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SUMMARY

The Clearance Detection, Evaluation and Reporting System (CDERS) has been
developed based on microwave and vision technologies. These new concepts for
a high resolution collision avoidance warning device for vehicles, were developed
by the New Jersey Institute of Technology and Princeton University. One of the
concepts utilizes a wide band (500 MHz) microwave signal operating at the 23
GHz band. The validity of the concept was established by building a prototype
using waveguide components. Sampling circuits were used to handle the time
domain signal processing and the display hardware. The prototype demonstrated
that sub-centimeter resolution was achieved in measuring the lateral clearances.
Future developmental work will address the merits of the proposed concept. This
work will reduce the size by utilizing MMIC (Microwave Monolithic Integrated
Circuits) technology. It will make use of electronically steerable microstrip patch
antennas, appropriate signal processor and improved software design. Lower
costs and space efficient units will result. Vision Based Clearance Detection

System development has been discussed in the Appendix.
INTRODUCTION

Objective

The objective of this project was to develop clearance detection for vehicles
while in motion. A major goal of this project was to design an inexpensive
clearance monitoring device. This device was to alert the driver of the presence
of vehicles in the vicinity of his/her vehicle. The potential system using steerable
narrow beam microstrip patch antennas will be installed on the four sides of a
vehicle. The system would then provide an accurate display of the objects in the
surrounding vicinity (360 degrees) and thereby could alert the driver to take
measures against potential collisions. This report discusses the merits of these
concepts, the work progress, feasibility of a low cost space efficient unit and

enumerates the future work schedule.



Important Features of the Proposed System

The major features of the proposed and partially developed system are:

. Installed on four sides of vehicle (only front section has been built and
tested)
o Provides accurate distance measurements to the operator of the vehicle

by using a wide band time domain signal

. Alerts the operator of a potential collision based on a selected threshold
clearance
. Narrow beam antenna with beam steering provides wide angle coverage

and avoids returns from multiple vehicles

. Microstrip antennas are placed conformally on the vehicle body surfaces

o Appropriate coding allows simultaneous operation of different vehicles
without interference (future development)

. State-of-the-art MMIC allows inexpensive and space efficient
implementation

. Electronic beam steering allows fast and reliable operation.

Future developmental work has to be performed in order to reduce the size by
utilizing MMIC (Microwave Monolithic Integrated Circuits) technology and
electronically steerable microstrip patch antennas. In addition, appropriate signal

processor and software design should be performed.

Potential Benefits of the Project

The vehicular collision avoidance device, assists drivers in avoiding accidents by
alerting via audio signals and visual displays. Accidents due to poor visibility

could potentially be avoided by utilizing the proposed device.

Technology Outlook

The development of automotive sensing technology began in the 1970's and until

the 1980's they were operating at millimeter-wave or microwave bands. Due to



the complexity and high cost of microwave and millimeter-wave devices, optical
pulse radars with infrared laser diodes were first developed as potential
automotive sensors. However, safety standards concerning eyesight protection
restrict the output power of optical radars with laser diodes. Rain, fog, and snow

reduce the range of optical devices when they are most needed [1].

Due to the advent of MMIC technology, the K-band range devices are the most

promising. Fast signal processors and major advancements in Ultra Wide Band
(UVB) technology [2], allows the time domain system to achieve higher spatial

resolution. Special coding schemes and small duty cycles of UVB time domain

systems may be utilized to avoid interference between motorists operating

similar systems in close vicinity.

An important concern is the ability to cover the area around a vehicle using
narrow beams to distinguish between various objects. The technology for
electronically steerable beam antennas is achievable for this application. Thus a
time domain radar in K-Band (18-26.5 GHz) with a practical antenna size and
based on inexpensive MMIC devices appears to be the most appropriate choice.
Utilization of K-Band microwave region provides insignificant attenuation due to
heavy rain (16 mm/hr) 0.2 dB for a 30 meters range [3] and negligible attenuation

less than 0.05 dB due to heavy fog or cloud (2.3 gm/m®).

Previous work done in this field used more expensive hardware with less
performance than the proposed concept, e.g., the FM-CW scheme is prone to
interference in the presence of other vehicles in the close vicinity [1]. Multiple
horn antennas were used to resolve different directions for different targets [4].
The usage of lens antennas [5] on a flat surface on the vehicle makes such an

approach impractical due to excessive volume they occupy.



PROTOTYPE DEVELOPMENT

A prototype was built using waveguide components (See Table1). Field tests
were performed and a range of 20 meters was achieved. Detailed explanation of

the developed prototype is given below.
Theory of Operation

Figure1 depicts the system block diagram. A wide bandwidth of 500 MHz is
selected in order to obtain a high resolution. Table 1 lists the components of the

current system and the desired system based on MMIC technology.
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Figure 1. Block diagram of the developed prototype system.

The transmitter is composed of a Fast Rise Time Pulse Generator (A) followed

by a Band Pass Filter (B) centered at 1.75 GHz. As the pulse is applied to the



filter, a 1.75 GHz burst with a bandwidth of 500 MHz is generated which is
amplified by amplifier (C) and up-converted by the Frequency Mixer (D). The

Oscillator (L) signal is divided by the power splitter and supplied as the Local

Oscillator for the Frequency Mixers (D) and (K). The Band Pass Filter (E) allows

Table 1. Components of the Current System and Goals.

SEC- DESCRIPTION CURRENT GOALS
TION SYSTEM
A Fast Rise Time HP1105B Step Recovery Diode
Step/Impulse Generator
B 1.5-2.0 GHz Band Pass Edge Coupled Micro- | Comb-Line, Strip- Line
Filter Strip Line
C 1.5-2.0 GHz Amplifier Mini-Circuits MMIC
D Frequency Mixer Ortho-Mode, Wave- Gilbert Cell MMIC
Guide Mixer
E | 23.0-23.6 GHz Band Pass | Wave Guide Cavity Edge Coupled Strip
Filter Line
F 23.0-23.6 GHz Amplifier Microwave dB MMIC
G | 23.0-23.6 GHz Circulator Wave Guide Ports Micro Strip Line
H Antenna Pyramidal Horn Steerable Micro-Strip
(Linear Polarization) Patch Antenna
8.4 x10.2x24 cm (Circular Polarization)
12x15x 0.2cm
I 23.0-23.6 GHz Low Noise Microwave dB MMIC, 1.5 dB NF
Amplifier
J | 23.0-23.6 GHz Band Pass | Wave-Guide Cavity Edge Coupled Strip
Filter Line
K Frequency Mixer Ortho-mode, Wave- Gilbert Cell MMIC
Guide Mixer
L Local Oscillator Gunn Diode Oscillator MMIC Dielectric
(GDO) Resonator
Oscillator(DRO)
M Power Divider Wave-Guide MMIC
N 1.5-2.0 GHz Amplifier Mini-Circuits MMIC
O Detection Circuit HP 1815B/1817A Custom High Speed
Sampling Circuit
Overall Size 13 x 16 x0.6 cm
Cost < $40

only the upper side band to be supplied to the Microwave Amplifier (F). The

burst is routed through the circulator (G) and transmitted to the space by the




Antenna (H). The returned bursts from the targets are received by the Antenna
(H) and routed to the receiver via the circulator (G). The bursts are amplified by
the Low Noise Amplifier (I). The Band Pass Filter (J) passes the bursts and
suppresses the noise at the image frequency band. The Frequency Mixer (K)
down-converts the burst to 1.75 GHz. The signal is amplified by the Amplifier
(N). The Band Pass Filter (O) suppresses the out of band noise. Due to wide
bandwidth of the signal, a sampling detection scheme is used via Detector (P).
The Digital Signal Processor (Q) is used to estimate the distance of the
surrounding targets. The relative locations of targets are displayed on a
Graphical Display (R). Audio alerting signals could aid the operator of the vehicle
of possible collisions.

Feasibility Range

Based on the available components that were procured for the project, the range

of the radar is calculated to be 76 meters given by:

PG ie 1/4
R = [
" ((4ﬁ)3kTBF (S 7N i j

DEFINITION OF PARAMETERS SELECTED PARAMETER
R =Range P =17dBm=0.051W
P, =TransmitPower G =280 W/W
G = AntennaGain A2=0.0129 m
A =WaveLength c=06 m>
o =RadarCrossSection k=138x10°%

k =Boltzmans Constant

: T=300°K
T =Temperatue °Kelvin
B=Bandwidth B =500 MHz
F=NoiseFactor F=2
(S/N),,., = MinimumSignalto Noise Ratio (S/N),...=3
R .. =76m



Construction and Packaging

Figure 2 depicts the proposed construction of the radar in four different layers.
The antenna is composed of two layers of dielectric materials: the Feed Layer
and the Patch Layer. The external radome layer protects the patch layer of the
antenna. The circuit layer contains the MMIC's and the Phase shifters for
antenna steering. For an antenna gain of 300 at 23 GHz, the patch antenna will
occupy an area of 65 cm? (8.1 cm x 8.1 cm). This gain corresponds to a beam

width of 10 degrees.

Antenna Patch Lager

Antaenna Feasd Lager

Clrcultry

Figure 2. Layers of the time domain radar.
Installation Scheme

Figure 3 depicts installation of the radar on a vehicle. In order to have full

coverage of the surroundings of the vehicle, four radars are to be used, one on



each side of the vehicle. Each side unit of the radar is equipped with
electronically steerable flat antennas. Steering of the antenna beams enables it
to scan the entire surroundings of the vehicle. Since an antenna with a relatively
narrow beam is selected (10 degrees), returns from multiple targets could be

distinguished by software.

BEAM STEERING BERM

Figure 3. Typical Installation.

Anticipated Cost

K-band microwave transceivers with advances in semiconductor technology, are
typically manufactured at a cost of only several dollars. The cost for a custom
sampling circuit is estimated to be around $10. Foran 8.1 cm X 8.1 cm patch
antenna which meets the requirements, the cost could be brought to under $ 4 in
large quantities. Other components such as various filters and Digital Signal
Processors (DSP’s) and the packaging is estimated to be about $10. The cost of
assembly and testing is estimated to be under $5. Hence, the total manufacturing

cost could be less than $30.



Interference Avoidance

A low duty cycle burst in a coded envelope allows many users to operate within
the chosen band. This feature will permit simultaneous use of similar systems in
vehicles all within the same vicinity, resulting in a very small probability of

crossed messages.
TEST RESULTS

Field tests were performed. Figure 4 is a photograph of the installed proto-typed

system constructed from waveguide components. The preliminary tests

indicated the following:

e The radar responded well to vehicles, human targets and buildings. This
confirms the appropriate choice for the selected frequency band for avoiding
accidents with humans, objects, other vehicles and buildings.

¢ Arange of 15-20 meters was obtained for cars, measured in dry weather

conditions.

Figure 4. Field tests were performed using a radar, constructed with
waveguide components installed on the front bumper of the vehicle.



Antenna Feasibility

The Figure 5 below depicts the scheme of the proposed K-Band Phase array
antenna with 64 elements with 0.65\ spacing between the elements for the next

phase prototype.

Spacing = 0.65 A

Wik

Size =4.124" x 4.125" x 0.5"

Oooooocoao

4.128in

Figure 5. 64-Element planar array.

Figure 6. 8-Way power splitter.

This figure depicts the feed network for each column of the array of the

proposed antenna.
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Figure 7 depicts construction of one element of an aperture-coupled network

feed structure.
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Figure 7. Aperture-coupled element.
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Figure 8. Far field radiation patterns of 8-element patch antenna arrays.

This figure depicts the predicted radiation patterns for the 8-element patch
antenna arrays with Taylor and uniform distributions, respectively. The usage of

Taylor distribution reduces sidelobes by 12 dB compared to uniform distribution.

Figure 9. Radiation pattern of a linear array, 8-elements, 0.65\ spacing, 4-bit

phase shifter.
Figure 9 depicts 4 major different radiation patterns from possible16 patterns

produced by using a 4-bit phase shifter.
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Figures 10 and 11 depict the radiation patterns of 64-element array in E & H

planes.

50

degree

Figure 10. E-plane radiation pattern of a planar 64-element array.
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Figure 11. H-plane radiation pattern of a planar 64-element array.
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Figure 12. Planar array, Taylor amplitude distribution, 0.65 A spacing.

This figure depicts the excitation coefficients for Taylor amplitude distribution in

the array.
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Figure 13 and Figure 14 depict three dimensional radiation patterns of a uniform

and Taylor arrays, respectively.
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Figure 13. 3-Dimensional radiation pattern of a 64-element uniform array.

e
100

Figure 14 3-Dimensional radiation pattern of a 64-element Taylor array.
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Figure 15. Phase Shifter Unit Cell Using 3-dB Coupler.

This figure depicts typical phase shifter cell configuration to be used in the future.
VISION BASED CLEARANCE DETECTION SYSTEM

As a precursor to the vision-based clearance detection system, the
autonomous vehicle vision guidance problem based on the sequential
images taken by a camera mounted in the front of the vehicle was studied,
by researchers at Princeton University. They employed the difference
image and the optical flow field scheme. They proposed a real time
computer vision scheme to autonomously navigate the vehicle following
the lane and avoiding collision with the leading vehicle. To test the
scheme, a simulator was built with OpenGL, a popular graphic language.
Results showed that this scheme is reasonable. The detailed results are

presented in the Appendix.

CONCLUSIONS

Major milestones of the projects were completed successfully. A prototype was
built which achieved the desired performance and confirmed the validity of the
proposed concept. Remaining is the development of a flat electronically

steerable antenna and implementation of MMIC design for further miniaturization

16



and cost reduction. The feasibility studies that were performed indicate that
using an 8x8 element provides a sufficiently narrow beam width necessary for
the intended application. In addition, further work in signal processing and
software development is necessary to finalize the concept into a commercially

viable product. Vision based clearance detection has proven to be feasible.
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APPENDIX-Autonomous Vehicle Vision Guidance with Difference Image
and Optical Flow

Alain L. Kornhauser
Department of Operations Research and Financial Engineering
Princeton University, Princeton, NJ 08544
Email: alaink@princeton.edu
Tel: (609) 258-4657, Fax: (609) 258-1270

Tongqgiang Wu
Department of Operations Research and Financial Engineering
Princeton University, Princeton, NJ 08544
Email: twu@princeton.edu
Tel: (609) 258-4411, Fax: (609) 258-4363

Abstract

The autonomous vehicle vision guidance problem based on the
sequential images taken by a camera mounted in the front of the
vehicle was studied. Employing the difference image and the
optical flow, we proposed a real time computer vision scheme to
autonomously navigate the vehicle following the lane and avoiding
collision with the leading vehicle. To test the scheme, we built a
simulator with OpenGL, a popular graphic language. The result
showed that this scheme is reasonable. It is a new approach to the
autonomous vehicle vision guidance problem.

Key Words: autonomous vehicle, computer vision, difference
image, optical flow.
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INTRODUCTION

Autonomous vehicle guidance is one of the most challenging areas in the
Intelligent Transportation System. There are several famous autonomous
guidance systems around the world, such as ALV (Autonomous Land Vehicle) at
University of Maryland, NavLab at Carnegie-Mellon University (1) and VITA Il
(VIsion Technology Application) in Germany (2).

Plenty of researchers work on the vehicle guidance problem too. They employed
different approaches to the problem. Schiffmann et al. (3) employed the radar
sensor to observe the trajectories of leading vehicles for determining the shape
of the road. Kornhauser (4) studied the lateral control by neural network
approaches. H-infinity controller (5) (6) is another way to deal with the lateral
control. Stiller (7) applied the stereo vision technology. Meier et al.'s (8) approach
was based on region growing. Betke et al. (9) applied template matching to
recognize the cars. Weng et al. (10) used the point correspondences among
image sequences to analyze the motion problem. Optical flow is a popular
approach for vision guidance (11). It is caused by the relative motion between the
environment and the vehicle. We would employ the optical flow in the vision
guidance scheme in this paper.

We consider the freeway vehicle navigation problem. The color of the road
surface is assumed almost uniform but that of other objects maybe non-uniform.
There is no shade of the trees or interchange on the road. The camera is
mounted on the middle line of the test vehicle and faced forward. The test vehicle
is required to stay on the same lane when going forward. If there is no vehicle or
blocking object in front of the test vehicle, it should accelerate to speed limit. If
there is vehicle or blocking object in front of the test vehicle, it should decelerate
or stop to avoid the collision. If the road has a curvature, the test vehicle should
adjust the steering to follow and stay within the lane.

The calculation of difference image and optical flow will be introduced first. Then
we propose the vision guidance scheme. The results are reported followed by the
discussion and future work. At the end, the conclusion is addressed too.

DIFFERENCE IMAGE AND OPTICAL FLOW FIELD

Dividing Image Areas

For later convenience, we divided the image frame into different parts. Within an
image frame, the left and right upper corners are less important. We neglect
them and the remaining area is called F. (Note: F may be the whole image frame
too.) F consists of F. and Fr where the middle vertical line divides them (FIGURE
16, (a)). If we use a horizontal line to divide the area F from the middle, we got

20



Frop and Fgor (FIGURE 16, (b)). Similarly, the left lower part is called F; gor and
the right lower part is called Frgor (FIGURE 16, (c)). The horizontal dividing lines
in FIGURE 16 (b) and (c) are not necessarily the same.

image frame image frame
Y A & v A \/
. \
F F
F
Fn:-T
F
> >
X X
(a) (k)

s Image frame

/ \

(c)

Figure 16. Dividing image areas.

(a) F=F,+Fgr
(b) F=FroptFsor
(c) FLgor and Freor
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Determining Difference Image

Denote the brightness of point (x,y) at time t as B(x,y,t). Define the difference
image D(x,y,t) (12) as:

if | B(x:yat)_B(xayat_l) |> TD
otherwise

1
D(x,y,n:{o (1)

where the Tp is a threshold.

The total number of weighted pixels with D(x,y,t)=1 in F at time tis

D(Fat): ZWD,F(xay)D(x’y’t) (2)

(x,y)eF

L if(x,y)eF

where Wp r(x,y) is a weight for pixel (x,y). W, . (x,y) = ‘
’ 0 otherwise

We will compare D(F,t) to threshold Tr with the help of optical flow field to identify
if the test car is approaching the leading car or the lane mark. If D(F,t)<Tg, the
vehicle is safe. Otherwise, there is a potential of danger.

Determining Optical Flow Field

When the relative position of a real object to a camera varies, its image moves
on the projection plane of that camera too. The optical flow is the object image
movement on the projection plane in sequential image frame (13) (14). It has two
components corresponding to the two coordinates in the 2-D image frame. Horn
et al. (15) developed an iterative algorithm to determine the optical flow. They
derived one constraint equation that the image brightness satisfies. Then, they
minimized the sum of the errors in the objective function for the rate of change of
image brightness to get the optical flow. Enkelmann et al. (16) expanded the one
constraint equation to three. Solving the equations would give the optical flow
directly. We employed Enkelmann et al.'s equations to calculate the optical flow.

The brightness satisfies the following differential equation:

dB:O

0 3)

That is,
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a_B@_Fa_Ba_y_Fa_B:O (4)
Ox ot 0Oy ot ot

Take the partial derivative of the above equation with respect to x and y, we have

0’Box 0°B oy 0°B
—+ -+ =0
Ox* Ot 0OxOy Ot Oxot
623@+6235_y+623 B
ox0y 0t Oy Ot Oyot

()

(6)

Then we have three equations (4, 5 and 6) and two unknowns (%and %).

Rewrite the equation as:

Au=Db (7)
where,
B, B, N y - B,
A=|B, B, ,u:( sz[ j b=|-B,
B B Vi) Y _B
xy »y vt

Where, the subscript, x,y or t, of B, means the partial derivative of B with respect
toxyort eg. B, =0B/dx and B, =0B/dyor .

Since there are three equations and two unknown variables, in general, we have
three lines that form a triangle in the (u,v) plane. The optical flow (u,v) with
minimal errors is the center of the inside tangent circle of the triangle as shown in
Figure 17.

VA \
(U, v)

-
Ll
Figure 17. Determining optical flow.
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Since the difference image pixels with D(x,y,t)=1 are more crucial, we define the
aggregate optical flow for difference image in different areas at time t as:

UlFn= Z W, (Y Jutx, 7,)D (%, y,1) (8)
Xk,
Up(Fp,t) = ( Z):FWR (x, Y)u(x, y,0)D(x, y,1) (9)
xop)eFy
Viop(Fropst) = ( )ZFWv,mp(x,J/)V(X,y,f)D(X,y,f) (10)
x.y)€Frop
Vior (Fgor,1) = ( )Z;VVV,BOT(x,y)v(x,y,t)D(x,y,t) (11)
Ussor Fraor )= I, o 5oy (0D, 32 (12
(x,)eF, ,BOT
U sor (Fsor-t) = ( )ZFVVL{,R,BOT(X’y)u(xayat)D(xayﬂt) (13)
x.9)eFp sor
Visor (Fpsorst) = ( )ZF:WV,L,BOT(an’)V(xayat)D(an’at) (14)
x.)eFL sor
VR,BOT(FR,Borat) = ( )ZFVVV,R,BOT(x’y)v(x’yﬂt)D(xay’t) (15)
x.9)eFy sor

Where W._ (x,y) is a weight of pixel (x,y) for optical flow component u or v in
different areas. If (x,y) is in the corresponding area, W _(x,y)=1. Otherwise
W..(x,y)=0.

VISION GUIDANCE SCHEME
Analysis for Vision Guidance

If D(F,t)<T,, the test vehicle is safe. We increase the vehicle speed gradually. If
the speeds reach the speed limit, we keep on that speed.

If D(F,t)>T,, the test vehicle is either approaching the leading vehicle or the
lane mark.

If U.<0, Ur>0, V10p>0 and Vpor <0, the test vehicle is approaching the leading
car or an obstacle. We need reduce the speed. See Figure 18.

If UL,BOT> T,>0, UR,BOT>TU>O, VL,BOT<-T\/<O and VR,BOT<'TV<O, the venhicle is
approaching the left side lane mark, such as, the road has right curvature and the
vehicle heads straight forward, or the road is straight forward and the vehicle
heads left. See Figure 19 (a). We need turn right and reduce the speed.

If UL,BOT<'TU<O , UR,BOT<'TU<O, VL,BOT<'TV<O and VR,BOT<'TV<0, the vehicle is
approaching the right side lane mark, such as, the road has left curvature and the
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vehicle heads straight forward, or the road is straight forward and the vehicle
heads right. See Figure 4 (b). We then turn left and reduce the speed.

tv..

V.

Figure 18. Optical flow field when approaching the leading vehicle.

7

Vehicle Heading Vehicle Heading
(o)

Figure 19. Optical flow field when approaching the lane mark.

()

(a) Right road curvature and straight forward vehicle heading direction.
(b) Straight forward road and right vehicle heading direction.
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To pursue the stable performance, we introduced the threshold T;>0 and T,>0.
Pseudo Code for Vision Guidance

Following is the pseudo code for the autonomous vehicle vision guidance
problem.

calculate D(x,y,t) and D(F,t)
if (D(F,t)<T,)
{ increase vehicle speed gradually until it reaches speed limit }
else
{ calculate u(x,y,t) and v(x,y,t) ¥V D(x,y,t) =1

calculate U, Ur, Virop, Veor, ULsot, UrBoT, Vi BOT, VRBOT

if (UL<0 , UR>0 , V70p>0, Vpo7<0 )

{ reduce the vehicle speed }

if (ULsor>Tu, UrBor>Tu, ViBor<-Tv, VRBOT<-TV)

{ turn right and reduce speed }

elseif ( U, sor<-Tu, Ursor<-Tu, ViBor<-Tv, VRBOT<-TV)

{ turn left and reduce speed }

else

{ set turn angle to zero }
}
if the vehicle speed exceeds the speed limit, set it to the speed limit
if the vehicle turning angular rate exceeds the limit, set it to the limit

RESULTS, DISCUSSION AND FUTURE WORK

We built a simulator with OpenGL, a widely used computer graphic language, to
test the vision guidance scheme. See Figure 20 for the look of the simulator. The
simulator consists of the road, field, roadside trees, sky and a leading vehicle.

We set the speed of the leading vehicle to 10 mph (16 km/h). The speed limit of
the test vehicle is 20 mph (32 km/h). The turning angular rate limit of the test
vehicle is 30 degrees per second.

Employing these vision guidance schemes mentioned above, the test vehicle will
accelerate from static to its speed limit. If approaching the leading vehicle, it
would reduce the speed to around 10 mph (16 km/h), the speed of leading
vehicle. That is, the scheme can avoid the rear-end collision.

When approaching the road curvature, the test vehicle steers itself according to
the curve direction and reduce the speed to around 6 mph (10.6 km/h). The test
vehicle makes two turns following the road curvature, then it proceeded to the
side of the road. This resulted due to the errors in the calculation of optical flow
field. Since the optical flow field is erratic, that would influence the aggregated
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optical flow parameter. Due to erratic optical flow field the vehicle might miss
some proper action when approaching the side of the lane. The scheme can still

perform

i Simulator for Yehicle Navigation

Differential Image

Curtent Time : Frant View
-

Previous Time

a=accelerate : s=stop : d=decelerate
j=left turn : k=stop turn : I=right turn (To use keyhoard, please put mouse in the left part of the window)

JH[=] E3

- Image Contral

Smooth Method |0 H
Diff Cal Method |2 =
Diff Col Thresho\dlSD =

Contourlz =
Idid Up Window |2 =
Mid Low WindanS =l
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Show Pace|5 =

W Scalelw =

Opt ﬂowIZ =
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TurnID =

™ Auto Drive

- Environment

Realiy[2 2
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Figure 20. The Simulator.

Upper left window is the current time image

Lower left window is the previous time image
Upper mid window is the difference image

Lower mid window is the edge and optical flow field
Upper right window is the helicopter view/global view

Lower right part is the user interface

well even when the optical flow field is erratic. It indicates that our vision
guidance scheme is reasonable. We need a more sophisticated method for
calculating the optical flow to let the scheme be more reliable.

If there was an object tree in front of the vehicle, the vehicle would reverse (with
negative speed) and go forward (with small positive speed) and reverse again to
form a loop. The reason for this occurrence is following: our scheme would

reduce the speed even to negative if there was an obstacle. However, if the test
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vehicle had negative speed, we would not have the condition (U, <0, Ur>0,
Vrop>0 and Vo7<0), simultaneously. The scheme would determine that it is safe
to accelerate, and the vehicle would go forward. Since there was an obstacle, it
would reduce the speed again. Similarly, the proposed scheme can avoid the
static obstacle too.

Currently, all the weights are set to 1 in the the scheme. The scheme may have a
different distribution to produce a better vision guidance performance. All the
thresholds are pre-determined in this paper. A sophisticated and reliable scheme,
should be self-adaptive in the future. As mentioned above, the optical flow field
needs to be more accurate. Practical operation requires, the speed limit of the
test vehicle should be increased to the actual speed limit on the road. The
scheme needs to be tested under the different scenarios when there are more
surrounding vehicles operating in different road conditions. The lane changing
mechanism should be incorporated in the vision guidance scheme for a more
comfortable driving experience.

CONCLUSIONS

The vehicle vision guidance scheme proposed in this paper is reasonable. It
always avoid collisions with both the leading vehicle and static objects. It can
follow the lane mark. Only the differential image and optical flow on the pixel with
(D(x,y,t) =1) are calculated. It keeps the calculation effort to a minimum.
Therefore, the scheme is suitable for real-time application.

For better vision guidance performance, the accuracy of optical flow needs to be
enhanced. For easier driving, the lane switching schemes need to be studied.
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