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Abstract - In this paper, we propose a moving object detection and tracking algorithm based on multi-frame feature point 
tracking information for automatic audio mixing. First, corner feature points and optical flows of multiple frames are 
calculated to compensate camera movement and track objects. To compensate camera movement, we convert the traced 
corner feature points byhomography and RANSAC algorithm. Among the transformed corner feature points, the outlier 
points removed by the RANSAC are clustered and the outlier cluster region of a certain size is classified as the moving 
object candidate group. Objects classified as moving object candidates are assigned and tracked according to data correlation 
analysis based on label tracking. In this paper, we have experimentally confirmed that the proposed algorithm can detect and 
track moving objects such as moving human invideo sequence and that automatic audio mixing or mapping is possible by 
using the tracking result. 
 
Keywords - Object Detection, Object Tracking, Data Association, Multi-Channel, Automatic Audio Mixing 
 
I. INTRODUCTION 
 
Recently, various researches such as video codec and 
video streaming in the media industry have been 
actively conducted. As the research progresses 
actively on the video side, research on the audio side 
is also necessary. The audio system for watching 
streaming video such as VR, game, and movie uses 
multi-channel audio system such as stereo, 5.1 
channel, and 7.1 channel for realistic sound. 
 
Conventional multi-channel audio mixing systems 
use sound libraries such as Head Related Transfer 
Function (HRTF) or AMBISONIC. The sound library 
provides realistic sound by assigning sound to each 
channel according to the position value of the audio 
object in space. Fig.1 shows a 360-reverb which is 
sound editing program by Audio Ease. 360-reverb 
assigns a position value to a moving line according to 
each object in advance and manually assigns sound to 
each audio channel according to the position value. In 
this paper, we propose a method to continuous detect 
and track moving objects in video for more efficient 
multi-channel automatic audio mixing. 
 

 
Fig.1. Audio Ease’s 360-reverb 

 

II. PROPOSED ALGORITHM 
 

 
Fig.2. Flowchartof Moving Object Detection and Tracking 

 
Fig. 2 is an overall flowchart of the moving object 
detection and tracking algorithm. We use FAST 
(Features from Accelerated Segment Test) corner 
detection algorithm to detect feature points in the 
continuously input frame. Then, the motion of the 
object is detected by comparing the current frame 
with the previous frame using the optical flow. At this 
time, Forward-Backward tracking is performed to 
reduce errors in tracking. Then, homography is used 
to correspond the feature points of the two other 
images at different viewpoints. The feature point 
correspondence is classified into an ideal point based 
on RANSAC. In the feature point correspondence, 
the uniform data distribution is defined as the 
background and the other is defined as the ideal point. 
The ideal point is determined as the moving object 
candidate path. The path that has been frequently 
determined as the moving object candidate is judged 
as the moving object candidate path even if there is 
no movement according to the threshold of the Track 
Cost value. This is for tracking even if the object is 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-5, May-2018, http://iraj.in 

Moving Object Detection and Tracking Techniques for Automatic Audio Mixing 
 

24 

temporarily stopped. Next, the moving object 
candidates are clustered using DBSCAN (Density-
Based Spatial Clustering of Applications with Noise) 
clustering algorithm for points belonging to a 
specified range based on a point in the moving object 
candidate path. The clustered moving object 
candidate path allocates and tracks label numbers 
according to data correlation analysis based on label 
tracking. 
 
2.1. Multi-frame based corner feature points and 
motion detection 
To track an object, we need to determine which 
unique feature points to extract. The feature points 
that can be tracked effectively are corner points. 
Corner point is the point where the differential value 
is large due to the change of brightness value. In this 
study, corner point is extracted by using FAST 
algorithm. In the FAST algorithm, it is judged 
whether or not any arbitrary point is a corner by 
looking at 16 pixels values on a circle centered at an 
arbitrary point. If some pixels greater than a 
predetermined value are consecutively more than a 
certain constant value, the arbitrary point is 
determined as a cornerpoint. 
Motion between frames is detected using the result of 
extracting the corner point of the object. The optical 
flow algorithm tracks the corner points frame by 
frame and represents the motion between the previous 
frame and the current frame. Since the optical flow 
based on a single frame interval extracts a corner 
point every frame, the starting point of the movement 
path is continuously changed.However, in this study, 
the movement path of corners is extracted by tracking 
feature points of multi-frame. 
In Fig.3, I shows the input image in time t andX  
shows the location of the extracted feature points. n  
is the index value of the extracted feature point in 
time t. T is a track traversed in time t. In this study, 
we extract the moving object candidates by 
performing homography operation based on optical 
flow value and extracting ideal points. However, the 
conventional optical flow based on the single-frame 
interval as shown in Fig.3 has a problem in 
application of the ideal points extraction. if motion 
between the frames is small, it is difficult to extract 
the ideal points because the change in the size of the 
motion vector is small. 

 

 
Fig.3. Single Frame based Optical Flow 

 
Fig.4. Multi-Frame based Optical Flow 

 

 
Fig.5. Forward-Backward Tracking 

 
To solve the motion vector size problem, we use 
optical flow based multi-frame as shown in Fig.4.  
In Fig.4, T  is a matrix that stores the optical flow 
path from time t to t− k .k  is an arbitrary constant 
value that determines the number of recent image 
frames to use and is set to 15 in this study. 
 
2.2. Multi-frame forward-backward tracking 
The optical flow cause tracking errors due to 
similarity of shape near the border. These errors can 
be reduced by using forward-backward tracking 
algorithm that traces back to the previous frame from 
the tracking result path. Fig.5 shows the process of 
tracking back after the tracking target X of input 
image I  at time t successively track the next frame 
while tracking the movement of input image I  at 
time t +  k to target X .Reverse tracking difference 
is defined as a forward-backward error. If there is a 
forward-backward error, it is defined as tracking at 
the border or error and excluded from the tracking 
target. 

 
2.3. Clustering based on ideal point extraction 
To find a moving object in a viewpoint-changing 
image, it must match the scene based on the 
background. It is possible to match the background 
with the projection transformation based on optical 
flow information of two frames. The relationship that 
a plane existing in one frame is projected and 
transformed into another frame is called homography. 
Homography represents a matching relationship 
between frames and is represented by a matrix. The 
transformation by 3 by 3 matrix is shown in (1) 
below. 
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x′ =  H (1) 
H  is a homography transformation matrix, and a 
matrix H  satisfying Equation 1 is calculated. When 
the homography matrix is calculated, the feature 
points of two frames are detected and the detected 
feature points are matched. At this time, there exists 
data of an erroneous correspondence relationship, 
which can be assumed asnoise or moving object. To 
remove such noise and moving object information, 
we used the RANSAC algorithm in this study. The 
RANSAC algorithm randomly selects some data from 
given data to generate a suitable model and selects a 
uniform data model through iteration. 
In this study, we compare the norm values of the 
feature point x′ transformed by the homography and 
the feature point x before the transformation as shown 
in (2), anddistinguish the background region inlier 
and the ideal point outlier according to the ideal point 
threshold Th . In the single-frame-based motion 
detection algorithm, it is not easy to distinguish the 
background region from the ideal point because the 
value of norm(x − x′) is very small to calculate the 
homography between the feature point T [1]  of 
the current frame and the feature point T [2] of the 
previous frame.In this study, by applying multi-frame 
based motion detection, the value of norm(x− x′)is 
accumulated by calculating the homography 
between T [1] and T [k + 1] , and division is 
smooth byTh . 
 

outlier =  norm(x − x′) > Th  
     inlier =  norm(x − x′) <= Th (2) 

 
The extracted ideal points can be classified into 
noises or moving object candidates that are different 
from background. Moving object candidates 
frequently occur on a scale larger than a certain size, 
unlike noise that occurs intermittently.  
These spatial aggregates are classified into moving 
object candidates using a clustering algorithm. In this 
study, DBSCAN clustering algorithm based on 
density is used. DBSCAN determines the radius εof 
the given data and the minimum number of data to 
cluster. If there is data satisfying the minimum 
number of data in the specified radius, it is clustered 
as moving object candidates.Otherwise it is classified 
as noise. The clustered tracking path is input to the k-
th  cluster G of time t according to the result of 
DBSCAN. 

 
2.4. Data Correlation Analysis Based On Label 
Tracking 
The data association technique is used to track the 
detected moving objects. Data association is 
classified into classified into Object, Merge, Split, No 
Association according to the overlap ratio of the 

detecting and the tracking area. Data correlation 
analysis based on the overlap ratio of the detecting 
and the tracking area does not detect when the object 
is at stop.It only relies on tracking and causes 
tracking drift phenomenon. Although moving object 
candidates are tracked by P-N learning-based 
algorithms, P-N learning has a computational 
problem to track many objects. 
In this paper, to solve this problem, we propose a data 
correlation analysis based on label tracking that can 
be tracked even when it is temporarily stopped after 
movement and has few computational problems. 
First, we define the tracking cost TC to judge the 
tracking persistence of the i-th feature point T [1] of 
the current time of the movement path clustered at 
time tby DBSCAN. The tracking cost TC [1] of the i-
th feature point of the current time is reduced from 
the value of the tracking costTC [2] of the previous 
frame when the current feature point is an inlier, and 
is increased when it is outlier. α  is an 
increase/decrease tracking cost constant. 
 

TC [1] =  TC [2] − α (T [1] = inlier)
TC [2] + α (T [1] = outlier)

(3) 

If the average of the tracking costs inside the cluster 
G is greater than the tracking threshold Th , the 
labeling process is performed. Labeling is set 
differently according to the previous label of the 
cluster G internal tracking paths. If there is no 
previous label of the internal tracking paths, a new 
label is assigned, otherwise, it is assigned as the mode 
of the previous label. The clusters for which the label 
has been determined are finally displayed as moving 
targets and indicate the path as an average value of 
the internal tracking paths. 
Finally, we define the threshold value Th h for 
tracking the target in the temporarily stationary state 
after the movement. The target in the temporary 
stationary state is not classified as outlier in the ideal 
point extraction step. To solve this problem, the 
tracking cost TC of tracking path is used. If TC  
isgreater than Th and an existing label exists, it 
is used as input value of DBSCAN clustering 
algorithm even if it is not classified as an outlier. 
 
EXPERIMENT RESULT 
 
A video sequence for testing the proposed algorithm 
is shown in Fig. 6. Some tracking result imagesare 
shown in Fig. 7. 
 

 
Fig.6. Video Sequence 
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Fig.7.  Tracking Result Images 

 
Table1: Confusion Matrix Table 

 PredictedCondition 
Move Stop 

True 
Condition 

Move TP = 527 FN = 46 
Stop FP = 19 TN = 69 

 
Table2: Precision and Recall 

 Dataset Equation 
Precision 96.5% TP/(TP+FP) 
Recall 92.0% TP/(TP+FN) 
 
Toevaluate the performance of the algorithm, the rate 
of detection of the moving object in the whole image 
is defined as 'detection rate'. Of the total 661 frames, 
the number of TP (True Positive) judged to move the 
actual moving object is 527 frames, FN (False 
Negative) judged to be stationary but moving is 46 
frames, False Positive (FP) judged to move but actual 
stationary state is 19 frames, and TN (True Negative) 
judged to have stopped the actual stationary state is as 
69 frames. Table 1 shows the confusion matrix 
table.Precision andrecall of the movement and 
stationary state measurement are shown in Table 2. 
Finally, the detection rate of moving object in the 
moving object existing frame in the whole frame was 
measured as 92.0%, and the accuracy was 96.5%. 
 
CONCLUSION 
 
In this paper, we propose a moving object detection 
and tracking algorithm based on multi-frame feature 
point tracking information for automatic audio 
mixing. In order to compensate camera movement 
and track objects, we use corner feature points and 
optical flows of multi-frames. It is possible to track 
even if the movement between the frames is 

small.Precision and recall rates were achieved as 
96.5% and 92.0%, respectively, by the forward-
backwardtracking algorithm.To solve the speed 
problem of existing P-N learning-based tracking and 
data correlation analysis, we used data correlation 
analysis based on label tracking algorithm. As a 
result, it was confirmed that object tracking is 
performed in real time. In the future, it is necessary to 
mixing the audio channel using the coordinates of the 
moving object trackedby using the proposed 
algorithm in this paper. 
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