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Abstract: This paper describes a camera-based position measurement system for automatic tracking control of a rubber Tired Gantry 

Crane (RTGC). An automatic tracking control of RTGC depends on the ability to measure its displacement and angle from a guide 

line that the RTGC has to follow. The measurement system proposed in this paper is composed of a camera and a PC that are 

mounted on the right upper between front and rear tires of the RTGC’s side. The measurement accuracy of the system is affected by 

disturbances such as cracks and stains of the guide line, shadows, and halation from the light fluctuation. To overcome the 

disturbances, both side edges of the guide line are detected as two straight lines from an input image taken by the camera, and 

parameters of the straight lines are determined by using Hough transform. The displacement and angle of the RTGC from the guide 

line can be obtained from these parameters with the robustness against the disturbances. From the experiments with the disturbances, 

we found the accurate displacement and the angle from the guide line that have the standard deviations of 0.95 pixels and 0.22 

degrees, respectively. 
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I. INTRODUCTION 

Container cranes are widely used to handle cargo in terminals 

and play an important role in efficient cargo shipping. Recently, 

improved cranes have been required for lower costs and improved 

shipping times, owing to the increased amount of cargo being 

handled. A RTGC (Rubber Tired Gantry Crane) is one of the 

improved cranes and is mainly used to handle cargo stacked in the 

terminals. For achieving more efficient handling, the automatic 

tracking control of the RTGC has been studied [1-3].  

The automatic tracking control requires a relative position 

including a displacement from and an angle from an ideal path 

followed by the RTGC. To measure the relative position, 

traditional measurement systems have been developed by using a 

GPS [4], a camera, or a magnetic sensor [5]. A GPS based system 

uses multiple receivers of which two are placed onto the RTGC 

and one is located at a known location [4]. The position of the 

RTGC is measured with the acquired data from these receivers. 

This measuring principle allows the system to easily change the 

ideal path. However, the relative distance between two receivers 

on the RTGC may be changed due to the lower rigid structure of 

the RTGC, which may cause the decrease of the measurement 

accuracy. In contrast, the measurement system with a camera or a 

magnetic sensor directly measures the relative position of the 

RTGC from a guide line that represents the ideal path. The system 

with the magnetic sensor requires buried magnetic devices as the 

guide line. However, the buried magnetic devices tend to require a 

large amount of construction cost and have difficulty of changing 

the ideal path. On the other hand, the camera based system uses a 

painted guide line on the ground, which can easily be changed in 

relatively low cost. However, the measurement accuracy of the 

camera based system is affected by many disturbances such as 

cracks and stains of the guide line, shadows, and halation from the 

light fluctuation.  

We propose a camera based measurement system that 

overcomes these disturbances. The proposed measurement system 

is composed of a camera and a PC that are mounted on the right 

upper between front and rear tires of a RTGC’s side. In the 

measurment system, the both side edges of the guide line are 

extracted as two straight lines with edge detection. From these 

edges, prameters of the straight lines are calculated with Hough 

transform. Consequently, the relative position of the RTGC can be 

measured. From the experimental results conducted with the 

system, the robustness and the measurement accuracy of the 

system are verified. 

 

II. SYSTEM DESCRIPTION 

The automatic tracking control of RTGC requires measurement 

of its relative position including a displacement from and a angle 

to a guide line that represents an ideal path. The measurement 

system proposed in this paper measures the relative position by 

detecting the guide line from an input image. Fig. 1 schematically 

shows the measurement system. The system is composed of a 
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camera and a PC that are mounted on the right upper between 

front and rear tires of a RTGC’s side. When the RTGC moves 

correctly following the guide line, the guide line is captured at the 

center of an input image in parallel with Y axis. Therefore, the 

displacement is defined as the distance from the center of the line 

to the origin of the image on X axis, and the angle is also defined 

as the angle to Y axis. 

 

III. POSITION MEASUREMENT WITH IMAGE 

PROCESSING 

In the practical job site, the measurement accuracy of the 

system suffers from disturbances such as cracks, stains, shadow, 

and halation on the guide line as shown in Fig. 2. The crack and 

the stain on the guide line in Fig. 2(a) are made by RTGCs and 

trucks passing through. The shadow shown in Fig. 2(b) often 

arises from the relationship of RTGC and stacked cargo with light 

sources. The light sources also make halation in images (Fig. 2(c)). 

The robustness against these disturbances is required for the 

system in order to attain high measurement accuracy. 

Fig. 3 shows the processing flow of the proposed measurement 

system. To overcome the robustness, the measurement system 

employs edge detection and Hough transform for position 

measurement. In the measurement system, edge detection is 

conducted in order to extract both side edges of the guide line 

after image acquisition. The extracted edges of the guide line can 

be regarded as two straight lines. Therefore, the parameters of the 

lines are calculated by Hough transform. With these calculated 

parameters, the relative position of the RTGC can be measured. 

1. Edge detection 

Generally, the edge detection extracts edges of objects as the 

intensity changes in an input image by using n×n convolution 

filters [4]. In the measurement system, 3×3 two sobel filters Sx(i, j), 

Sy(i, j), shown in (1) are used and convoluted with the input image.  
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The convolutions of the input image, I, with the Sx(i,j), Sy(i,j) 

are shown as 
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where, Dx(x, y) and Dy(x, y) are processed images that contain 

intensity changes on the directions of X and Y axes, respectively. 

From these processed images, an edge image E(x,y) is calculated 

with a threshold, t, as follows 
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where, E(x,y)=1 means edges of objects in the input image. Fig. 4 

shows the results of the edge detection. Fig. 4(b) shows an edge 

image E(x,y) from an input image of Fig. 4(a). From Fig. 4(b), it is 

seen that the both side edges of the guide line are extracted. 

The extracted edges can be regarded as two straight lines. 

Measurement system

Guide line

X

Y

?

x

Input image

Camera

Guide line

camera

그림 1. 계측시스템 개략도. 

Fig.  1. Schematic diagram of the measurement system. 

(a) Crack (b) Shadow 

 
(c) Halation (Reflection) 

그림 2. 외란이 수반된 영상. 

Fig.  2. Disturbances of input images. 

 

Position measurement

Hough transform

Edge detection

Image capture

 

그림 3. 화상처리 순서도. 

Fig.  3. Processing flow of the proposed system. 

 

(a) Input image I(x, y) (b) Edge image E(x, y) 

그림 4. 소벨필터를 이용한 입력화상으로부터의 에지검출. 

Fig.  4. Edge detection from an input image with Sobel filters. 
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These two lines are useful to calculate the relative position of the 

RTGC. However, E(x, y) also contains other edges on the cracks 

or the road that make it difficult to extract the lines. To accurately 

find the lines, Hough transform is used. 

2. Hough transform 

Hough transform is a method to detect straight lines from an 

edge image and represents the lines in ρ-θ plane with (4) [4]. 

 cos sinx yρ θ θ= +  (4) 

In the Hough transform, each image coordinates (x,y) with 

E(x,y)=1 is transformed into a curve passing through the 

corresponding coordinates in ρ-θ plane. Consequently, the curves 

on a straight line in E(x,y) intersect a Hough space coordinate 

(ρ,θ), which is the parameter of the straight line. Fig. 5 shows 

Hough transformation concerned with the edge image in Fig. 4(b). 

The right image of Fig. 5(b) represents the Hough image H(ρ,θ) 

from E(x,y), where each pixel value represents the number of 

curves passing through the pixel. Therefore, the coordinates of 

pixels with local maximum values can be regarded as parameters 

of straight lines. In the measurement system, two coordinates with 

the top two local maximum values are detected as the parameters 

of the two straight lines of the guide line (ρL,θL), (ρR,θR), where 

ρL<ρR.. 

3. Position measurement 

The relative position of the RTGC from the guide line is 

measured with parameters of two straight lines (ρL,θL), (ρR,θR). Fig. 

6 shows the measurement principle. In the measurement principle, 

we suppose an ideal line with the width of 1 pixel which lies 

midway between two lines. The parameters of the ideal guide line 

(ρ,θ) is calculated from (ρL,θL), (ρR,θR) with (5),  

 ( ), ,
2 2

L R L R
ρ ρ θ θ

ρ θ
+ + 

=  
 

 (5) 

where, θ is the angle of the RTGC to the guide line. The 

displacement of the RTGC from the guide line in an input image, 

x, is defined on X axis and is calculated from (4),  

 
cos

x

ρ

θ
=   (6) 

The actual displacement of the RTGC, D, is calculated with the 

ratio of the line width in the image to the actual one, L,  
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IV. EXPERIMENT 

We evaluated the measurement accuracy of the measurement 

system by using input images that contained a guide line with 

disturbances in outdoor environments. We used a hundred of input 

images that were taken with Panasonic Lumix DMC-FX520 and 

had the size of VGA (Width 640 × Height 480). Forty images 

contained cracks and stain, other forty images contained shadows 

on the line, and rest twenty images had halation on the line, 

respectively. From these images, the relative positions of RTGC 

were calculated with the system, which was composed of CPU: 

Core2TM Duo 2.1 GHz, RAM: 2.0GB, and Matlab R2008b. In the 

system, edge detection, Hough transform, and detection of local 

maximum values were implemented with Matlab functions, 

referred to edge, hough, and houghpeaks, respectively [5]. In the 

experiment, the threshold t=0.1 was given to the function edge.  

Fig. 7 shows the experimental results on the edge detection and 

Hough transform, where the Hough images contains detected 

coordinates (ρL,θL), (ρR,θR). Although edges of the cracks in Frame 

1 were extracted in the edge image, two coordinates for the both 

side edges of the guide line were correctly detected. In Frame 53, 

since edges of the shadow were detected that passed over the 

guide line, three local minimum values seems to be contained in 

the Hough image. However, the number of edges of the line made 

by the shadow was smaller when it was compared with the 

number of the edges of the guide lines, so that the coordinates 

were properly found. In Frame 76, although shadows that are 

parallel to the guide line appeared, the correct coordinates were 

properly found, too. In Frame 97, the left side edges of the guide 

line could not be detected due to the effect of the halation. 

Nevertheless, the correct parameters were obtained from the 

Hough images.  

From the obtained parameters, we measured the displacements 

and angles with the system. For comparison, we manually 

calculated the displacements and angles as true values. Fig. 8 

shows the measurement results. From the Fig. 8, the measurement 

succeeded in large range. In addition, Fig. 9 shows the 

measurement errors obtained from the comparison of measured 

values to true values. Unfortunately, the measurement errors of 

6.46 pixels of x and 1.67 degrees of θ in Frame 58 are relatively 

bigger than other errors. However, because other measurement 

 

(a) Edge image E(x, y) (b) Hough image H(θ, ρ) 

그림 5. 에지화상의 Hough변환 결과. 

Fig.  5. Hough transform concerned with an edge image. 

 

 

그림 6. 위치계측기법 개요. 

Fig.  6. Scheme of position measurement. 
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(a) Measurement error of displacement x 
 

(b) Measurement error of angle θ 

그림 9. 실험을 통한 계측 오차 평가. 

Fig.  9. Measurement error obtained from the comparison of 

measured values to ideal values. 

(a) Measured results of displacement x 
 

(a) Measured results of angle θ 

그림 8. 실험을 통한 계측값 비교 결과. 

Fig.  8. Experiment results with the ideal values for comparison. 

Frame 1 (Crack) Frame 53 (Shadow) Frame 76 (Shadow) Frame 97 (Halation) 

그림 7. 촬영된 영상으로부터의 에지검출 및 Hough변환 실험결과. 

Fig.  7. Experimental results on Edge detection and Hough transform. 
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errors are less than 2 pixels of x and 0.5 degrees of θ, the averages 

and standard variances are -0.17/0.95 pixels of x and 0.01/0.22 

degrees of θ, which are enough small, respectively. In addition, 

abrupt errors like ones in Frame 58 may be eliminated by 

applying a linear filter like a Kalman Filter [8]. Therefore, we can 

expect that the measurement system has enough performance to 

satisfy the measurement accuracy required by the automatic 

tracking control of RTGC. 

 

V. CONCLUSION 

This paper described a camera-based position measurement 

system for the automatic tracking control of the RTGC, which 

measures the relative position from a guide line that RTGC 

follows. The measurement system is composed of a camera and a 

PC that are mounted on the right upper between front and rear 

tires of a RTGC’s side. And it measures the relative position from 

an input image taken by the camera. To attain the robustness 

against disturbances such as craks, stains, shadow, and halation on 

the guide line in the image, the measurement system employs 

edge detection and Hough transform as image processing methods. 

In the edge detection, both side edges of the guide line are 

extracted by using two sobel fiters and are regarded as two 

straight lines. From the extracted edges, two prameters of the 

straight lines are calculated with Hough transform. Consequently, 

the relative position of the RTGC can be measured. The 

performance of the measurement system was evaluated by using 

input images containing a guide line in outdoor environments. 

From the experimental results, the prameters of two straight 

lines were correctly detected from the line with the disturbances. 

From the detected parameters, the relative positions were 

measured with the -0.17/0.95 pixels of the erros of displacement 

on average and standard variance, and 0.01/0.22 degrees of the 

errors of the angle. From these results, we can expect that the 

measurement system has enough performance to satisfy the 

measurement accuracy required from the automatic tracking 

control of RTGC. 
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