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Abstract—Augmented Reality is a new computer technology 

that combines virtual computer generated 3D graphics with 

realistic environments in natural visual perception. 

Augmented reality is a technology which allows 2D and 3D 

computer graphics to be accurately aligned or registered 

with scenes of the real-world in real-time. The occlusions 

usually cause a disappearance of the 3D model. Such 

behavior has substantial negative impact on the application 

usability. In this article we present a hybrid marker detection 

approach. With this approach, markers are detected using 

the well-known SURF method. This method is able to 

recognize complex natural objects and deal with partial 

occlusions. Further, we overcome the problem of 

distinguishing similar markers by using the Golay error 

correction code patterns. The described approach represents 

a robust method that is able to identify even significantly 

occluded Markers, differentiate similar markers, and it 

works in a constant time regardless of the amount of used 

markers. 

Keywords: Augmented reality, augmented prototyping, 

SURF, Golay error correction code. 

I. INTRODUCTION 

The augmented reality (AR) research has been running for 

almost two decades. Nevertheless, it is possible to find just a 

few applications for common users. There are several 

principal reasons. One of the key problems is the inability to 

deal with occlusions of markers that are used for scene 

augmentation. During the work with an AR application, a 

marker is frequently obstructed by different solid objects, 

e.g. users´ hands. Inability to identify such a partially 

occluded marker leads to frequent disappearances of a 

visualized 3D model. Despite the obvious importance, this 

problem is unsolved even in many well-known AR toolkits. 

There are briefly summarized current methods used for 

recognition of possible markers.  

II. TRACKING 

Tracking is an important component of augmented reality 

systems. Tracking means to determine and follow the 

position and orientation of an object with respect to some 

reference coordinate system over time. 

Tracking performance has also been improved by       

the Single Constraint at a Time (SCAAT) algorithm, which 

incorporates individual measurements at the exact time they 

occur, resulting in faster update rates, more accurate 

solutions, and auto calibrated parameters 

Tracking technologies may be grouped into three 

categories:  

 Active target 

 Passive-target 

 Inertial 

III. MARKER RECOGNITION METHOD 

The process of marker recognition is usually divided in two 

parts: marker detection and marker identification. The 

former involves recognition of video frame regions that may 

represent markers. The latter concentrates on verifying the 

identity of the markers. The marker identity defines which 

3D model will be displayed to the user. 

IV. MARKER DETECTION APPROACHES 

The registration process of all further described methods is 

influenced by many negative factors, e.g. low image 

resolution, camera distortion (caused by lens), various light 

conditions or marker occlusions. The methods endeavor to 

compensate most of these factors. For the purpose of the 

article, the methods are distinguished into three general 

groups according to their basic principles. 

Types of Marker Detection: 

(1) Morphology-based marker detection 

(2) Edge-based marker detection 

(3) Feature-based marker detection 

A. Morphology-based marker detection 

These methods are based on recognition of shapes in 

preprocessed images. An approach described in uses a 

system of concentric contrast circles (CCC).The marker is 

composed of a black circle around a white middle or vice 

versa. The detection process starts with image thresholding 

and noise removal. Further, connected components are 

found, and their centers are determined. The results are two 

sets of centers: centers of white connected components and 

centers of black connected components. CCC marker 

position is given by the cross section of black and white 

centers. The obvious limitation of these methods is their 

inability to deal with occlusions. Such occlusion causes a 

change in the image morphology. Therefore, the required 

shape cannot be detected. 

B. Edge-based marker detection 

These methods are more flexible with regard to the marker 

occlusions than the image morphology-based methods. One 

solution that is based on this principle is the AR Tag system. 

Although the ARTag markers are similar to the AR Tool Kit 

markers (significant is a thick black border), the 

implemented detection method is completely different. The 

AR Tag method is based on detection of edgels (edge 

pixels) of an object. Further, a set of lines is constructed 

from the found edgels. It is not necessary to detect all line 

edgels; therefore, the edge could be partially occluded. 



Marker detection using SURF Algorithm for Feature Detection in Augmented Reality 

 (IJSRD/Vol. 2/Issue 04/2014/51) 

 

 All rights reserved by www.ijsrd.com 200 

Finally, four corresponding lines represent edges of a 

potential marker. 

C. Feature-based marker detection 

These methods are based on key point’s detection. 

The key points are various regions of interest: 

edges, corners, blobs. To identify whether a given key point 

really represents a part of a marker, it is necessary to match 

it with a key point in a marker template. This matching 

process requires that both key points to be matched are 

described by gradient changes in their neighborhood. The 

process of key point 

V. MARKER IDENTIFICATION APPROACHES 

Morphological and edge-based detection methods are 

commonly used with following marker identification 

approaches: template matching and decoding of various 

binary codes. 

Match template identification is based on 

computation of a pixel value correlation between a potential 

marker and a list of templates. In case the correlation fulfills 

a given threshold, the marker is identified. Obviously, the 

method has a linear time complexity. It is necessary to 

compute correlations with all templates until the required 

one is found or all templates are tested. Moreover, it is 

difficult to choose a threshold that allows distinguishing a 

large amount of markers. Therefore, methods based on 

different binary codes are frequently used to compensate 

this problem. One of the possible codes is the Golay error 

correction code. 

A marker based on the Golay error correction 

code(ECC) can be composed of a large white square in the 

top left corner and e.g. 24 black or white squares that encode 

a number. The large square provides information about the 

marker orientation In the first step, a Golay ECC decoder for 

such a marker detects the position of the large white square. 

Further, it divides the code area into 24 blocks and 

calculates an average pixel value in all segments. Finally, 

the average value is thresholded to zero or one and the 

binary code is reconstructed. Possible implementation of the 

code reconstruction is outlined. 

A significant advantage of this approach is that the 

binary code is reconstructed in a constant time. Another 

important advantage is the ability to correct errors caused by 

occlusions or an image corruption. 

Finally, the amount of distinguishable markers is 

limited just by the binary code length. 

A feature-based method, such as the SURF is, is 

capable of both marker detection and marker identification. 

Therefore, it is not usually used with an identification 

method. As mentioned above, the method relies on 

searching for distinctive key points in a camera image that 

are then matched against image template descriptors. This 

process has linear time complexity because all template 

descriptors must be tested until the required one is found. 

VI. STEPS OF REGISTRATION 

(1) Feature detection, 

(2) Feature matching 

(3) Derivation of transformation function based on 

corresponding features in images  

(4) Reconstruction of images based on derived 

transformation function 

(5) Following are the basic steps for tracking an object, 

as describe in many literature 

VII. S-G HYBRID RECOGNITION METHOD 

The proposed identification method combines the positive 

properties of two previously mentioned methods. We take 

advantage of robustness of the SURF feature-based object 

identification and combine it with high reliability and 

effectiveness of the Golay error correction code detection, 

hence the name S-G hybrid detection method.  

SURF algorithm is suitable especially for natural 

objects identification. However, many applications use this 

method to identify only a single object in an image. This is 

marker may appear in a scene. The most problematic part of 

the SURF marker identification is the matching of 

corresponding marker key points in both images. The key 

points similarity is determined by gradient changes in the 

key points neighborhoods (these are represented by feature 

descriptors). If the image contains areas with similar 

gradient changes, then such areas will be identified as the 

same or similar key points. 

Therefore, it is important to design markers so that 

the key points identified in them have distinctive gradient 

changes. Furthermore, these key points must be 

distinguishable both from the scene image and from other 

markers. 

VIII. MARKER DESIGN 

Therefore, to ensure the correct marker identification we 

propose a hybrid detection method – S-G Detection – in 

which we combine the SURF algorithm with the Golay error 

correction code. In this case, the marker template is divided 

into two parts: the marker border and marker content. These 

two parts of a template may be combined independently. 

 

 

Fig. 1: Marker design 

S-G hybrid method. From left: a) key points are 

detected and filtered b) angle filter is applied so that the key 

points on both markers are distinguished c) marker specified 

in application configuration is detected 

For many applications, it is enough to identify if 

the template is present in the image, other applications 

require approximate template positions. Our application 

requires the exact position (translation and rotation) of the 

marker so that the virtual object may be inserted to the real 

scene. 

The first step of marker matching feature extractor 

is to discover key points in the processed image. Then a 

descriptor vector for each key point is found using a feature 
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extractor. These vectors are matched by computation of 

Euclidean distance between each pair of points. Moreover, 

we use symmetric matching filter for the key points. 

First, template key points are matched against 

video frame image and the best matches are selected. Then 

the frame key points are matched against template key 

points, and best matches are selected. The intersection of 

these two sets is a set of matched points. Further, we filter 

the set of key points by application of an angle filter. The 

idea behind the angle filter is to take advantage of the 

information stored in a SURF key point itself. Each SURF 

key point contains an angle value, which defines the 

direction of the most significant gradient descent in the 

neighborhood of the key point. In our application, we use 

artificial markers; therefore we search for a set of predefined 

objects. This means that relative differences in rotation of 

the matched key point must be similar for all matched key 

points. That is – if the template has two key points and their 

rotation is 45° and 70°, then the two key points matched in 

the frame must have the rotation difference approximately 

25°. Due to perspective deformations, the differences can be 

computed only approximately 

A difficult part of the angle filtering algorithm is 

defining initial conditions. This is caused by the fact that 

until the marker is identified, its key points, their rotations 

and order are all unknown. To overcome this problem, the 

angle filter algorithm is implemented by marshaling all 

possible rotations into overlapping intervals of a defined 

width (rotation difference tolerance – RT). Each interval 

overlaps half of neighboring intervals so that there are no 

artificial boundaries. Key points in each interval are then 

processed individually as if it was a standalone key point 

set. This introduces a performance hit as another loop 

iterating over sets of key point has to be processed. 

Fortunately this is upper bounded – maximum number of 

iterations is 360 / (RT · 2). This upper bound is hardly 

reached because only sets containing at least four points 

need to be processed. A minimum of four points is required 

for a correct positioning of a 3D model which will be added 

to the image later in the process. The angle filter algorithm 

may be described by the following pseudo-code:  

FOR each matched_point difference = 

matched_point_template->angle - 

matched_point_frame->angle; div = difference / RT 

angles[div * RT]->add(matched_point) angles[(div + 1) * 

RT] ->add(matched_point) 

END FOR 

FOR each angle find holography identify Golay marker 

IF marker identified THEN display 3D object END  

FOR 

IX. MARKER IDENTIFICATION 

For each set of points detected by the angle filter, we 

compute tomography matrix so that the Golay code can be 

identified. By applying the holography transformation to the 

camera image we compensate the perspective deformation. 

This image transformed to the camera plane is cropped and 

processed by the Golay code detector. If a Golay code is 

found, it means that the marker is identified. This 

identification introduces important feedback for the SURF 

marker detection. Given the reliability of the Golay detector, 

false positives are almost impossible. In other words, if the 

code is identified, we can be sure it is one of searched 

markers. It also means that the holography was computed 

correctly. This is also important because we can use the 

points to compute projection matrix. 

Reliable projection matrix is important for correct 

3D models positioning. Describes the Golay codes are stated 

that the Golay code rotation is determined by the position of 

the large white square in the top left corner. Since the S-G 

detection method is focused on robustness against marker 

occlusions, it is undesirable to have parts of the marker with 

greater importance. In the S-G method, the rotation of the 

marker is determined solely by the position of key points. 

This part of the Golay code is therefore unused. 

 

 

Fig. 2: Examples of S-G method capability of occluded 

marker identification from a closes distance. 

X. SIFT ALGORITHM 

Scale-Invariant Feature Transform, SIFT is a successful 

approach to feature detection discovered by Lowe. SIFT 

algorithm to detect the image feature points first, and then 

used transient chaotic neural network method to match 

feature points and achieve the registration initialization. 

The SIFT algorithm has four main steps: 

(1) Scale Space Extrema Detection,  

(2) Key point Localization, 

(3) Orientation Assignment 

(4) Description Generation.  

The first stage is to identify location and scales of key 

points using scale space extrema in the DoG (Difference-of-

Gaussian) functions with different values of σ, the DoG 

function is convolved of image in scale space separated by a 

constant factor k as in the following equation 

 D(x, y, ) = (G(x, y, k ) – G(x, y, ) × I(x, y)  )                                                                                                  

……(1) 

Where, G is the Gaussian function and I is the image. 

SIFT Library it comprises four main components: 

(1) SIFT feature detector 

(2) RANSAC transform computation 

(3) Invariant image feature handling 

(4) Kd-tree feature database information 
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Detect feature points in a scale invariant manner SIFT 

uses a cascading filtering approach. Where the Difference of 

Gaussians, DoG, is calculated on progressively downscaled 

images. Basically in this technique to achieve scale 

invariance is to examine the image at different scales, scale 

space, using Gaussian kernels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SIFT Feature Detection Algorithm 

XI. SURF ALGORITHM 

SURF (Speed Up Robust Features) algorithm, is base on 

multi-scale space theory and the feature detector is base on 

Hessian matrix. Since Hessian matrix has good performance 

and accuracy. In image I, x = (x, y) is the given point, the 

Hessian matrix H(x, σ) in x at scale σ, it can be define as 

H(x, σ) = 

                             𝑳𝒙𝒙(𝒙, 𝝈) 𝑳𝒙𝒚(𝒙, 𝝈) 

                             𝑳𝒚𝒙(𝒙, 𝝈) 𝑳𝒚𝒚(𝒙, 𝝈) 

Where Lxx (x, σ) is the convolution result of the 

second order derivative of Gaussian filter 𝜕^2/𝜕𝑥 2  (𝜎) with 

the image I in point x, and similarly for Lxy (x, σ) and Lyy 

(x, σ). 

The Open SURF Library is very similar to the SIFT 

Library when it comes to feature detection. The main 

difference relies on the use of an integral image from the 

first as the basis for this detection. The use of a very basic 

Hessian-matrix approximation facilitates the implementation 

of the integral image concept which in turn speeds up the 

detection. The detector is based on the Hessian matrix 

because of its good performance in accuracy. 

SURF is better than SIFT algorithm, SURF is 

extension version of SIFT algorithm. One important reason 

to implement this feature extraction method is because it 

provides complementary information about the region of 

interest that cannot be obtained from edge or corner 

detectors. Also, the improvement on speed achieved with 

this implementation is a very desirable factor for many 

processes. 
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