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摘   要 

隨著經濟的快速發展，機動車輛已成為國民生活上之主要工具，本計畫之目

的在研發機動車輛所應具備的被動式防撞系統，並進行防撞系統的研製工作。整

個總計畫將結合語音溝通人機介面、聲響偵測與處理、毫微米防撞雷達、影像辨

識及追蹤、智慧型導航等技術，以建構一個智慧型車輛的被動式防撞系統。以下

對各主題簡單說明 (1)音訊控制技術開發部份包括「不特定語者語音辨識系統核

心辨識器」與「環場音效系統之研究」兩項主題進行； (2)智慧型導航開發部份

結合 GPS 與 INS 兩套導航系統開發一新型的 GIS 導航系統； (3) 防撞雷達製作

開發部份完成了窄波束天線及前端電路關鍵元件的開發與整合; (4)在電池能量

控制相關研究部分引入柔性切換的觀念來控制鋰電池串等化的過程以減低開關

的切換損失。 

關鍵詞：智慧型車輛，安全車，先進車，智慧型控制 

 

Abstract 

This is the group project of “Research 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 principle 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 to develop the car 

navigation system. (3) a mill imeter-wave 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 

This is the group project of “Research 
on Control, Sensing and Information 
Technology of an Intelligent Vehicle”. In 
this project, we integrate the linguistic 
man/machine interface, the collisio n 
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 principle component 
analysis technique to solve the problem of 
an invar iant  feature  over  differ ent  
speakers  as we ll as  t he  aco ust ica l  
environment effects and the phase or 
temporal difference. (2) we integrate the 
G P S / I N S  w i t h  t h e  G e o g r a p h i c  
Information System to develop the car 
navigation system. (3) a millimeter-wave 
t r ansce iver  and  fo ld ed  micro st r ip  
reflectarray antenna with beam steering 
are developed. (4) we proposed a fuzzy 
logic controlled battery equalization 
cont ro ller to cont ro l the equaliz ing  
process of lithium-ion battery strings, and 
introduced soft-swit ching to reduce 
switching losses  

 
Introduction 

In this group project, we focus on the 
study of some key technologies of an 
intelligent vehicle which integrate the 
linguist ic man/machine interface, the 
collision avoidance radar, the image 
recognition and tracking system, and the 
int e l l ige nt  gu ida nce  sys t e m o f a n  
intelligent vehicle. All subprojects are 
described as follows:  

Most automatic speech recognition 
technologies were based on the so-called 
Hidden Markov Models (HMM) and used 

the connected word pattern matching 
method to achieve continuous speech 
recognition. A new speech recognition 
technique is proposed for continuous 
speech-independent recognition of spoken 
Mandarin digits. One popular tool for 
solving such a problem is the HMM-based 
one-st at e  a lgo r it hm.  However ,  t wo  
problems existing in this conventional 
method prevent it from practical use on 
our target problem. One is the lack of a 
proper selection mechanism for robust 
acoustic models for speaker-independent 
recognition. The other is the information 
of intersyllable co-articulatory effect in 
the acoustic model is contained or not. We 
adopt the principle component analysis 
technique to solve these two problems. 

The Global Positioning System (GPS) 
used in navigation has long-term stability 
and acceptable accuracy. Based on such 
features, the divergent effect of an Inertial 
Navigat ion System (INS)  might  be  
calibrated with the aid of GPS [1, 2]. In 
addition, the autonomous characteristic of 
INS can supply the information of vehicle 
maneuvering or in the duration for the lost 
t rack condit ions due to  rece iver or  
environment noises. Due to the reasons, 
we integrate the GPS/INS with the  
Geographic Information System (GIS) to 
develop the car navigation system. In this 
project, the car is used in a flat navigation 
syst em.  Fina l ly,  t he GIS syst em is  
performed in the notebook computer. 

Among the various components of 
the advanced vehicle control and safety 
system, the collision avoidance radar 
(CAR) plays the key function, which 
utilizes the advanced communication and 
c o n t r o l  t e c hno lo g y t o  s e ns e  t h e  
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environment so as to warn the driver of 
the potential hazard in his/her path [3]. To 
a c h i e v e  t he s e  r e q u ir e me n t s ,  t he  
millimeter-wave (MMW) technology is 
t he  mo st  pro mis ing  t echno lo g y to  
implement the longitudinal CAR due to 
both high reliability and high posit ion 
resolution. A millimeter-wave (38.1 to 
38 .4  GHz)  t r ansce iver  a nd  fo lde d  
microstrip reflectarray antenna with beam 
steering are developed for autonomous 
cruise control radar applications. 

We proposed a fuzzy logic controlled 
battery equalization controller (FLC-BEC) 
to control the equalizing process of 
lithium-ion battery strings, and introduced 
soft-switching to reduce switching losses. 
The suggested battery equalizat io n 
scheme [4, 5] modified from KUC ˆ converter 
to design the bidirectional nondissipative 
current diverter for a battery balancing 
system. It can reach full duty energy 
transferring in the switching period, so the 
efficiency is improved. Furthermore, we 
i n t r o d u c e d  Z V S  s o f t-switching 
technology, using resistor and diode to 
produce dead time, so the switching losses 
can be large reduced. A fuzzy logic  
controller is constructed with a set of 
membership functions to prescribe the 
cells equalizing behavior within a safe 
equalizing region and to speed up cell 
voltage balancing. The simulation and 
experimental result  are illustrated to 
validate the advantage of the proposed 
system for abbreviating the equalization 
time and reducing the switching loss. 

 

Design Method and Results 
A. Automatic Speech Recognition 

A N state, left-to-right continuous 
observation density HMM, denoted as , 
is considered. The initial probability for 
state i is denoted by i = P(0 = i), 1  i 

 N, and the transition probability from 
state i to state j by ai,j = P(t=j | t-1=i) for 
1  i ,  j   N. Denote   1

N
i i
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 ,  and 

 , , 1
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i j i j
A a


 . For the calculat ion of the 

observation density in state i, denoted as 
bi(ot), for observation ot, the generalized 
common vector of ot given the matrix 
transformation of generalized common 
vector is first extracted. Then bi(ot) = P(ot 
| t=i), 1  i  N assumed to be a mixture 
of Gaussians is then given as 
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where Ds=D-Dg is the dimension of the 
extracted GCV yt,i,k from ot, yt,i,k is the 
GCV of ot for mixture k in state i, and i,k 
and i,k are the covariance matrix and 
mean vector corresponding to mixture k 
in state i, respectively. i,k is assumed to 
be diagonal, i.e., 
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
  . The GCV yt,i,k 

from ot for mixture k in state i is defined 
as 
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where 
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is matrix transformation of generalized 
common vector for mixture k in state i. 
Fo r  convenience in  t he  fo llo w ing  
derivation, we also define 

, , ,i k i k i kV     
then we can write 
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 , , , , , , ,t i k t i k i k i k t i kz y V o     

Denote   1

N
i i

B b


  and  = {, A, B}. 
For an observation sequence O = (o1, 

o2, … , oT) unobserved state sequence  
= (0, 1, 2, … , T), and unobserved 
mixture component sequence K =  (k1, 
k2, … , kT), the joint probability density 
of P(O, , K | ) is defined as 

 
0 1, , ,
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, , | ( )
t t t t t t

T

k k t
t

P O K a c b o    
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where T is the number of observation in 
O. It follows that the likelihood of O 
given  has the form 

 | ( , , | )
K

P O P O K


      

where the summat ions are over all  
possible state sequences and mixture 
component sequences. 

T h e  e a r l i e s t  m u l t i c h a n n e l  
reproduction system format was brought 
up for theatre by Dolby Liboratories Inc 
in 1950s. The main difference between 
the conventional stereo (two or three 
dimension) and mult ichannel so u nd  
system is the setup of surround sound 
channel. The main purpose of surround 
channel is to produce the effect  of 
liveness, sense of envelopment, and wide 
spatiality. 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 
how the decoder works. The Lt input 
signal passes unmodified and becomes 
the left  output.  The Rt input  signal 
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 t he st ereo 
soundstage will be presented in their 
proper perspective. 

We modified the mono  Dolby 

surround decoder into  a simplif ied  
surround sound decoder for generating 
stereo surround, which is shown in Fig 2. 
As the definit ion of surround sound 
described above, this channel is just to 
present the reverberant effect and feeling 
of ambiance, 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). In 
addition, surround sound sources, L-R 
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 Delay and 7 
kHz Low-Pass Filter, which are described 
above to make surround sounds more 
difficult to localize. Moreover, the entire 
structure of the Multi-band rom effect 
emulator is shown in Fig 3 below. 

 

 
Fig 1 Surround decoder block diagram 

 

 
Fig 2 Simplified Surround decoder.  
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Fig 3 The proposed multi-bands room 

effect simulator.  
 

B. GPS/INS/GIS for Vehicle Navigation 
System 

Inertial Navigation System (INS) is 
an autonomous system. The angular 
velocity and acceleration information can 
be  me a su r e d  b y u s in g  g yr o s  a nd  
accelerometers. However, the inertial 
measurement units (IMU) still have drift 
problems in navigation system. These 
errors might increase with time by the 
integral procedure.  Therefore,  INS 
a lways  co mbined wit h t he  GPS to  
calibrate the errors. 

Besides, we can develop the car 
navigat ion system with the help of 
Geographic Information System (GIS). 
The integrated GPS/INS/GIS system 
block diagram is shown in Fig 4. 

 

 
 

Fig 4 Car navigation system block 
diagram 

 
GPS depends on the concepts of 

“ positions ” and “ absolute coordinates. ” 
On the other hand, GIS depends on the 
concepts of “ locations ” and “ relative 
coordinates. ” With GPS, users can get to 
know the positions (i.e., the coordinates 
t hat  spec ify where  t he  u sers  are) ;  
combined with map and GIS data users 
can know the locations (i.e., where the 
users are with respect to objects around 
the users). Besides, the digital map data is 
more accurate than the positioning data 
provided by GPS. Therefore, we can 
integrate GPS with GIS to get the more 
a cc u r a t e  lo c a t io n  in  t he  ve h ic le  
navigation system. 

In the developed vehicle navigation 
system, the GPS receiver module copes 
with the received GPS data. The map 
orientation module and the map data 
displaying system facilitate the map 
reading of the drivers. The map matching 
module use the fact  that  “A vehicle 
moves always on a road network”, to 
integrate the GPS absolute position with 
a dig it a l road map to get  the more 
accurate location. The Graphic User 
Interface (GUI) for vehicle navigation 
system will display driver’s location on 
the map and provide drivers with the 
basic map functions as Fig 5. 
 

 
 

Fig 5 GPS Receiver Interface 
 



 7

The vehicle navigat ion system 
hardware consists of a GPS receiver, a 
battery, a voltage transforming circuit, 
RS232 int e r face ,  and  a  no t eboo k 
co mput er  in F ig  6 .  The  no t eboo k 
c o mp u t e r  i s  r e g a r d e d  a s  a  ma in  
navigation processor. All modules and 
algorithms are performed in the notebook 
computer. The navigation results are also 
displayed on the notebook monitor. 

 

Battery

Voltage
Transforming

Circuit

GPS
Engine
Board

GPS
Antenna

Notebook Computer

RS232 Interface

12V
5V

 
Fig 6 Hardware Structure 

 
The Visual Basic software and the 

GIS component, MapObjects, are utilized 
to develop the vehicle navigation system. 
The vehicle navigation system consists of 
the GPS receiver module, the combination 
of GPS with GIS, the digital map data, the 
display map data, the basic map functions, 
the map matching module, and the map 
orientation module. The complete vehicle 
navigation system interface is shown in 
Fig 7. 

 
Fig 7 Vehicle Navigation System 

Interface 

C .  N o v e l  V e h i c l e  L o n g i t u d i n a l  
Collision- Avoidance Radar 

In order to design a radar system 
that is small and cost  effect ive, the 
design process is broken into modules. 

The modules are designed individually 
using commercially available microwave 
design software (MWOffice 4.2) and 
then integrated together to  fo rm a 
front-end transceiver.  Before assembly, 
each component is examined by the 
measurement. 

The 38 GHz FMCW radar front-end 
sub-s y s t e m  p r e s e n t e d  h e r e  i s  a  
forward-looking, radar based, detection 
system for CW application. Fig 8 shows 
the system block diagram. It generates a 
F M C W  w a v e f o r m  u s i n g  a  
voltage-controlled oscillator by using a 
linearizer (frequency locked loop) to 
stabilize the RF frequency and improve 
system phase noise. The frequency of the 
coupled signal is compared to  a low 
frequency linear sweep reference to 
generate an error signal, which corrects 
t he  V CO  sw ee p  r a t e .  T he  3 8 G H z  
t r a nsc e iv e r  fo r  FMC W r a d a r  w as  
integrated with micro-strip line VCO and 
discriminator to form a frequency locked 
loop, which provide clean souse and high 
linear sweeping frequency. Figs 9 and 10 
show the photos of the finished transceiver 
circuits.  The measured output power and 
conversion lo s s  o f  t he  in t e g r a t e d  
transceiver are presented in Figs 11 and 12, 
respectively.  

The main reflector includes hundreds 
of microstrip antennas used to produce 
twisted re-radiated fields and provide 
phase compensation for focusing.  The 
sub-re f le c t or  para lle l  w i t h  t h e  
main-reflector is made o f a substrate 
printed with high-density metal grid,  
which is transparent to one polarization 
but would reflect the other polarization.  
The feed antenna is a microstrip patch 
antenna located on the main reflector.  
The posit ion o f this feed antenna is  
movable so as steering the radiation beam 
of the antenna.  Measured results showed 
good agreement with the calculated ones 
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Fig 13 depicts the measured antenna 
patterns for different feed positions d.  It 
is seen that the antenna has the antenna 
gain of 25dBi, side-lobe-level of -15dB 
SLL, and 3-dB beamwidth of 4.6̊.  As  
the feed position d changes from –4 mm 
to 4 mm, the beam scans over a range of 
7.2˚. 

 
Fig 8 Block diagram of the front end 

for FMCW 

forwar d-lookingradar. 

 
Fig 9 Frequency locked loop of the 
38GHz transceiver.   
Output frequency is around 4.25GHz. 

 

 
Fig 10 Tripler and gain stage of the 

38GHz transceiver. 

Output frequency is around 
12.75GHz. 

 

 
Fig 11 Output power v.s. frequency for 

the transmitter.  
 

 
Fig 12 Conversion loss for the 

receiver. 

 

 

 
Fig 13 Measured H-plane pattern of the 

folded reflectarray antenna. 

 

D. Battery Energy Management System 

Fig 14 shows a battery charging 
s ys t e m co nf igur a t io n fo r  a  se r ie s  
connected battery stack with individual 
cell equalizers (ICE). Fig 15 shows our 
suggest system, where the cell voltage are 
balanced by the fuzzy logic equalization 
controller and a microprocessor based 
battery management system. The energy 
be t w e e n  t he  t wo  ba t t e r y c e l l s  i s  
tran s f o r m e d  t h r o u g h  a n  e n e r g y  
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transferring capacitor (C1) .  T he  ce l l  
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 decision rule table in 
the fuzzy logic controller. It is used to 
explain the basic motioning theorem of 
t he  pro po sed ,  where  t wo ce lls  a re  
balanced by PWM signals. The PWM 
signals corresponding to the respective 
cell voltage through the microprocessor 
based battery management system (BMS), 
which control variable switching SC1 and 
SC2. For example, if the BC1 cell voltage 
V1 is higher than the BC2 cell voltage V2, a 
variable switching SC1 is turned-on by 
BMS,  the posit ive PWM signa ls is  
t ransferred to complimentary pair 
MOSFET, so the MOSFET Q1 is on, and 
the voltage is transferred from VB1 to VB2. 
Similarly, if the voltage V2 is higher than 
the voltage V1, a variable switching SC2 is 
turned-on, the negative PWM signals is 
t r ans fer red  to  comp liment ar y pa ir  
MOSFET, so the MOSFET Q2 is on, the 
voltage is transferred from VB2 to VB1. 

A FLC technique is employed to 
regulate the equalizing current of the 
proposed equalization scheme. The FLC 
consists of the rule base, inference engine, 
fuzzificat ion, and defuzzificat ion, as 
shown in fig.6. We use fuzzy rule base to 
describe the knowledge and experience of 
the battery equalizat ion scheme. The 
decision rule table for the linguist ic 
variables for the FLC is two-dimensional 
(5x5) shown in Table 1.  
 

sI

n-1

n-2

sI

n-1

n-2

 
Fig 14 System configuration of 

battery strings 
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Fig 15 Principle of capacitor energy 

transferred battery balancing 
system 

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

Vd

Output

VB

Vd

Output

VB

Output

VB

 
 
There are two inputs in the FLC, the 

voltage difference (Vd) between cells and 
the cell voltage (VB) 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 pre-constructed 
fuzzy rule base. The linguistic inference 
results are converted into numerical 
output IBEC by the defuzzifier. The fuzzy 
controlled output IBEC is  t he desired  
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battery equalizing current of the proposed 
cell equalization scheme. 

T o  ve r i f y  t he  a na lys is  r e su lt s  
discussed above, a computer simulation 
and experiment was performed for a 
three-modular bat tery stack with the 
fundamental equalization scheme. The 
simulation battery models were replaced 
by capacitors,  and the exper imenta l 
bat tery stacks were MRL/ITRI-10Ah 
lithium-ion battery cells. First, we suggest 
t hat  VB1>VB2>VB3, the battery init ia l 
voltages were VB1=3.9V, VB2=3.6V, and 
VB3=3.3V. The circuit parameters were 
L1=L2= 1 0 0 u H ,  a n d  C1=470uF. The 
switching frequency for the equalization 
scheme was 20KHz, and the duty cycle 
was 0.53.  The dr iving s ignals were  
constructed using a logical switching 
algorithm, and instructed by an 8052 
micro pro cesso r .  F ig  16  sho ws t he  
simulating and experiment results of the 
inductor currents and voltages.  
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Fig 16 (a): Simulation results  

VL1 IL1
VL1 IL1

 
5V/div 、1A/div 、20us/div 

Fig 16 (b): Experimental results 
Fig 16 The results of inductor 

currents and voltages  
 

Conclusion 
This year, the project integrates the 

linguist ic man/machine interface, the 

collision avoidance radar, the image 
recognition and tracking system, and the 
int e l l igent  guidance syst em o f an  
intelligent vehicle.  

In the lingu ist ic  man/machine  
interface subproject, it shows 26.039% 
i m p r o v e m e n t  w h e n  w e  r e p l a c e  
GCVHMM with Decision Tree State 
Tying based on GCVHMM. And, at last 
we can further investigate how to extract 
vocal signal from music in advance, and 
then we can use a Vocal Signal Extraction 
System to replace the block, Band-pass 
filter, to generate the center channel of 
our 2-to-5.1 channel sound system. 

In the intelligent guidance system 
project, we integrate GPS with GIS to 
develop a real-time vehicle navigation 
system. The developed vehicle navigation 
system consists of many modules to 
assist drivers or users to manipulate the 
navigation system.  

In the collision avoidance project, 
the radar operates at 38 GHz and adopts 
the frequency-modulation continuous 
wave (FMCW) for both distance and 
velocity detection. A millimeter-wave 
(38.1 to 38.4 GHz) transceiver and folded 
microstrip reflectarray antenna with beam 
steering are developed for autonomous 
cruise control radar applications. The 
transceiver has an output power of 10.6 
dBm for transmitting and about 7dB 
conversion loss for zero IF receiving.  

In the battery equalization control 
pro ject ,  according to  t he resu lt s  o f 
experiment and simulation, it is clear that 
the proposed battery equalizer operating in 
fu ll dut y cycle,  so  the eff ic ient  and  
equalizing time of the proposed battery 
equalization system is improved. The ZVS 
soft-switching is really reduced power loss 
about 30%. The proposed FLC-BEC is not 
only used to  maintain the equalizing 
process operation in safe region but also 
reduced the equalizing period about 16%. 
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