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ABSTRACT. In order to solve the problem of the large error in vehicle longitudinal dis-
tance measurement based on gray processing with monocular vision, the longitudinal mea-
surement model based on feature point in the back of preceding vehicle is deduced from
the basic theory of imaging by a pinhole model camera and the boundary constraint of
lane plane. Meanwhile, through counting a large number of characteristic parameters
from motor coaches and trucks, and taking target source as the preceding vehicle simula-
tion object, a dynamic compensation model of vehicle distance measurement error under
multi-sample condition is established. Finally, the experiment of preceding vehicle lon-
gitudinal distance measurement under different known distances is performed with the
reconstruction distance measurement model on the road. The result shows that the pro-
posed approach has a high measurement precision and the relative error is less than 5%,
and that it also can meet the practical application requirement of large vehicle longitudi-
nal distance measurement based on monocular vision.
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1. Introduction. Car-following is a basic and microscopic driving behavior on the road,
and the risk vehicle faced during the period of car-following mainly comes from the lon-
gitudinal vehicle rear-end collision. Speeding and that the host vehicle does not keep a
safe following distance are the main causes of vehicle rear-end accidents. Therefore, the
preceding vehicle distance measurement is an important part of vehicle longitudinal safety
driving assistance system; it has great significance for keeping the gap between vehicles,
lane changing and vehicle collision warning system [1,2].

Machine vision-based distance measurement method has the advantage of simple hard-
ware, low cost and flexible software algorithm. And it is very important to detect the
preceding vehicle when measuring the vehicle distance based on monocular vision au-
tomatically, since detection accuracy directly affects the precision of preceding vehicle
distance measurement. There are many methods for vehicle detection in the literature,
such as vehicle shadow extraction [3], rear mathematical modeling [4] and vehicle out-
line detection [5]. As demonstrated in related literature, vehicle shadow-based method
is greatly influenced by external light. Rear mathematical modeling method obtains the
depth information of road image through calibrating corresponding points; however, sub-
ject to the equipment limitation and the objective reasons of calibration, it is unable to
get higher accuracy transformation matrix, so its applicability is limited. Vehicle outline
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detection method is immune to interference from the outside environment with strong
ability, which has been widely applied.

When detecting the preceding vehicle based on outline detection with monocular vision,
it can only identify the rear outline, and the distance measurement feature point is usually
selected from the lower edge of rear outline; due to the existence of rear overhang height
above the ground, this method will certainly cause large measurement error. Therefore,
an algorithm of preceding vehicle distance measurement based on the lane plane geometric
model is proposed in this paper.

2. Preceding Vehicle Distance Measurement Based on Feature Point. As shown
in Figure 1(a), distance measurement model under the lane geometric constraint is estab-
lished according to the installation position of the CCD visual sensor. Several parameters
are defined as follows: C'is the optical center of the C'CD visual sensor and is vertically
projected to point O on the road surface. In the road coordinate system, O is defined as
the origin, and the longitudinal motion direction of the vehicle is defined as the X-axis
direction of the road coordinate system. Plane A’B’'F'E’ is the CCD visual sensor imag-
ing plane, while triangle CMN is the optical axis plane. The camera optical axis (CC})
and the road plane (7) intersect at point C;. 6 is the pitching angle of the camera, P
is the feature point of the preceding vehicle for measurement. As a result, the length of
OP’ in the road coordinate system represents the longitudinal distance between the front
vehicle and the CCD visual sensor.
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(a) Geometric relation of CCD sensor imaging (b) Lateral view model of measurement

FI1GURE 1. Distance measurement based on lane plane constraint and fea-
ture point

According to the above distance measurement model under the lane plane constraint,
the position of the preceding vehicle in the road coordinate system can be obtained. In
other words, the task is to calculate the value of the feature point P in the road coordinate
system.

As shown in Figure 1(b),

CCy=f, LOC,C =0, OC=h (1)
As for the triangle CoC' Py,
LCCP" = £CyC Py = arctan FuCo’) _ arctan FoCo (2)
CCo f

where, PJCj can be assigned with both positive and negative values; besides,

ZOCP = Z0CC, + £LC,OP' = g — 0 + arctan (Pofco) (3)
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where, PiCo = y(Co) — y(Fp) = [vo — v(F})] x dy = [vg — v(F)] x dy.
So the relation can be got as follows:

Yiy(P) = OP' = OC x tan ZOCP' = h x tan [E _ 9+ arctan (P°f)]
— h X tan g 9+ arctan (w”

(4)

where, vy is the longitudinal image coordinate of the optical center, v(P,) is the longi-
tudinal image coordinate of the feature point, d, is the longitudinal length of the unit

cell of the image, and Yy (P) is longitudinal distance between host vehicle and preceding
vehicle.

3. Dynamic Compensation Model of Vehicle Distance Measurement Error un-
der Multi-sample Condition. The rear area of the preceding vehicle is divided into
part A and part B by the lower edge of the rear outline, as shown in Figure 2. The vertical
height of the area A is the preceding vehicle overhang height above the ground, D is the
midpoint of the lower edge of the rear area, and is vertically projected to the point P on
the road surface. Since the front vehicle identification algorithm can only detect the rear
outline of the target vehicle in front, selecting point D as the feature point of longitudinal
distance measurement will largen the longitudinal distance measurement value.

Distance Measurement [12.44 m Cancel I Open Picture I Distance Measurement l24-54 m Cancel

FiGURE 3. The longitudinal distance detection when the target is 0.2m
above the ground
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In order to reduce the measurement error caused by the rear overhang height for the
longitudinal vehicle distance, and make the distance measurement value close to the real
value as accurately as possible, a red target source is taken as the simulation object of
the preceding vehicle. Through analyzing over 500 cases of motor coaches and trucks, the
variation range of rear overhang height above the ground is determined as [0.2m, 1m], and
the variation range of the target longitudinal position is [10m, 100m].

Part of the longitudinal distance test figures are displayed in Figure 3. By the Longi-
tudinal Vehicle Distance Measurement Error Calibration System software developed with
VC++6.0, related data about the distance measurement at different target clearance and
different real distance can be got.

On the basis of the measurement error data of the target at different target clearance
and different perception distance based on feature point, the reconstruction model of the
longitudinal distance measurement can be expressed as:

)
y = h x tan [g_9+arctan(w

2z = 118 — 11242 — 3.133y + 352222 + 34.6zy — 0.0399y? — 479523 — 86.2222y
—0.1845xy? + 0.0017y> + 26762 + 98.62x%y + 0.142822y? + 0.001313zy3
—2.077e ?y* 4 8.835e78y® — 7.658e Sxy* + 0.0004x%y> — 0.111423y> (5)
—38.23z%y — 391.12°

Yy (P) = h x tan [% — 6 + arctan (M)] .

\

where, z is the target clearance, y is the perception distance based on feature point, and
z represents the longitudinal measurement error.

4. Experimental Result and Analysis.

4.1. Experimental design. The proposed algorithm was implemented on the iEi-TANK
820 hardware platform. As shown in Figure 4, a 1/3 inch CCD camera was connected
to the hardware platform with a video cable and mounted behind the windshield of the
vehicle. The experimental environment was set on proving ground in Chang’an Univer-
sity, and the variation range of the distance marker line ahead of the CCD sensor was
[10m, 100m]. During the experiment, the rear of the truck was stopped at different dis-
tance marker lines, and the distance would be identified by the distance measurement
system automatically.

F1GURE 4. CCD sensor installation and experimental process
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4.2. Experimental result analysis. Camera Calibration Toolbox module of the MAT-
LAB was used to calibrate intrinsic parameter [6] and method based on vanish point in
the lane image was used to calibrate extrinsic parameter of the CCD sensor [7]. In order
to test the proposed model established in this paper, experiment under real road environ-
ment was done. The preceding vehicle was stopped in every five meters from 10 ~ 100m
ahead of the CCD and the preceding vehicle images at different distance were collected
by the CCD.

On the basis of the intrinsic and extrinsic parameters calibration, comparison and
analysis were conducted between the detection distance and actual distance. As Table 1
shows, the relative error is less than 5% and the average absolute error is about 1.7m.

Table 2 shows a comparison of preceding vehicle distance measurement between the
proposed model and the traditional model using the feature point from the rear outline.
Through analyzing the data, the proposed approach has a higher measurement precision,
and the average relative error is reduced by 16%.

Table 3 shows a comparison between the proposed approach and other distance mea-
surement approaches, including approach based on projection transformation and ap-
proach based on data regression modeling. Compared with the other two approaches, the

TABLE 1. Comparison of preceding vehicle distance measurement result

Test No Actual Detection  Absolute error Relative error

" | distance (m) distance (m) (m) (%)
1 10 10.46 0.46 4.6
2 15 15.59 0.59 3.9
3 20 20.65 0.65 3.2
4 25 25.78 0.78 3.1
5 30 30.92 0.92 3.1
6 35 36.16 1.16 3.3
7 40 41.37 1.37 4.6
8 45 46.58 1.58 3.5
9 50 51.88 1.88 3.7
10 55 57.13 2.13 3.9
11 60 62.22 2.22 3.7
12 65 67.58 2.58 3.9
13 70 72.67 2.67 3.8
14 75 77.78 2.78 3.7
15 80 82.83 2.83 3.5
16 85 88.16 3.16 3.7
17 90 93.18 3.18 3.5
18 95 98.36 3.36 3.5
19 100 103.55 3.55 3.6

TABLE 2. Comparison between the proposed model and the traditional model

Test No. 1 2 3 4 ) 6 7 8 9 10
Actual 10 20 30 40 50 60 70 8 90 100
distance (m)
Using proposed
model (m)
Using traditional
model (m)

10.46 20.65 30.92 41.37 51.88 62.3 72.67 82.83 93.18 103.5

12.44 24.64 36.43 47.86 58.73 70.57 82.26 95.78 108.6 122.8
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TABLE 3. Comparison with other distance measurement approaches

Test No. 1 2 3 4 5) 6 7 8 9 10

Actual 10 20 30 40 50 60 70 80 90 100
distance (m)
Using proposed
approach (m)
Data regression
approach (m)
Projection
transformation | 11.86 22.63 33.17 43.82 54.51 65.2 77.33 89.5 112.2 125.5
approach (m)

10.46 20.65 30.92 41.37 51.88 62.3 72.67 82.83 93.18 103.5

11.25 21.55 31.95 42.16 52.6 63.85 74.96 85.62 97.39 109.8

proposed approach has a better effectiveness, and the average relative error is reduced by
8%.

Also, in order to test the robustness of the proposed approach when car driving, the
Third Circle Highway of Xi’an City was selected as the test road. The result shows that
the proposed approach has a good identification accuracy (91%) and the average relative
error is about 7%, which can meet the requirement of the actual application.

5. Conclusions. In order to improve the identification efficiency of the preceding vehicle
longitudinal position, this paper presents an algorithm of preceding vehicle distance mea-
surement based on the lane plane geometric model. Distance measurement model under
the lane geometric constraint is built according to the installation position of the CCD
visual sensor. Meanwhile, on basis of counting a large number of characteristic parame-
ters from motor coaches and trucks, a dynamic compensation model of vehicle distance
measurement error under multi-sample condition is established. At last, the experiment
of preceding vehicle longitudinal distance measurement is performed with the reconstruc-
tion measurement model on the road. The result shows that the proposed algorithm has
a higher measurement precision and the relative error is less than 5%, and that it also
can meet the practical application requirement in accuracy for the large vehicle longi-
tudinal distance measurement. For further studies, more environmental factors must be
considered to optimize system performance and make the algorithm more robust.
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