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1. INTRODUCTION   

Under the pinhole camera model, as the parallel

lines in the 3D world are projected in a perspective

projection, they meet at certain points known as

the vanishing points. They are points of inter-

section of those parallel lines projected in a per-

spective plane. Vanishing point detection has been

focused for a long time because it is very important

in several applications such as camera pose de-

tection, robotic vision, autonomous navigation etc.

There are various methods for vanishing point de-

tection based on the application and the target en-

vironments[1,2,6,7,8].

Although human eyes can easily detect a van-

ishing point using a few parallel lines in a space,

getting it using a computer system is not a simple

task. Existing vanishing point detection methods

mainly exploits a number of edges obtained using

the gradient magnitude of an edge pixels to be

above a certain threshold, which is difficult to be

determined due to the weak edges and image

noises. A large number of edges or lines aligned

to one or more dominant directions is used to de-

termine the vanishing points. As there might be

a lot of lines obtained from one image, finding right

candidate lines for detecting vanishing points is a

challenging task.

One of the common approaches for finding right

candidate lines is using the Hough Line Transform

[11] which is based on examining the parameter

space for lines by mapping pixels in the image to

parameter space. Hough transform detects lines

using the parametric representation of a line
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  sin where the  is the angle of its nor-
mal and the  is its algebraic distance from the

origin. Fig. 1. shows straight lines   cos  sin
represented in the parameter space.

Hough transform method is based on the point-

line duality. A straight line in the image plane can

also be represented as a point in the parameter

plane. Such dual property of point-to-curve is used

to find the co-linear points in the image. Probabil-

istic variation of Hough transform technique is

used to estimate the straight lines from the de-

tected edges in an image[6].

However in the real-world scenario, an image

may have several such straight lines and more ad-

ditional computation is required in order to find

right candidate lines that will be used to detect a

vanishing point. Detecting those lines is a chal-

lenging task as a lot of lines often create ambiguity

while finding the vanishing points. while there are

several approaches for selection of right candidate

lines, they involve techniques requiring high

computation.

In this paper, we propose a new approach that

makes use of the reference objects with rec-

tangular shape to detect vanishing points without

high computation for selection of lines. Such rec-

tangular objects can either be detected in the scene

or can be placed manually in the scene. In the pro-

posed approach the rough shape of a reference ob-

ject is detected using contour detection technique.

After finding the contour, precise rectangular

shape is drawn using contour approximation.

This paper is organized as follows. Section 2 de-

scries related works with our proposed approach.

Section 3 describes the basic concepts and proc-

esses used in our method. Section 4 shows ex-

tensive experiments to compare the proposed ap-

proach with the existing edge detection approach.

Performance comparison on the accuracy of van-

ishing point position is described. Discussion on

some qualitative aspects are included. After noting

some possible applications of the proposed ap-

proach, we conclude in the section 6.

2. RELATED WORKS

There has been extensive researches in the past

related to vanishing point extraction. In many of

the existing approaches[1,2], the vanishing point is

detected using the line segment clustering techni-

que based on Manhattan world assumption[4]

where the image contains three mutually orthogo-

nal vanishing directions. Some other research

works[9, 10] are based on the Atlanta-world as-

sumption[5] where a horizon line connects multiple

vanishing directions. Such assumptions with com-

plex man-made environments rely on finding the

line segments in the image, and such images usu-

ally have line segments aligned in different direc-

tions. Moreover, various validation techniques like

Random sample consensus(RANSAC) based algo-

rithms[3, 18] or Expectation–Maximization[7] re-

quires identification of groups of lines in con-

current directions. The Interval Hough Transfrom

based approach[19] uses direction information dur-

ing Hough Transform in order to select lines from

detected edges. As this approach requires direction

information of edges, ambiguity still may happen

during the selection of the prominent lines.

Recent approaches use deep learning for predict-

Fig. 1. Relation of Hough Parameters  ,  ,  ,  to 

the lines  and  .
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ing vanishing points. Deep learning methods in-

volve feature extraction, artificial neural network

modeling, and training of the model and the pre-

diction. After getting a coarse prediction from the

convolutional neural network, vanishing points are

selected using iterative methods for likelihood esti-

mation such as Expectation Maximization Techni-

que. Kluger et. al[7] proposed a deep learning based

method which operated on the images generated

using Gaussian sphere representation of lines and

points using inverse gnomonic projection. Their

results showed that such method does not perform

well on the images where there were no orthogonal

vanishing points. Moreover, the neural network

models require time for training which adds com-

plexity to the system.

Similar to the reference object, chessboard pat-

tern is also used for vanishing point detection by

finding the corners in the chessboard pattern. In

the past various methods have been proposed for

corner detection. One approach is finding the edges

first and detecting the intersection by fitting lines

to those edges[14]. Another method[15] involves

the user intervention for selecting the four outer

corners of the chessboard. The prior knowledge of

number of rows and columns is also used to detect

the internal corners of the board. Unlike the chess-

board based method the reference object based

method does not require the detection of corners

through edge detection, the rectangular shape is

identified by smoothing of a contour. The reference

object based method has broader application do-

main as it can also be applied to the existing rec-

tangular shape in the scene.

For vanishing point detection in natural scene

images, identifying and clustering edges becomes

much more difficult than in human-made environ-

ments. Recent work[16] proposes to combine a

contour-based edge detection with J-Linkage

clustering[17] to better detect weak yet important

edges in natural landscape scene images. However

it cannot handle images in which the linear per-

spective ie absent. The reference object based ap-

proach can be an alternative to determine vanish-

ing points in such situations if any reference object

is allowed to be used.

3. THE PROPOSED APPROACH

The following required process for this method

involves detection of a rectangular object, finding

the corners of the rectangle and projecting the

sides of the rectangle formed by those points to

find the intersections.

3.1 Detection of the Rectangular object

Detection of the rectangular object involves

some knowledge about the environment. It starts

from identifying a reference object. An existing

rectangular object in the source image is used as

the reference object. The reference object might

be obtained using a marker which is placed tem-

porarily on the scene if the source image can be

obtained at spot in some applications like camera

calibration. In order to speed up the process by re-

moving noise, the prior knowledge about the posi-

tion(or the minimum covering region) of the refer-

ence object in the scene is also needed. Based on

the knowledge about the position of the reference

Fig. 2. Flowchart for the reference object based vanish-

ing point detection.
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object, all the background except the region with

reference object is removed for noise reduction.

The background removal techniques such as

GrabCut algorithm[12] is used to remove the

noise.

3.2 Finding corners

Contour detection methods are used to find the

contours of an object. Since most of the noise is

removed from the image as described in section 3.1,

now the reference object can easily be detected us-

ing contour detection. After performing Gaussian

blur and thresholding operation on the image, con-

tours are detected. The corners of the contours are

detected using contour approximation technique.

Douglas Peucker Algorithm, also known as the

iterative end-point fit algorithm, can be used for

contour approximation[13]. It can be used to change

a curve into a similar curve with fewer points. It

reduces the number of points in a line while retain-

ing the most representative points. Given an or-

dered set of points of lines and the distance di-

mension e > 0, the Douglas Peucker algorithm re-

cursively divides the line and discards the points

which are closer than e. Fig. 3. shows an example

of smoothing contour of a polygon to a rectangular

object.

3.3 Vanishing point determination

As the contour of the reference object has been

identified as a rectangular object, the lines opposite

to each other are selected and used to determine

a vanishing point. Note that the set of the candidate

lines to be considered for a vanishing point will be

dramatically reduced compared with the approach

which is based on edge detection of the whole

image.

Fig. 4 summarizes the algorithms for the 2 van-

ishing point detection approaches, the conventional

approach using edge detection, and the proposed

approach using the reference object, respectively.

Fig. 3. An example for smoothing of contour using the 

Douglas Peucker Algorithm.

Algorithm 1 Vanishing Point detection using Edge Detection

Input: Image file

Output: Vanishing Point as image coordinates

1. Detect edges using Canny edge Detection

2. Fit lines using Hough Line Transform

3. Vanishing point detection using intersection of the lines.

(a)

Algorithm 2 Vanishing Point detection using Reference Object

Input: Image file, coordinates of region specifying the position of Reference Object

Output: Vanishing Point as image coordinates

1. Remove background using Grabcut algorithm based on the specified location of the reference object.

2. Detect contour of the reference object

3. Smoothen the contour using Duglous-Peucker algorithm to form a rectangle.

4. Vanishing Point detection using the sides of the rectangle.

(b)

Fig. 4. Comparison of algorithms for vanishing detection, (a) using edge detection, (b) using the reference object.
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4. EXPERIMENTS

4.1 Environments for the experiments

The proposed approach was tested in a computer

with Intel(R) Core(TM) i5-3470 3.2 GHz CPU and

8 GB memory. The experiments were run on 64-bit

Windows 10 operating system with the PyCharm

Python IDE using the OpenCV 3.3.1 python

libraries.

4.2 Results and Evaluation

In the experiments we compared the classical

edge detection based approach with the contour

based approach using a reference object which is

proposed in this paper. Fig. 5. shows the test im-

ages used for the experiments. They were obtained

from indoor lounge scenes. The images were of the

same size, measuring 1800 × 1012. An A-4 size

white paper in the image was used as a reference

object.

Fig. 6(a) shows the detected edges for the test

image 1 after the Canny edge detection. When

straight lines are determined by the following step

of Hough transformation, the next step is to de-

termine vanishing points. However the vanishing

point detection becomes challenging if there are too

many line segments in the scene, or a large number

of line segments are dispersed. Note that line seg-

ments in Fig. 6(b) are the result of Hough trans-

form. The line segments longer that a threshold are

included in the final line segments. Note that the

edges around the reference object has not passed

the threshold, and excluded from the final line

segments. This means that the edges around the

reference object happened to be a set of very short

line segments. Line smoothing techniques de-

scribed in section 3.2 will be very helpful like this

situation. If the threshold value for the minimum

line length in Hough transformation process was

reduced, the line segments around the reference

object has been include in the result. However

there would be much more (or maybe too many)

(a) (b) (c)

Fig. 5. Test Images, (a) Image 1, (b) Image 2, (c) Image 3.

(a) (b)

Fig. 6. Vanishing point detection using edge detection for the Image 1, (a) detected edges, (b) lines after Hough 

transformation.
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lines generated as a side effect, which might be

not desirable.

Fig. 7(a) shows the result of vanishing point de-

tection for the Image 1 from the proposed approach.

The process of finding a vanishing point first de-

tects contour of a reference object. Its corners are

found using polygon approximation technique.

When the rectangular shape is identified we can

detect the required lines to detect a vanishing point.

In the result the vanishing point has been clearly

identified in contrast with the case of edge de-

tection in Fig. 6(b). We have tested the application

of the edge detection for the same image by re-

stricting the area of edge detection exactly same

to the case of Fig. 7(a). Fig. 7(b) shows the result.

Although the lines were detected, it failed to find

a vanishing point because there are too many lines

detected, and they did not form a point into which

a large part of the lines meet together. This result

show the advantage of using contour detection to

determine the necessary line for the vanishing

point.

Fig. 8(a), (c) show vanishing point detection us-

ing edge detection method and (b),(d), using the

proposed method, respectively. In (c) and (d) the

real vanishing point is expressed using the sepa-

rate blue lines. The result shows that the proposed

contour detection method using a reference object

performs comparably well to the conventional edge

detection approach. The results from the Fig. 6, 7

and 8 implies that our approach can be used as an

alternative method for finding vanishing points for

more wide range of situations. Furthermore it can

handle situations even when edge detection method

is not applicable.

The Fig. 9 shows another example of the scene

which has a known rectangular object with dis-

tinctly visible parallel borders. In this example a

container for fluorescent lamps was used as the

reference object. In such a case a pair of vanishing

points can be calculated by extending the sides of

the known object.

For more detailed quantitative evaluation, we

compared our approach with the traditional edge

detection based approach which involved Canny

edge detection followed by Hough transform. To

compare the accuracy of the two approaches, we

calculated the ground truth vanishing points man-

ually by using the lines formed by the sides of the

reference object. We use the Root Mean Square

Error(RMSE) as the accuracy metric. It is calcu-

lated using the Euclidean distance between the

ground truth vanishing point defined by    and

detected vanishing point defined by   . The

Euclidean distance  is calculated according to the

following formula.

  
   

     
 (1)

Accordingly RMSE is calculated from the fol-

lowing formula.

(a) (b)

Fig. 7. Vanishing point detection for the Image 1, (a) VP obtained from the proposed method, (b) Applying edge 

detection using exactly the same region with (a) only.
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RMSEn  

n

di  (2)

Smaller RMSE is interpreted to be better perfor-

mance. Table 1 shows the RMSE results. As the

table shows, the proposed approach has better per-

formance in the accuracy than the conventional

edge based technique.

In addition to the comparable accuracy, using

the reference object make it possible to reduce the

computation required in the steps like edge de-

tection and Hough Transform. This makes the

process of finding vanishing points faster. More-

over, it speeds up the vanishing point detection

process further, as no extra line selection technique

is required. The reference objects can also be com-

bined with the existing techniques to reduce com-

plexity wherever possible.

Qualitative evaluation of the proposed approach

can broadly be discussed based on following cri-

teria:

Speeding up the process. Since this approach

skips several steps like edge detection and Hough

(a) (b)

(c) (d)

Fig. 8. Vanishing Point Detection for the Image 2 and 3, (a) and (c) VP obtained using edge detection, (b) and 

(d) VP obtained from the proposed method.

Table 1. Comparison of vanishing point detection accuracy

Target

Image

Actual VP

(x,y)

Edge Detection based method Reference Object based method

VP Distance VP Distance

Image 1 (710, 24) - - (783, 333) 317.50

Image 2 (1420, 25) (1411, 20) 10.29 (1399, 78) 57.00

Image 3 (-20, -79) (252, 113) 332.36 (37, 0) 97.41

Image 4 (911, 333) (918, 338) 8.60 (925, 396) 64.54

RMSE 192.0 75.0



307Vanishing Point Detection using Reference Objects

Line Transform operations, which are common

among the state-of-the-art techniques, the van-

ishing point can be detected faster.

Simplicity. The proposed approach simplifies

the process of vanishing point detection especially

in the scenes with multiple straight edges. Use of

known rectangular objects in existing scene or

manually placing the rectangular object in the

scene makes it simple by directly detecting the

shape and finding vanishing point based on it.

Compared to the proposed technique, some state-

of-the-art machine learning techniques require

feature extraction[7] steps and alternative repre-

sentations of the labeled dataset for training the

model.

Accuracy. Use of known reference object and

precise detection of the reference object ensures

the accuracy of the vanishing points. However, the

accuracy in this approach mostly depends on the

preciseness of the contour detection and smoothing

of the contour. Vanishing point detection can be

improved further by optimizing the contour de-

tection process.

5. LIMITATIONS AND APPLICATION AREAS

The proposed approach assumes the reference

objects are in the image and it is identifiable. It

also assumes that the location(region) of the refer-

ence object is known to be used to detect contour

of it. So the applicability of the proposed approach

is currently dependent on the existence of the ref-

erence object in each input image, and the possi-

bility of user’s intervention to find the location of

it. Although we did not cover in this paper, utility

of the proposed approach will be greatly extended

if a procedure that detects any possible reference

object in images autonomically is incorporated. As

we showed in the paper, the proposed approach has

strength if any reference object can be used

successfully.

Based on the assumption of using reference ob-

jects, the proposed approach can be used in many

applications including lane detection for autono-

mous vehicles, navigation of the robots, camera

calibration and finding camera pose for 3D scene

transformation. One of our target application is to

overlay 3D contents seamlessly on a live video

stream. For an example, artificial 3D contents,

such as moving dinosaurs, are overlaid on a live

background of continuously changing outdoor

fields. The detection of the edges from the live

background might be sometimes very challenging

according to the weather or the capture time.

When possible, any reference object in the back-

ground will be used to detect vanishing points. In

case the outdoor field has no linear perspectives,

an artificial reference object can be used for the

same purpose.

(a) VP obtained using edge detection (b) VP obtained from a reference object

Fig. 9. Vanishing Point Detection with a known rectangular object, (a) VP obtained using edge detection, (b) VP 

obtained using an embedded known object
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6. CONCLUSION

In this paper, we have introduced a vanishing

point detection technique that exploits known ref-

erence objects in the target image. Extensive ex-

periments showed that the proposed approach has

comparable accuracy achievement. more flexible

applicability in that it can be effective in situations

where the conventional edge detection approach

might not apply.

By determining the contour of the reference ob-

ject and inducing a rectangle from it, the proposed

approach can reduce the candidate lines to be used

for detection of the vanishing point more simply.

It saves the required computation also, which be

necessary in the conventional edge detection ori-

ented methods. This approach is beneficial ex-

pecially in scenarios where the images have many

straight outlier lines or complex textures making

the detection of the vanishing point more difficult.

Further research includes the work related to en-

hancing the accuracy of the contour approximation

which is believed to make the detection more

accurate.
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