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Abstract: A vision-based parking guidance system is proposed to help drivers parking their cars into parking 
space. The proposed system only relies on an embedded hardware and a wide-angle camera to capture images 
for analysis without steering sensor. This is a money-saved technique; moreover, it is suitable for used cars and 
after-market usage. In the system, input images are first transformed into top-view images by a homography 
transformation. Then corner feature points on two continuous images are extracted to match each other. The 
feature-point pairs are further pruned by a least-square error metrics. The remained pairs are then used to 
estimate vehicle motion parameters, where an isometric transformation model based on the Ackermann steering 
geometry is proposed to describe the vehicle motion. At last, the vehicle trajectory is estimated based on the 
vehicle motion parameters and the parking guidance lines are drawn according to the vehicle trajectory. The key 
characteristics of a parking guidance system are stability and precision; the proposed model is more proper than 
general considered models for image-based parking guidance system. Copyright © 2013 IFSA. 
 
Keywords: Parking guidance, Parking assistance, Advanced safety vehicle, Ackermann geometry, Computer 
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1. Introduction 
 

Parking a vehicle into a parking space or garage is 
an essential skill for drivers; however, it is still hard 
for someone. Moreover, to maneuver a vehicle into a 
parking space with limited dimension or with other 
vehicles or obstacles around the parking space is 
difficult for most drivers. Even a familiar driver has 
an unpleasant experience to park a vehicle into a 
small parallel parking space. 

In these few decades, cameras and related 
embedded system are more and more cheap, and have 
been used for vehicle driving assistance, such as lane 
departure warning, forward collision warning, blind 
spot detection, etc. [1]. The mentioned parking 

problem can be solved by an around view monitor 
system [2-4] or a back guiding monitor and detection 
system, which are just equipped cameras and an 
embedded system. 

Nissan Motor Co., Ltd. [2] has developed a 
parking assistance system named as "Around View 
Monitor". The system uses four wide-angle cameras 
mounted on the front, sides, and rear of the vehicle to 
capture images of the surrounding area to generate a 
bird’s eye view of the vehicle with its surrounding 
scenery and a parking guiding view of the rear 
scenery as shown in Fig. 1.  

Honda Motor Co., Ltd. [3] has provided a similar 
system named “Multi-view Camera System” with 
extra functions for tight driving support as shown in 
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Fig. 2. At the same time, Mitsubishi Motors Corp. [4] 
provided a similar system “Multi-around Monitor 
System”. After two years, Fujitsu Semiconductor 
America, Inc. announced the commercial availability 
of a breakthrough 3D imaging technology that 
provides a complete 360-degree view of a vehicle’s 
surrounding [5]. 
 
 

 
 

Fig. 1. Nissan Around view monitor system. 
 
 

 
 

Fig. 2. Camera system. 
 
 

In a general parking guidance system, a steering 
sensor is installed on the steering column to compute 
direction of front wheels and then provide the vehicle 
guiding path to the drivers. All above mentioned 
systems are just with such a configuration. The 
installation of steering sensor is a complicated task; it 
is also very inconvenient to install a steering sensor 
on a used car; thus the steering sensors are only set 
on new cars. Moreover, a steering sensor is expensive.  

In this paper, we propose an image-based parking 
guidance (IPG) system to estimate the direction of 
front wheels without steering sensor. The hardware is 
just an ARM-based embedded system and a wide-
angle camera. The camera is mounted on the rear of 
vehicle to capture sequential images of ground area 
just behind the vehicle. In the software development, 
off-line and on-line processes are sequentially 
constructed. The off-line process is used to calibrate 
3D position of the camera to the ground coordinate 
system; then the on-line process is utilized to 
estimate the vehicle trajectory with respect to the 
ground coordinate system. At first, input images are 
first transformed into top-view images by a 
transformation matrix of homography. Then corner 
feature points on two continuous images are extracted 

to match each other. The feature-point pairs are 
further pruned by a least-square error metrics. The 
remained pairs are then used to estimate the motion 
parameters, where an isometric transformation model 
based on the Ackermann steering geometry [6] is 
proposed to describe the vehicle motion. A vehicle 
trajectory is then estimated based on the parameters. 
At last, a top view or rear view of parking guidance-
lined images are provided to assist the driver. The 
proposed IPG system is shown in Fig. 3. 

 
 

 
 

Fig. 3. The proposed image-based parking guiding system. 
 
 

2. Camera Calibration 
 
Camera calibration is a fundamental and 

important topic in computer vision and image 
processing. Many excellent works have been 
proposed [7]-[9]. Here we used the Zhang’s camera 
calibration technique [10] and Devernay-Faugeras 
distortion calibration method [11] to estimate camera 
intrinsic, extrinsic, and distortion parameters. 

In a perspective projection camera model, a 3D 
point P = [X Y Z 1]T and its 2D projection point p = 
[u v 1]T in the homogeneous coordinate system have 
the relation 

 
s p = A [R t] P , (1) 

 
where s is the non-zero scale factor. R and t are 3×3 
rotation matrix and 3×1 translation vector, 
respectively.  A is the camera intrinsic parameters 
matrix: 
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where (uo, vo) is the camera optical axis center on the 
image coordinate system, α and β are the focal 
lengths in pixel unit for image u and v axes, 
respectively; γ is the skew parameter between 
photosensitive plane and optical axis of lens. 

Based on the orthogonal restriction of coordinate 
axes, a complicated square-error formula is derived 
and then solved by the Levenberg-Marquardt 
algorithm [10]. In the Zhang’s approach, the lens 
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distortion parameters were estimated based on the 
radial distortion model and the distortion was not 
completely resolved in the wide-angle images; thus 
Devernay-Faugeras’ FOV distortion calibration 
method [11] was further utilized to improve the 
distortion calibration.  

In the Devernay-Faugeras distortion model, the 
relation of a distortion image point pd = [xd yd]T and 
the undistorted image point pu = [xu yu]T is described 
as 

 
rd = R(ru), (3) 

 

where    and  2222 yxryxr uuuddd +=+= . Based on 
the factor that the larger the incident angle between 
3D point and optical axis, the larger the distance 
between image point and image center as shown in 
Fig. 4, Devernay and Faugeras [11] derived the field-
of-view (FOV) model,  
 

)
2

tan 2(tan
1 1 ω
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(4) 
 
where ω is the distortion parameter associated to field 
of view; and the inverse function is 
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(5) 

 
One calibration example is shown in Fig. 5. 
 
 

 

rd  
 

ru  

Optical axis 
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θ 2 
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Fig. 4. Devernay-Faugeras FOV distortion model. 
 
 
3. Top-view Transformation 
 

There are several methods to generate top-view 
images. One of the simplest methods is using least-
square calibration method to generate the top-view 
images. In the least-square method, we need a virtual 
image plane to present the desired top-view image. 
The idea is described as follows and shown in Fig. 6.  

A calibration board with regular grid mesh is put 
in the view field of the rear camera. Assume a virtual 
camera is rightly above the calibration board facing 
down to the calibration board. It means that the 
virtual image plane is parallel to the calibration board; 
thus the grid mesh in the virtual image is completely 

like that on the calibration board. Consequently, we 
take the grid mesh on the capture image and 
calibration board to calibrate the relation between 
real and virtual cameras to generate the top-view 
images.  
 
 

  
 

(a)                                             (b) 
 

 
 

(c) 
 

Fig. 5. An example of distortion correction. (a) Original 
image. (b) After distortion correction. (c) After top-

view transformation. 
 
 

 
 

Fig. 6. The least-square calibration method. 
 
 

Assume the coordinates of an image point pi is 
(ui, vi) and its corresponding point pv on the 
calibration board is (xi, yi); then  
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where s is a scaling factor for adjusting the scale of 
the desired image. The formula is derived as  
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Then we can derive two linear equations from Eq.(7), 



Sensors & Transducers, Vol. 25, Special Issue, December 2013, pp. 44-51 

 47

⎩
⎨
⎧

=−−++
=−−++

iiiiiii

iiiiiii
vvyhvxhhyhxh
uuyhuxhhyhxh

3231232221

3231131211 . (8) 

 
If there are n corresponding points on real and 

virtual images, we have 2n linear equations and then 
put these equations into a linear system as  
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(9) 

 
The equation is simply written as 
 

C2n×8 h8×1 = p2n×1. (10) 
 
If n ≥ 4, x can be calculated by the least square 
method 
 

h = (C T C) -1 C T p. (11) 
 
H is then reconstructed from h. The top-view image 
can then be inverse transform from the capture image 
by the homography matrix H. One example is shown 
in Fig. 5 (c). 

The top-view transformation can also be 
completed by the previous camera calibration 
processes. Rewriting Eq.(1) in more detail, 
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(12) 

 
If the 3D points are all on ground; that is, Zi = 0, then 
the equation is simplified as  
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where Hi is just the homography transformation from 
ground plane to image plane. If we also construct the 
transformation matrix Hv for transforming from the 
ground plane to the virtual image plane; then Hv Hi

 -1 
is just the homogrpahy transformation matrix from 
real image plane to the virtual image plane. 
 
 
4. Feature Matching 

 
Matching two continuous images to acquire the 

motion parameters of the host vehicle, we need to 
extract feature points in advance. Rosten-Drummond 
FAST corner detector [12] was utilized to acquire 
corner feature points for matching. 

Lowe [13] has proposed the scale-invariant 
feature transform (SIFT) for feature extraction and 
matching. SIFT is an excellent feature and method for 
application; however, it is very time consuming. In 
general, the vehicle speed is slow during parking and 
then the difference between two continuous images is 
small; thus a SAD-based matching method was 
alternatively used for feature-point matching. 

For corner point (u, v) on image I t matching a 
corner point (u'k, v'k) on image I t-1, the sum of 
absolute difference (SAD) criterion is defined as 
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(14)
 

 
where f (u, v) is the gray level of pixel (u, v), K is the 
number of corner points on I t-1 and N is the radius of 
the window for computing a SAD. One example of 
corner-matching result is shown in Fig. 7. 
 
 

  
 

(a)                                            (b) 
 

  
 

(c)                                            (d) 
 

Fig. 7. Feature point matching. (a) The corner points on 
image I t. (b) The corner points on image I t-1.  

(b) The extracted point pairs. (c) The yellow lines  
are the credible point pairs. 

 
 
5. Generation of Vehicle Trajectory 

 
Ackermann geometry [6] described the motion 

trajectory of a four-wheel vehicle as shown in Fig. 8. 
In moving, all wheels have their axles arranged as 
radii of a circle with a common center point p. As the 
rear wheels are fixed, this center point must be on a 
line extended from the rear axle. Thus the center 
point can be found as the intersection of the rear-
wheel and front-wheel axles. 

We have no steering sensor, so we cannot get the 
directions of the front wheels directly. Here we use 
the movement of the vehicle to obtain the wheel 
direction based on the feature points on images. 

We have designed two methods to generate 
vehicle trajectory. One is based on the concept of 
coordinate transformation and the other is based on 
the shift of centroid of the feature points. 
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Fig. 8. Ackermann steering geometry and vehicular 
trajectory. 

 
 

5.1. Coordinate Transformation Method 
 
We analyze the geometric transformation 

between two continuous images based on the 
extracted feature point pairs as shown in Fig. 9. The 
isometric coordinate transformation model  
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is used to simulate the Ackermann steering geometry 
to describe the vehicle motion. According to the 
Ackermann steering geometry, the vehicle is rotated 
with respect to a center point p = (a, b). We use 
Eq.(15) to describe the vehicle motion from t-1 
coordinate system (u’, v’) rotating θ  angles to t 
coordinate system (u, v). 
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Fig. 9. The coordinate transformation model. 
 
 

If we set c = cos θ and d = sin θ, then Eq.(15) can 
be rewritten as two linear equations 
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then Eq.(17) becomes two linear equations of four 
unknowns c, d, e, and f , 
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If there are n corresponding points on the two 
continuous images, we can get 2n linear equations. 
Integrating these equations to form a linear system 
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The equation is simply written as 
 

b = A x, (21) 
 
then the unknowns (c, d, e, f) can be estimated by the 
least-square estimation method, 
 

x = (AT A) -1 A T b. (22) 
 
At last, the center point (a, b) can be found by Eq.(18) 
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Since 1sincos 22 =+ θθ ; that is, 122 =+ dc ; thus 
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and θ = tan-1 (d/c). 

Some point pairs may involve more error; thus 
these point pairs should be pruned out. We utilize the 
square error to prune the point pairs which have more 
error. Substituting a point pair [(ui, vi) (u’i, v’i)] into 
Eq.(19) to compute the square error 

 
[ ] [ ]22 ))     fvcudvevducu iiiiiii −′−′−+−′+′−=ε . (26) 
 



Sensors & Transducers, Vol. 25, Special Issue, December 2013, pp. 44-51 

 49

If the error is greater than a pre-defined threshold 
value, the point pair is discarded. After that, all 
remained point pairs are used to re-compute the least-
square estimation of transformation parameters again. 
At last, the parameters a, b, and θ are used to 
generate the vehicular trajectory.  

With the coordinate transformation method, the 
vehicular trajectory is generated and then the parking 
guiding lines are drawn on top-view and original 
images as examples shown in Fig. 10.  

 
 

  
 

(a)                                              (b) 
 

Fig. 10. The parking guiding lines. (a) drawn on the top-
view image. (b) drawn on the original image 

 
 
5.2. Centroid Shift Method 

 
This second method needs no feature-point 

matching and then is time saved. The centroid of all 
extracted feature points in one image is used to define 
the location of the vehicle in the world coordinate 
system. The centroid is regarded as independence to 
rotation; thus two centroids of feature points in two 
continuous images are used to find the move 
direction of the front wheels as shown in Fig. 11. 
 
 

 
 

Fig. 11. The vehicular trajectory model on world 
coordinate system. 

 
 

Assume the centroid coordinates of feature points 
in images I t-1 and I t are (u1, v1) and (u2, v2), 
respectively. The trajectory arc passes through points 
(u1, v1) and (u2, v2); the line between (u1, v1) and (u2, 
v2) must be a chord of the circle trajectory. The 
perpendicular line of the chord must pass through the 
center point (cu, cv) of the circle trajectory; so the 
equation of the perpendicular line (radius of the circle) 
can be defined as 
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where e = - (u2 - u1) /(v2 - v1) is the slope of the 
perpendicular line. 

We have stated that the center point is located on 
the extended line of the rear axle. If current image is I 

t, the rear axle is parallel to the u-axis of image. 
Assume the equation of the rear wheel axle line is v = 
v0, where v0 is a constant and was previously 
calibrated. The center point coordinates are just the 
intersection of two axles. The coordinate of cu can be 
obtained by substituting vc = v0 into Eq.(27), 
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6. Experiments 
 

The proposed methods were implemented with 
C++ language, tested on a PC-based platform with 
Intel® Core2 Duo 2.66 GHz CPU, and run on an 
embedded system with 1 GHz ARM Cortex A8 CPU. 
A low-cost wide-angle camera with a view field of 
136o angle in horizontal and 115o angle in vertical 
was used to capture images. 

In the current implementation of generating 
vehicular trajectory, although the centroid shift 
method is faster than the isometric coordinate 
transformation method; the isometric coordinate 
transformation method generated less error than the 
centroid shift method; thus the isometric coordinate 
transformation method was adopted in the following 
experiments and analysis. Both perpendicular parking 
and parallel parking to parking spaces were 
demonstrated as examples shown in Figs. 12 and 13. 
The guiding lines are drawn according to the 
transformation parameters in real time. Run on the 
embedded system with 20 frames per second. The 
top-view parking guidance images can also been 
alternatively provided to the drivers. 
 
 

  

  
 

Fig. 12. A sequence images of perpendicular parking. 
 
 

We totally generated six vehicle trajectories with 
different steering angles to analyze the accuracy of 
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the guiding lines. The steering angles include 0, 90, 
180, 270, 360, and 450 degrees. The average and 
standard deviation of the deviation distances on each 
trajectory are given in Table 1. The deviation errors 
are small in small steering angles, but the errors are 
growing during the steering angles are increased. The 
proposed isometric coordinate transformation is 
theoretically proper to the geometric transformation 
of vehicle motion; however the (rotation) center point 
is very sensitive to the extracted point pairs. Different 
sets of point pairs in multiple continuous images may 
result in vibrated center points and then generate 
guiding lines with larger errors. 

 
 

  

  
 

Fig. 13. A sequence images of parallel parking. 
 
 

Table 1. Accuracy of the generated vehicle trajectories. 
 

 0 o 90 o 180 o 270 o 360 o 450 o 
Average 2.03 3.28 4.16 5.73 7.65 8.22 
Standard 
deviation 1.52 2.31 3.27 3.84 4.93 6.36 

Maximum 6.54 12.64 16.39 20.71 22.44 30.34
 
 

7. Conclusions 
 

In this paper, a vision-based parking guidance 
(IPG) system is proposed to help drivers parking 
their cars into parking space. The proposed system 
only uses an embedded hardware and a wide-angle 
camera to capture images for vehicle trajectory 
generation; the proposed system needs no steering 
sensor; it is a money-saved technique; moreover, it is 
suitable for used cars and after-market usage.  

The proposed system only relies on image 
analysis; it may results in larger error in the guiding 
lines. The isometric transformation is theoretically 
proper to the geometric transformation of vehicle 
motion; however the (rotation) center point is very 
sensitive to the extracted point pairs. The trajectory is 
vibrated during driving backward. 

In the future, a motion analysis method will be 
proposed to estimate the geometric transformation. It 
is directly using optical flow to estimate motion 
vectors for trajectory generation without feature 
matching. The least-square-version Lucas-Kanade 

optical flow method [14, 15] can used to estimate the 
motion vectors. On the other hand, a stabilization 
method based on the learning principle will also be 
provided to stabilize the trajectory. We hope that the 
stability of parking guiding lines generated by the 
proposed method is the same as that of using steering 
sensor. Moreover, the obstacle detection [16] should 
be added to enhance the system benefit. 
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