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Abstract 2

DEVELOPMENT OF AUTONOMOUS GROUND VEHICLE
FORAUTONOMOUS CHALLENGE COMPETITION

Hiroki likura

Abstract

To develop autonomous navigation technology, the Intelligent Ground Vehicle Competition (IGVC) is held
every year in United State of America since 1993. Autonomous challenge competition (ACC) is one of the
competitions of the IGVC. In the competition, the vehicle must autonomously travel between white lanes
avoiding randomly placed obstacles such as construction drums which are often used at actual freeway. And
also, in the travel course, several simulated painted potholes which should have to avoid, are placed. In order to
travel smoothly, the intelligent vehicle automatically recognizes white lanes, obstacles and potholes,
individually.

The developed recognition engine based on the captured image from omni-directional camera and the range
profile from laser rangefinder are fused to achieve autonomous navigation task. The image recognition is one of
key technology for our developed recognition engine, such as a template matching and Hough transforms are
used as real-time image recognition. Based on the developed recognition engine, the vehicle demonstrates
successfully recognized and controlled.

The validity of the proposed recognition engineis verified at 2004 1GV C competition at autonomous challenge.

Key Words: IGVC, ACC, image recognition, template matching, Hough transform, vehicle control



................................................................................................................................................................................................... 3
.......................................................................................................................................................................................... 5

S TSSO PTUOR PP 5
1.2 Autonomous challenge COMPELITION (ACC) ....o.eeiuiriiii ettt sttt b e sh et e e e st e e be s be s st e sbe e s e e beebesaeesbeennesneenes 5
........................................................................................................................................................... 7

2200 TSP URT O RUPPOTRT 7
2 2 et —eehe e —e ettt tee e et e aheeebeeeaEeeehee et e e eR et e R ee e be e oAbt e eEeeeAEeeeRAe e R et e Ee e oA R e e ReeeAEeeehEe e Re e e bt e eaaeenbeeenbeennreenes 7
220 TSRO P PP PP 7
2 e eeeeteeeeeeaeeeaheeeeeeaeeeateeaeeeaheeeaheeoae ettt ebeeeheeeaheeeheeehEeeaheeeEeeeheeeaRee e bt e naaeenbeeenteenaeeenes 9
......................................................................................................................................................... 11

G 71 PSPPSR OPR PR 11
G 1 00 U RTRTOPPOR 11

G 01 1902 PR RTOPPURO 12

G 1 00 TSP OPP PP 12
1 T PP PTS TR OPP ORI 12

G 1 0 T PSSP OPUPRRP 13

G 7 SO PU P UROPRRP 14
G 5750 PR P ST RTOPPURO 14
322 HOUGN bt h b h R R R R R R R R e et R e Rt bRt b n e n e r e s 15

G 7 PR RTOPPOR 15

R 0 PRSP PPPOPUPRRP 16
7 PSSP OP PRI 18

R 7 PP OPUPRRI 18

G 7 T OSSP PU P UROPRRP 19
....................................................................................................................................................................................... 20

A L et ee e seeeeteeereeateeaheeeateesee ettt abeeaateeaheeeteeeheeebe e e EeeoR et e ReeeAEeeehEeeEe e e bt e eR et e Rt e eREeeebee e beeaabeenaeeenteas 20
2 et eeeeeseeeateeeteeseeeaheeeateeseteateeebeeaateeaheeebeeahee ettt eabeeoaee e Rt e oAbt e eRee e be e e b e e eRbeeaReeeaEeenbee e beeaabeenneennteas 21
TS OTPPU P UROPRRP 22
0t PP PP PP UTROE 22
e PP PRTOUPRUPROPROE 23
TSRO PR PR UROPRRT 23
TS OTPPU PR UROPRRP 24
OSSP PU P UROPRRP 24
A THOUGN e e h e h R R R R e AR AR Rt R e R e R R e e R e R e e Rt e R Rt Rt R R n e n e n e 25
TSP UR PR 25
TSSO PP RO PRRPR 26
R PP PR PPPRPPROE 26

OO R P PRRTPR 26



5.1 s
e
T ——
T

T

e



Intelligent Ground Vehicle Competition(IGVC)
Association For Unmanned Vehicle Systems International (AUV SI) 1993
Autonomous Challenge Competition (ACC)

1.2 Autonomous challenge Competition (ACC)
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Photo.1

Strong sunlight Difficult location of obstacles

Photo.1 Course environment
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Table 1 Regulations of Autonomous Challenge Competition
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Table 2 Rules of Autonomous Challenge Competition
, 5point
5point
8[km/h]
QO 1] 2700 ]
]
]
107kq] 46[cm]x20[cm]x20[cm]
1 1[feet]
1



(A3) 0.3[m]
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(a)Pylon (b)Pathole (c) Bucket

Fig.1 Obstacles that disturb vehicle's way
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Photo 2 Vehicle appearance
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= Binary transform [ Template matching

Reconstruction i~ Red color image
to grand plane image selection

Capture image

Fig.8 Pylon detection algorithm by using Red color image

RGB R (i)RGB
(i) 2 (Fig-9(c))

(a)Input image (b)Red color image (c)Binary transform
Fig.9 Pylon detection using by Red color image

Fig.10(b) 2
(iii)

(a)Input image (b) Binary transform

Fig.10 The case that pylon and white line are detected as one thing
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312U
U
: (i) (i) (iii)
Capture image  H» to0 g;%?jn;gﬁgt;;gge r» U scale transform = Binary transform | Template matching
Fig.11 Pylon detection algorithm by using U color image
YUV U ()RGB
YUV U (i) 2
RGB YUV
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U |=|-01687 -0.3313 0.5000 | G |+]|128 (6)
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(Fig.12(c))
(Fig.13(c))
(a)Input image (b)U color image (c)Binary transform
Fig.12 Pylon detection by using U color image
(a)Input image (b)U color image (c)Binary transform
Fig.13 Thecasethat yell or lineis detected as Pylon
3.13
4730 65x80[ pixel] IGVC2002,
2004 + 2[pixel]
+ 5[pixel]
3.14

Fig.14



(a)Input image (b)Binary transform of R color image

(d)Binary transform of U color image (e)Result of pylon detection
Fig.14 Pylon detection 1
Fig.15 2
(Fig.15(c))
(Fig.15(d))

Nl

o

(a)Input image (b)Binary transform of R color image (c)Result of pylon detection

-

(d)Binary transform of U color image (e)Result of pylon detection

Fig.15 Pylon detection 2
315
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Fig.16 Pothole
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Fig.18 Result of Binary transform
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Fig.19 Sample of figure
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(a)x-y coordinate (b) The examples of circle to pass one point

3.23

(c)Locus of circle center

p

Fig.22 Hough transform for circle detection
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Fig.23 The algorithm of Pothole detection by using template matching
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Fig.24 Brightness distribution and the template for pothole detection
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4730 ( 351 )
2002 2004 Log 2
0.6 25[pixel] 35[pixel] Hough
0.2[m],0.3[m],0.4[m] Fig.24(c) 0.6

(8)Input image (b)Binary transform (c)Result
Fig.25 Pothole detection by using degree of circularity

(a)Input image (b)Edge detection (c)Result
Fig.26 Pothole detection by using Hough transform

(8)Input image (b) Template matching (c)Result

Fig.27 Pothol e detection by using Template matching
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(8)Input image (b)Binary transform (c)Result
Fig.28 Pothole detection by using degree of circularity

(8)Input image (b)Edge detection (c)Result
Fig.29 Pothole detection by using Hough transform

(8)Input image (b) Template matching (c)Result
Fig.30 Pothol e detection by using Template matching

(8)Input image (b)Binary transform (c)Result

Fig.31 Pothole detection by using degree of circularity

o

(8)Input image (b)Edge detection (c)Result

Fig.32 Pothole detection by using Hough transform

AEl

(8)Input image (b) Template matching (c)Result

Fig.3.2 Pothole detection by using Template matching
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Table 4
Table 4 Pothole recognition rate
Method Correct rate Failurerate
(Detected anything which was not pothole€)
Detection by using degree of circularity 23% 0.5%
Detection by using Hough transform 49% 4.70%
Detection by using Template matching 83% 1.60%
325
Fig.34 2
2
(a)Input image (b)Binary transform
Fig.34 The case that pothole wasn’t detected by using circularity
Hough Fig.35 Hough
Fig.36
(a)Input image (b)Edge detection
Fig.35 The case that pothole wasn’t detected by using Hough transform
(a)Input imag (b)Edge detection
Fig.36 The case that lawn was detected as pothole by using Hough transform
Hough 2
2
3.26
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Fig.37(b)

Fig.36(d)

(a)Input image (b)Binary transform (c)After template matching (d)Bucket elimination
Fig.37 Bucket detection

Fig.37(a)
(Fig.38(b))
Fig.37(c)

(a)Recognized sunshine as bucket (b) Expansion (c)Result
Fig.38 Bucket detection 2
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(a)Captureimage (b)Reconstruction  (c)Grayscale transform (d)High-passfilter  (€)Edge detection (fBinary transform

e
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Fig.39 Conventional method of line detection

Fig.41 An example of mistaken line in strong sunshine area
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Fig.42 Brightness distribution of white line

Fig.42
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Fig.43 The templates for white line detection
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0.6
(8)Input image (b)Result of white line detection
Fig.44 Result of binary transform by template matching 1
(8)Input image (b)Result of white line detection
Fig.45 Result of binary transform by template matching 2
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Brightness
54 | 51 | 47 [220] 43
67 | 48 [192| 60 | 54
52 | 50 [212 45 | 56
53 [186| 70 | 64 | 43 |
60 |202| 60 | 44 | 68 y

Width of white line
Fig.47 Brightness distribution of lane

(a)Before noise elimination (b)Result of noise elimination
Fig.48 Noise elimination by using brightness distribution
432

(a)Binary image of 1 sampling before (b) Expansion (c)Binary image of present (d)Result of noise elimination

Fig.49 Noise elimination by using chronological image

Fig.50
; Reconstruction . Noise elimination by using Noise elimination by using
Capture image | to grand plane image ¥ Gray scale transform = Template matching = “ginmess distribution chronological image
Fig.50 Line detection algorithm
44
4730 2002 2004
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(8)Input image (b)Gray scaleimage (c)Conventional method (d)Proposed method
Fig.51 Result of white line detection 1
(8)Input image (b)Gray scaleimage (c)Conventional method (d)Proposed method
Fig.52 Result of white line detection 2
(8)Input image (b)Gray scaleimage (c)Conventional method (d)Proposed method
Fig.53 Result of white line detection 3
5 White line recognition rate
Failure rate
Correct rate
(Detected anything which was not white line)
Conventional method 49% 12%
Proposed method 68% 13%
46

20%
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4.7Hough

Fig.54(a)

Fig.54(b)
Hough

(b)Binary transformed image include line of discontinuity

(a)Binary transformed image include sunshine noise

Fig.54 Lane detection

Fig.55(a)

Hough
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(b)The case that correct lane is detected

(a)The case that noise was detected as course lane

Fig.55 Liner detection
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4730 2002 2004
Hough 2.5[m],3[m],3.5[m] ,4[m],4.5[m] ,5[m],5.5[m],6][m]

473
(a)Input image (b)Binary transform
Fig.57 Result of Lane detection 1
(b)Binary transform
Fig.58 Result of Lane detection 2
. :
(a)Input image (b)Binary transform (c)Result
Fig.59 Result of Lane detection 3
474
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Fig.60 An example of pylon arrangement
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(c) Setting of a closed area

The nearest obstacle group
1@ N

b,

(b)Clustering

(d) Path planning

Fig.61 Pylon detection and path planning
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Gray scale transform

Omni-directional camera

RGB image capture

Reconstruction

A4

YUV transform
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| Pylon detection |
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| Noise elimination

Noise elimination

by using chronological image |
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Fig.68 Autonomous traveling algorithm
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Fig.69 Experiment environment
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Fig.70(d), Fig.71(d)
Fig.70(e), Fig.71(e)

(a)Input image (b)Gray scale image

4 -
-1 Y PR . SRS P | S-S (R S S—
) e |
i ; i i i
L}, ) - i .

-y | —, :

(d)Lane detection
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(e)Path planning result

Fig.70 Experiment result in dry areain Hosei University 1

(a)Input image

(e) Path planning result

Fig.71 Experiment result in dry areain Hosei University 2
6.3
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Table 7
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