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Recognition algorithm for turn light of front vehicle
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Abstract: Intelligent vehicle needs the turn light information of front vehicles to make decisions in autonomous navigation. A
recognition algorithm was designed to get information of turn light. Approximated center segmentation method was designed to
divide the front vehicle image into two parts by using geometry information. The number of remained pixels of vehicle image which
was filtered by the morphologic features was got by adaptive threshold method, and it was applied to recognizing the lights flashing.
The experimental results show that the algorithm can not only distinguish the two turn lights of vehicle but also recognize the
information of them. The algorithm is quiet effective, robust and satisfactory in real-time performance.
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1 Introduction

The perception of the external environment of
intelligent vehicle is the core of the intelligent system.
This perception involves a number of aspects, for
instance, obstacle detection, road recognition, vehicle
detection and tracking [1-2]. In autonomous navigation,
intelligent vehicle needs to make some decisions, such as
steering, braking and acceleration. In order to obtain the
correct result, it needs to know elements like its own
states and the information of the external environment.
One element is the behavior of front vehicle. For
example, in the process of overtaking, intelligent vehicle
must know whether the front vehicle has the intention to
change lines, which is shown by turn light. So, it is
significant to recognize the turn light of front vehicles.

In Ref. [3], a vehicle tail light detection algorithm is
proposed, and it is based on the analysis of the texture of
vehicle tail lamp area. In Ref. [4], a fast vehicle light
locating method based on vehicle light characteristics
and horizontal gray level difference projection was
provided. In Refs. [5—7], a box bounding pair of vehicle
head light candidates are examined. These methods only
locate the vehicle light, but cannot recognize it. In
Refs. [8-9], a turn light recognition is proposed, but it
depends on the location of the turn light of vehicle too
much. In Refs. [10—12], global feature extraction and
description were described.

A real-time turn light recognition method is

introduced to solve these problems in this work. At first,
framework is built and data flow analysis is carried out.
Secondly, to differentiate the left or right turn light, a
vehicle real center division method is provided. Thirdly,
to obtain the information of turn light, an adaptive
threshold algorithm is designed. Finally, the whole
algorithm is implemented to do the experiments under
several different circumstances.

2 System design of turn light recognition

2.1 Turn light recognition framework

In the framework, the first step is image acquisition
through the camera; if the image is got, then it goes to
the next step; if not, it goes to the end. The second step is
obtaining the range of front vehicles by the vehicle
detection subsystem. The third step is that vehicle image
is divided into two parts, in accordance with vehicle
location in the image, with the left turn light on the left
part and the right turn light on the right. The final step is
that the two parts of image are processed by color space
converting and de-noise, and then an adaptive threshold
method is used to find out whether the turn light is on.
The framework of turn light recognition is shown in
Fig. 1.

2.2 Data flow of turn light recognition

The data flow analysis is shown in Fig. 2. The video
stream obtained from camera is converted into original
image by image acquisition processing. The rectangles of
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Fig. 1 Turn light recognition framework

vehicle from front vehicle detection processing and
original image are combined, thus vehicle image is
obtained by vehicle image clip processing. Vehicle rear
division processing then converts rectangle of vehicle
and original image into approximate center of vehicle
rear. Vehicle image is divided into two parts by vehicle
image segmentation with approximate center of vehicle
rear. One part is the left part of vehicle image, and the
other is the right part. As the inputs of the state of turn
light recognition processing, the two parts are processed
and the information of them becomes the outputs, which
are integrated by output processing. Finally, the
information is integrated by output processing. The front
vehicle detection can be realized by the method in
Ref.[13], and in Fig. 2, it is obvious that there are two
emphasized steps: one is vehicle rear division, and the
other is turn light recognition.
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Fig. 2 Data flow of turn light recognition
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3 Approximate center of front vehicle
division

The location of turn light of vehicle is different in
vehicle model. If only the lamp is detected, maybe it has
failed. A method is proposed with lack of distance
between front vehicle and intelligent vehicle. The main
idea of it is based on the approximate center of front
vehicle rear to divide front vehicle image into two parts,
with the left turn light on the left part of vehicle image,
and the right turn light on the other part.

In Fig. 3, ) means the coordinate origin and is
located at the left-top of the image. [, is the whole width
of view image, and I, is a half of [,. V, is width of the
rectangle of the vehicle in view image. V7, is half of V.
V. is the distance on x-axis from the rectangle of vehicle
to 1) V. is defined as the distance on x-axis from the
approximate center of vehicle rear to /). According to
V., the vehicle image can be divided into two parts. So,
where the V. is will be the critical problem.

Three extreme situations are discussed in this work:
1) The whole vehicle just appears in the left side of the
view, then V,=0, V.=¢| (¢,>0). 2) The whole vehicle just
appears in the right side of the view, then V,=21,-2V,,,
V= I,—¢, (&,>0). 3) The vehicle is just in the middle of
the view, then V.=I,,—V,,, V=I,.

According to the first situation (V,=0, V.=¢) and the
third situation (V; = I;—Vn, V=I.), the linear formula is
got:

[ —¢
Vo =(—2LyW t+¢ 1
. (Im_Vm)x 1 (D

Then V,=21,,—2V,, is put into Eq. (1), and there is
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Fig. 3 Diagram of approximate center

Ve=2ln—& 2

It is obvious that ¢; equals &, for the same vehicle.
So, the conclusion is drawn: when V,, is fixed, V. is
linear with V.. The equation is shown as
I,—¢

Ve= (ﬁ)Vx +e A3)

m m

In Eq.(3), V,€[0, 21,,~2V], € is a constant and &>0.

In practical application, V,, changes with the
distance between intelligent vehicle and front vehicle,
and the result of the division of front vehicle rear is
approximate, but it is satisfactory of requirement.

4 Information of turn light recognition

At first, the initiation is done to obtain the
information of turn light. The parts of vehicle image are
converted from RGB color space into HSV color space
[14]. Then, values are set to H-component, S-component
and V-component separately. The pixels are filtered by
the value of the three components. If turn light is on, the
pixels of turn light will be preserved. Because the
process of the flashing is like “off-on-oft”, the number of
remained pixels (NRPs) would be a waveform, as shown
in Fig. 4, indicating a process in which the object vehicle
is farther and farther from intelligent vehicle.

Because it is hard to set values for the three
components, the pixels of noise are also preserved. An
adaptive threshold algorithm is designed, which
processes the waveform and gets the information of turn
light. The flowchart of the algorithm is shown in Fig. 5.

In Fig. 5, “Queue.push” means to push a value in
queue; “Queue.pop” means to pop a value from queue;
“Info” means the information of turn light, and the value
of “Info” is 1 when the turn light is on, and 0 when it is
off; “Thd” means threshold which is used to divide
“NRPs” into two parts, and to determine the value of
“Info”. A is a numeric constant, and it is calculated at
initiation process.
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Fig. 4 NRPs—frame sequence diagram

Is previous
subsystem input?

Is front vehicle
first captured?

Queue.push (NRTs);
Thd=NRPs
(1-4)Thd
<NRPs < Yes I
(1-4)Thd |
Queue.push (NRTs);
Thd=Mean of queue;
Info=0
L |
Queue.push (NRTs);
Thd=Mean of queue
Queue.pop; |
Info=1

Fig. 5 Flowchart of adaptive threshold algorithm

5 Implementation

The whole algorithm is implemented with OpenCv
library [15] and C++ language, and experiments are done
under several different circumstances.

For vehicle rear division, the parameters are set as:
25<H<45, 20<S, 180<V and &=30. The gradually
changed V. and V, with frame sequence are shown in
Fig. 6. The results of division of vehicle rear are shown
in Fig. 7.

Figure 7 shows that the results of division are
satisfactory to the requirement. Although declination
appears in the first frame, the results become better and
better in later frames.
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The next step is to recognize the left and the right
parts of the image separately by 1=0.1. Figure 8 show the
changes of NRPs, Thd, Info and the results based on the
changes.

Figure 8(a) describes the process of a front vehicle
getting farther and farther from intelligent vehicle while
it enters the view with the turn light flashing. And there
is no noise point after the filtering. Figure 8(b) also

Fig. 7 Result of approximate division of vehicle rear

describes the same process as that in Fig. 8(a), yet there
are noise points after the filtering. Figure 8(c) describes
the process of a front vehicle becoming nearer and nearer
while there are noise points after filtering. Figures 8(a),
(b) and (c) indicate that the recognition results are
reliable, and the turn light information of front vehicle
can be recognized in real time.
The experiments results are listed in Table 1.

14 20
(a) b)
12 - o NRPS o NRPS
* Thd * Thd
ot |l Info skt Info
ST £
= o
3 8 2
= =10+
& or &
z Z
4+ st
I =
0 10 20 30 40 so 0 10 20 30 40 50 60 70
Frame sequence Frame sequence
40
©) o NRPS
« Thd
30F
=
5
]
=20
£
>
Z 10 Fig. 8 Results of turn light recognition
0 1 . 1 LT".:: 1 “-‘I' L d‘”l 1 1
10 20 30 40 50 60 70 80 90 100

Frame sequence



526

J. Cent. South Univ. (2012) 19: 522-526

Table 1 Recognition rate for adaptive threshold algorithm

. Left light Left light Right light Right l}ght Both lght Both l?g'ht Recognition
Video o . " recognition recognition recognition

recognition results recognition results recognition results rate of

data by human eyes by algorithm by human eyes results results by results algorithm/%

Y 4 yae Y 4 by algorithm human eyes by algorithm & °
1 79 77 35 34 24 23 97.10
2 48 48 29 26 39 37 95.69
3 87 85 95 94 66 63 97.58
4 111 107 37 35 25 23 95.38
5 53 53 153 149 15 13 97.29
6 46 44 32 31 72 71 97.33
7 35 32 33 32 83 82 96.69
8 49 48 66 65 24 24 98.56
9 93 92 78 77 34 34 99.02
10 79 77 35 34 24 23 97.10

6 Conclusions

1) The framework of turn light recognition is built,
and the process of data flow is analyzed.

2) The two most important processes of framework
are designed: one is capable of distinguishing between
the two sides of the turn light, and the other is
information of turn light recognition.

3) Based on the previous analysis, the center of
front vehicle rear is approximated linearly changed with
the position of it at view image in lack of distance
between the front vehicle and intelligent vehicle.

4) The whole algorithm is realized by using C++
with OpenCV library, and the results show that the
method is able to identify the state of turn light in real
time, and has de-noising capacity.

5) The system has been applied to intelligent
vehicle. Through the experiment, it shows that it has
good real-time characteristic, efficiency and robustness.
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