HETE e
I (] Il
e a
Tl

T

=
T

Fig 14 System configuration of
battery strings

1]

Bcg;vm CT pA @ }_‘
Sensor of ; g F:
Battery Stal%sczj__vm 5 g t} }—1
== 25 27x Q
/W_—l_‘—'
Dc { _‘m
i s >‘7< sc2

A 2 4

Fuzzy Logic Equalization
Controller and
Microprocessor based Battery
Management System

Output state and A
Driving
Signal Generator

Fig 15 Principle of capacitor energy
transferred battery balancing
system

pair

Table 1 Control rule base of the
FLC-BEC for linguistic variable

Va

Ouput

Vs

S

M

L

VL

Vs

Vs

M

L

VL

VL

S

VS

M

L

VL

VL

VS

M

L

VL

VL

L

V8

5

M

L

VL

VL

Vs

S

M

L

VL

the battery equalization scheme. The There are two inputs in the FLC, the
decision rule table for the linguistigltage difference (Vg) between cells and

variables for the FLC is twedimensional
(5x5) shown in Table 1.

the cell voltage (Vg) in the battery strings.
The numerical inputs are converted into

linguistic fuzzy sets by the fuzzifier. The
linguistic control values are generated in
the inference engine based on the input
fuzzy values and the -qorstructed
fuzzy rule base. The linguistic inference
results are converted
output lgec by the defuzzifier. The fuzzy

controlled output gdc

into numerical

is the desired



battery equalizing current of the proposed  collision avoidance radar, the image
cell equalization scheme. recognition and tracking gstem, and the

To verify the analysis redulttedligent guidance system of an
discussed abore, a computer simulation intelligent vehicle.
and experiment was performed for a In the Ilinguistic man/machine
threeemodular battery stack with tiveterface subproject, it shows 26.039%
fundamental equalization scheme. Theimprovement when we replace
simulation battery models were replaced GCVHMM with Decision Tree State
by capacitors, and the experimenialing based on GCVHMM. And, at last
battery stacks were MRL/FIBAh we can further invesigate how to extract
lithium-ion battery cells. First, we suggest vocal signal from music in advance, and
that ¥i1>Vg,>Ves, the battery initialthenwe canuseaVocal Sgnal Extraction
voltages were \41=3.9V, Vs,=3.6V, and System to replace the blockBand-pass
Vg3=3.3V. The circuit parameters werefilter, to generate the center channel of
L;=L,=100uH, and ;=470uF. The our 2-to-5.1 channel sound system.
switching frequency for the equalization In the intelligent guidance system
scheme was 20KHz, and the duty cycleproject, we integrate GPS with GIS to
was 0.53. The driving signhals wdeselop a redime vehicle navigation
constructed using a logical switchingystem. The developed vehicle navigation
algorithm, and instructed by an 805&stem consists of many modules to
microprocessor. Fig 16 shows asBist drivers or users to manipulate the
simulating and experiment results of the navigation system.

inductor currents and voltages. In the collision avoidance project,
R P TN the radar operates at 38 GHz and adopts

wave (FMCW) for both distance and

: /'{ the frequeneynodulation continuous
| || velocity detection. Amillimetewave

. Current (A)
ltage (V)

R ‘ (38.1 to 38.4 GHz) transceiver and folded
LR e e microstrip reflectarray antenna with beam
e e steering are developed for aambmous
Fig 16(a)T:m§)mulation results cruise control radar applications. The
oo S transceiver has an output power of 10.6
o SV dBm for transmitting and about 7dB
conversion loss for zero |F receiving.

In the battery equalization control
project, according to the results of
experiment and simulaion, it is clear that
Lo the proposed battery equalizer operating in
5V/div ~ 1A/div -~ 20us/div full duty cycle, so the efficient and
Fig 16 (b): Experimental results equalizing time of the proposed battery

Fig 16 The results of inductor equalization system is improved. The ZVS
currentsand voltages soft-switching is really reduced power loss
about 30%. The proposed FLC-BEC is not

Conclusion only used to maintain the equalizing

This year, the project integrates the Process operation in safe region but also
linguistic man/machine interface, tfeduced the equalizing period about 16%.
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