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Abstract 

Brief is a 2010 article titled "BRIEF: Binary Robust Independent Elementary Features", 
which is a description of the detected feature points. It is a binary-coded descriptor, 
which abandons the use of The traditional method of describing feature points by 
regional grayscale histogram and greatly speeds up the establishment of feature 
descriptors, and also greatly reduces the time for feature matching. It is a very fast and 
promising algorithm. 
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1. Introduction 

Since Brief is only a feature descriptor, to obtain the position of the feature point in advance, 
the FAST feature point detection algorithm, Harris corner detection algorithm, SIFT, SURF and 
other algorithms can be used to detect the position of the feature point. Next, feature 
descriptors are established in the neighborhood of feature points using the Brief algorithm. 

The algorithm steps are as follows: 

In order to reduce noise interference, first perform Gaussian filtering on the image (variance is 
2, Gaussian window is 9x9). 

Taking the feature point as the center, take the neighborhood window of SxS. Randomly select 
a pair (two) points in the window, compare the size of the pixels of the two, and perform the 
following binary assignment. 

 
Among them, p(x), p(y) are the pixel values of the random points x=(u1, v1), y=(u2, v2). 

Randomly select N pairs of random points in the window, and repeat the binary assignment in 
step 2 to form a binary code, which is the description of the feature points, that is, the feature 
descriptor. (generally N=256). 

The above are the steps of the Brief feature description algorithm. 

Regarding the selection method of a pair of random points, the original author tested the  

following 5 methods, among which method (2) is better. 

Both xi and yi are uniformly distributed[-S/2,S/2]. 

Both xi and yi have a Gaussian distribution[0,S2/25],Criterion sampling follows an isotropic 
and identical Gaussian distribution. 

xi follows a Gaussian distribution[0,S2/25],yi follows a Gaussia distribution [xi,S2/100], 
Sampling is done in 2 steps: first Gaussian sampling for xi at the origin, then Gaussian sampling 
for yi at the center of xi. 

xi, yi are randomly sampled at discrete locations in spatially quantized polar coordinates. 

Xi=(0,0)T, yi are randomly sampled at discrete locations in spatially quantized pola coordinates. 
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The 256 pairs of random points generated by these 5 methods are as follows (the two endpoints 
of a line segment are a pair): 

 
Figure 1: Results of five methods 

2. Registration with Brief features 

After the above feature extraction algorithm, for each feature point in a picture, a 256-bit binary 
code is obtained. Next, register two images with similar or overlapping parts. 

Feature pairing[1] is determined using the Hamming distance: 

If the number of the same elements in the corresponding bits of the two feature codes is less 
than 128, they must not be paired. 

The feature points on one image are paired with the feature points with the largest number of 
identical elements on the corresponding bits of the feature code on the other image. 

3. FLANN algorithm description 

FLANN is short for Fast_Library_for_Approximate_Nearest_Neighbors. It is a collection of 
algorithms[2] for nearest neighbor search on large datasets and high-dimensional features, and 
these algorithms have been optimized. In the face of large data sets, it is better than 
BFMatcher.With FLANN matching, we need to pass in two dictionaries as parameters. These 
two are used to determine the algorithm to use and other relevant parameters, etc. 

Step 1 Build a priority search k-means tree: 

(1) Establish a hierarchical k-means tree; 

(2) The cluster center of each level is used as the node of the tree; 

(3) When the number of points in a cluster is less than K, then these data nodes will be used as 
leaf nodes. 

Step 2 Search in the priority search k-means tree: 

(1) Search from the root node N; 
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(2) If it is an N leaf node, add the leaf nodes of the same level to the search results, count += |N|; 

(3) If N is not a leaf node, compare its child nodes with query Q, find the nearest node Cq, and 
add other nodes at the same level to the priority queue; 

(4) Recursively search the Cq node; 

(5) If the priority queue is not empty and count<L, then take the first element of the priority 
queue and assign it to N, and then repeat step (1). 

The number of clusters K, also known as branching factor, is a very important parameter. The 
time complexity of building a tree = O( ndKI ( log(n)/log(K) )) n is the total number of data 
points, and I is the number of iterations of K-means. Time complexity of search = O( L/K * Kd * 
( log(n)/(log(K) ) ) = O(Ld ( log(n)/(log(K) ) ). 

4. Experiment 

This part of the code is to read an original image. 

The screenshot of the experiment is as follows: 

 
Figure 2: Original image 

 

This part of the code is to extract feature points through the BRIEF algorithm. 

The screenshot of the experiment is as follows: 

 
Figure 3: Image which extracts feature points 

The last part of the code is the image matching. 

The screenshot of the experiment is as follows: 
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Figure 4: Result of image matching 

5. Advantages and disadvantages of the BRIEF algorithm 

The advantages and disadvantages of the BRIEF algorithm, first of all, it abandons the 
traditional method of describing the region with the gradient histogram, and uses the detection 
random response instead, which greatly speeds up the establishment of the descriptor; the 
generated binary descriptor is convenient for high-speed matching[3] (calculating the 
Hamming distance only needs to pass The XOR operation plus the operation of counting the 
number of "1" in the binary code can be realized by the underlying operation), and it is easy to 
implement in hardware. Secondly, the disadvantage of this descriptor is obviously that the 
rotation invariance is poor, and it needs to be improved by new methods. 

Comparison of results: First, in images with not very strong rotation, the matching quality of 
the descriptors generated by Brief is very high, and it surpasses SURF in most cases of the test. 
However, after the rotation is greater than 30°, the matching rate of Brief rapidly drops[4] to 
about 0. Second, the time-consuming of Brief is very short. When calculating the descriptors of 
512 feature points in the same situation, SURF takes 335ms, and Brief is only 8.18 ms; it takes 
28.3ms to match the SURF descriptor, and only 2.19ms for the BRIEF. In less demanding 
situations, the BRIEF descriptor is easier to achieve in real time. 

6. Conclusion 

In practical applications, although the point pairs are randomly selected according to certain 
rules, when the patch area size S is determined, once the coordinate positions of the point pairs 
are randomly selected, they will not be changed, and will be used from beginning to end. That 
is to say, the coordinate positions of these point pairs are actually known. When writing a 
program, these coordinates are stored in the system in advance. When creating a descriptor, 
just call these coordinates. In addition, not only the coordinate position of the point pair is 
determined, but also the order between the two pixels of the point pair and the order of the 
point pair must also be determined in advance, so as to ensure the consistency of the 
descriptors. The order between the two pixels of the point pair refers to which of the two pixels 
is pi and which is qi, because when the gray value of pi is less than the gray value of qi, bi is 
equal to 1. The order of point pairs refers to the ordering between nd point pairs, so that each 
bit in the binary bit string is arranged in this order. 

BRIEF is only a feature point descriptor method, it does not provide a feature point detection 
method. Calonder recommends using the CenSurE method for feature point detection. This 
method is used in conjunction with Brief, and the effect will be slightly better. The CenSurE 
method is also provided in Opencv2.4.9, but using the alias Star. 
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BRIEF is a faster method for creating and matching feature point descriptors, and also provides 
high recognition rates as long as there are no large rotations in the plane. 
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