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In this paper, we propose a method to detect the waving
drive from a single camera in real-time. In some situation,
the waving drive of the vehicle is very danger.

In the previous method, the waving drive detection was
based on the extracted trajectory of the vehicle. The tra-
jectory extract method was using either of marker, natural
feature points or matching of the input image. The method
which uses a marker is reliable, but in snow road, the marker
based method can’t be used.

The natural feature points approach and matching of the
input images approach is very robust against the situation.
These method compute there motion from the movement of
each feature or the difference of the input image between 2
short different time. On the other hand, any moving object
will cause a sever error on the estimated trajectory. Thus, to
estimate the trajectory, the problem becomes the distinguish
between the static area and the moving area.

In this paper, we propose a method which uses the match-
ing of 2 input images. To avoid the effect of other running
cars, we use only static area between the front vehicle.

Figure 1 shows the example of the input image and the
top-view image. The boxed area drawn on the input im-
age expresses the region of the top-view image. The convert
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Fig. 1. Example of the input image and the Top-
View image
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from the input image to the top-view image is done using
Homography. The Homography is calculated once previously
according to the camera position and the angle. We assume
that there are no moving object included in this region.

From the 2 conecutive top-view frame, we estimate the
velocity of the vehicle. The difference of the 2 top-view im-
age is caused by the velocity of the vehicle, since no moving
object is included in the top-view.

In this paper, we introduce a simple model of the vehicle
velocity. In the model, the velocity is express by 1 rotation
and 1 translation, which corresponds to rotation and trans-
lation of the top view image. From the input image and the
top view image, we can provide a predicted image of the next
top view. In this method, we try a lot of parameters to gen-
erate the top view image. We choose the parameter which
give the minimum difference from the real top view image
and the predicted next top view image.

In the experiment, we made an experimental system which
moves in real time. To reduce the computation time, we in-
troduced the particle filter.

The experiment results show the robustness against the en-
vironment situation and fast computatin speed quick enough
to estimate the trajectory.

Fig.2. Example of the difference between 2 Top-
View images
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Real Time Method to Detect the Waving Drive from a Single Camera
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Keiichi Yamamoto™**, Non-member, Toru Ihara***, Non-member

In this paper, we propose a method to detect the waving drive from a single camera in real-time. The

requirement for the proposed method is computation time, accuracy and the dependency on the lane marker.

The previous waving drive detection systems are based on the detection of the lane marker. Thus, the pre-

vious systems can’t work on a road with no lane marker, like a snow road. The proposed method uses the

planar region in front of the vehicle by converting it to a top-view image. The system is able to work on a

road without a lane marker. To resolve the problem of the computation time, we apply the particle filter

to speed up the proposed method. The proposed method is tested on both synthesized and real image to

check the accuracy and computation speed. The experiment shows that the proposed method works on both

roads with or without lane marker. Also, an online experiment is done to demonstrate that proposed method

works in real-time.
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(a) The world coordi-

nate and the camera

(b) Coordinate between
2 frames.
coordinate
Fig.2. Camera models used in the proposed
method
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Fig. 3. Example of the difference between 2 Top-
View images
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(a) MARKER (frame 1) (b) MARKER (frame 300)

(e) TEXTURE (frame 1)
Fig.4. Synthesized input images

(f) TEXTURE (frame 300)

(a)
The Top-View and its region at frame 150

Fig. 5.

Table 1. Parameter for the experiment on synthe-
sized images
Parameter Value
@ 8.13 °
h 2.0(m)

Focal Length 360 (pixel)
360 x 240 (pixel)

20 (particles)

Image Size
Number of Particle filter
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Fig.6. The estimated lateral position of camera
using the synthesized image.

4, EE . ER

RFFOBYFERE & FHERE A MGET 5 720, FEBRIZ &
ARRFEE R AT o 720 (4 DEFCIX GG % 72928 % 47 -
Too (4-2)8G, (4-3)HG, (4-5)EiCTIZFEBICHETKY X T H»
S SN % V2B AT o 72, (4-HEiTidI =
F a7 CHB L - EE{§ CEREIT- 72,

RFFCIUEEEF B AR E T T2 M
T&5ZL%U1-2)HOEBRICTHEEL, (4-6)ICE%%
FLR T B o AT B\ TR I A < TH AR
MEZHEETELI L&A1, (4-3)5i, d-DHfingE
BRICTRL, (4-6)EIITERERLT . AFEDMATHEIZ
TR ETEEE R AT 5 IOV T4 - 5T EERRE R &
RL, G-TDEICTESEEZTLT,

RPN ERIEET H72DICAFETIEL 7L — 4 HTO
BB PVESHE L, FERFNCIMEL CWb, ET 5
BN ) A AORERERICE Y, KA A XHHR
TLE). 22T, 0.1Hz LT oK Y B < HPF %
T LTk, KEM A XEIY Bz,

@-1) AREGRERAVAEER  AEHTEESERED
FEERGE S, B OD/SY — VIR L W2 L 2 RT 720
B S F W CEBRE T 720 BE{EAHIZIE POV-Ray
for Windows ver 3.6 ZFJH L7z EBRIZHW/2/8F X —
% % Table 1 127" 9,



(a) Frame 150

(b) Frame 300
Fig. 7.

(c) Frame 350

@4-1-1) BETFI7AFvIiICWHTBO/NZ ME K
DEERTIIARF DB _E 1 RN IR T b MEAT % M
WTE BT EERT,

FEERTIREHOT 7 AF ¥ % SHEHEL, Thlihd
FUS&ME Lz EBHOATMG% Fig. 4 12Rd,

1Y — FL— )V E EfiH o TW A iR %, 2fE
FHIZIE = FL— VoA TV HE§E, 3FEHEIC
WFEBRSZVEGRE ZNENHE L KT 7 AF v L
Z BHEIR Y B TREAT L7z L Lo g A ARk L7z,
ZABERIZB VT, H A FI1FE B % R$, Fig.5 (a)
VAR S S o R, Fig. 5 (b) PRI % o
Bl %R,

H AT WG S5 5 N EBEIFZ Fig. 6 12773, Fig. 6
O MARKER 137 — FL — )V & FIAME S TW B S % A
T3 LS, RAIL ZH — FL— VD& T 5 i
AN E LR, TEXTURE ZEBL T —FL—Ld
EWNE{R T AJTE L72#EE, Ground Truth (ZIEf#E % 7
NZIURT,

FAEG L IERE & 02, BB OIRIFIZ T4
Xy, IEfRED S 0713 TEXTURE O34 TF1 25¢m,
SR OIRIE 4m 1205 LT 6.25% TH Do ZOFERLY,
RFEDPEEEZFHETIOKPEEZHEELTBY, M5
POT 7 AF v BEFIZHR SN TWIUIH X T DKL
BT TH S,

4-1-2) EEFOEBMEOIE  W{EFOEWIED
RPFIRATT IOV CAREICHGET 50 Bk 2 5
ERIZBNT, )TV A LA TOEREFRELOY ) H
LIZ2oWT, Ke b EDPRELFE® &, BEBAE
5o AFETIHBEHELOL Y I LICEHRE I A M & 20T
U, HMEI AR % B OIS E H L Ci 1k dHis
29 9,

BEEARA SRR L7289 X — %1% Table 1 EF L
T, HEWM LMD 5B B LB N LR 2 A% L
720 L7 ATTEIGE OB % Fig. 712, FEBEE% Fig. 8
[ g

SRIOEBIZBNT, FOE # HWFE® L 75 1
HNTH—E AT L R AT o7, F2BWIROE
BT 572012, FOE # V- FHEIBVW T AR Y
TEhRLIGEE Lol a0 20 ai Lz 771
AN 780 —=% W7z KLT ¢ 250 L TSSO
BIEITV, ROLNIZFTTAINTO=0ETRXTD
EEINY MVEBETE L2, Y A% Y7 LIS Fig. 5(a)
WRENT-EAR D & [F] L fEI = I L 720

1718

(d) Frame 400 (e) Frame 450 (f) Frame 500

The input image with another vehicle
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Fig.8. The estimated lateral position of camera
using the synthesized image with moving object.
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(a) Frame 650 (b) Frame 750 (c) Frame 850

(d) Frame 950 (e) Frame 1050 (f) Frame 1150

Fig.9. The example of the input images captured on real road

Table 2. Parameter for the experiments on real
images
Parameter Value
& 5.40°
h 2.5(m)

Focal Length
Image Size
Number of Particle filter

577.7 (pixel)
360 x 240 (pixel)
20 (particles)
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(a) Top-View image (b) The region of the
Top-View image

Fig.10. The 7Top-View image and its region at
frame 850
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Fig.11. The estimated lateral position of camera

using the real image.
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(a) Frame 1

(b) Frame 151 (¢) Frame 301

Fig. 12.

/
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(a) The region of the

Top-View image
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(b) Example of the
Top-View image
Fig.13. The 7Top-View image and its region at
frame 121 on the snow road
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Fig. 14. The estimated lateral position of camera
on the snow road
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(d) Frame 451 (e) Frame 601 (f) Frame 751

The input image on the snow road.

Table 3. The parameters used for the experiment
on the snow road

Parameter Value
1) 5.40°
h 2.5(m)

Focal Length
Image Size
Number of Particle filter

577.7(pixel)
360 x 240 (pixel)
20 (particles)

DS 2.5m, HHEA 90km/h, 15fps THF
E L7
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(a) Frame 1 (b) Frame 31

Fig. 15.

(c) Frame 61

(b) Example of the
Top-View image

(a) Region used to create
the Top-View image

Fig.16. The input image on the random texture

road
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Fig. 17. The estimated lateral position of camera
on the random texture road
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(d) Frame 91 (e) Frame 121

(f) Frame 151

The input image on the random texture road

Table 4. Specification of the Web camera

Parameters Value
1) 18.68°
h 2.4(m)

Focal Length | 419.539(pixel)
320 x 240 (pixel)

15fps

Image Size

Frame Rate

Table 5. Specification of the laptop computer
CPU Pentium4 2.6GHz
Memory 2.0GB
os WindowsXP Pro(SP2)
Compiler | Visual Studio .NET VC++
Platform VC++ + OpenCV
Table 6. Computation Time for 1 Frame
Situation Proposed Method | Entire Search
Lane Marker 0.28sec 3.07sec
Snow Road 0.28sec 3.16sec
Synthesize 0.27sec 2.7Tsec
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(a) Frame 65

(b) Frame 365

(c) Frame 665 (d) Frame 965

Fig. 18. Example of the input image on real-time
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Fig.19. The lateral position of camera estimated
in real time
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