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Abstract 

The purpose of this paper is to evaluate the precision and activity of the object 
tracking algorithms (“trackers”) as a relation function of camera resolution. To do 
this, five sensors (webcams) that have different resolutions are used to acquire the 
video sequences that cover most challenging states in object tracking. Five open-
source visual trackers that are got as the assistances branch of the "Open Computer 

Vision (OpenCV)" collection, with the same initial state of the target, are run at 
those videos from which the trackers have to follow the moving target in the 
subsequence frames. The experiments were carried out using numerous estimation 
conditions to identify in what way that trackers execute. The quantitative and 
qualitative results were then analysed to recognize effective methods for robust 
tracking. The results confirmed that the tracker's speed performance was changed 
based on the visual sensor resolution. They also showed that the trackers' accuracy 
increased as the visual sensor resolution increased. 

Keywords: OpenCV trackers, Performance evaluation, Visual tracking, Webcam 
resolution. 
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1.  Introduction 

Vision-based object tracking is an active research field for autonomous mobile robot 

navigation, and it is one of the most discussed issues in computer vision. It involves 
taking an image by a visual sensor, recognizing a target within photo by image 

dealing techniques with controlling the machine to follow the target [1-3]. As such, 

the initial state of the target object (such as position, shape and size) in the first frame 

of the image sequence is given; the objective of monitoring process is to evaluate a 

situation for target object within succeeding frames. In such a case, there is a need for 

the visual tracking algorithms that can precisely expect the target body situations 

within subsequent sequence frames. several photographic monitoring methods that 

have been proposed for the target object tracking through numerous situations for 

instance "heavy obstruction, rapid movement with rotation" [4, 5].  

The performance of any tracking algorithm is influenced by the environmental 

situations, such as light disparity, obstruction and background disorders, and there 
is never a solitary tracking algorithm that can be effectively handling entirely 

situations. Therefore, many studies have been performed to overcome these 

challenges and to identify appropriate software and algorithm to reach a precise and 

complete model [6]. In addition to the environment properties, the resolution of 

visual sensors could affect the accuracy of the object tracking process. However, a 

little research was executed to study the effects of visual-sensor resolution on the 

tracker's performance.  

Therefore, the main objectives of this paper are to find whether the visual sensor 

resolution can affect the accuracy of the object tracking process.  It also identifies 

the best tracker and suitable sensor for generating a complete and accurate tracking 

process. It also offers an evaluation for tracker accuracy as a meaning of image 

determination. The paper firstly starts with literature review and then gives the 
fundamental information of the materials and methods used in this study. This is 

followed by analyses and discussions of the experimental results; and finally, the 

conclusion of the work is presented. 

2.  Literature Review 

In previous studies, visual tracking algorithms that have been implemented in 

openCV library were evaluated for embedded devices [7]. The algorithms' accuracies 

were evaluated by using averaged Jaccard indices while their performances were 

estimated by measuring their frame rate. The objective of that research was in the 

direction of discover an “opensource” tracking algorithm which achieves fine on 

those dual principles after examined over an “embedded platform”.  

The output showed that the "Median Flow" tracker was the rapid nevertheless 

the thing exactness was bottommost while the “KCF” was the subsequent rapid and 

the maximum precise. Another study was performed by Yuming et.al. [8] who 

examined the performances of the visual tracking techniques in "movie orders with 

clearance deprivation". within this manuscript, the video sequences were distorted 

by five common distortion types that were frame rate change, resolution change, 

contrast change, compression distortion, and white noise.  The experiments were 

done to estimate the strength of present graphic monitoring processes in the 

distorted movie arrangements. The authors confirmed that there is still challenging 

for existing visual trackers to be effective in movie arrangements and superiority 
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deprivation and therefore, need to improve their performance on movie 

arrangements with superiority deprivation within actual works.  

The graphic body monitoring technique depend adaptive Mixture Core was 

developed by Chen et al. [9] to improve the performance of intricate changes of 

multiple objects and complex backdrop scenes. To estimate the object's details, body 
monitoring technique is divided to dual minor tasks: Transformation Filtering with 

Ruler Filtering. The Transformation Core monitoring, for starters, using a mixture of 

Direct Core Filtering and “Gausian Core Filtering. a weight coefficient for both filters 

have been designed using an objective function that combines never just practical 

hazard nonetheless likewise the extreme rate of reply to production to every core.  

Chen and Sheng [10] proposed a single-object tracking system that combines deep 

learning detection (to acquire more accurate spatial location and scale information and 

to reduce the cumulative error) with the kernelized correlation filtering (KCF) tracking 

method. The modernized KCF technique was for monitor and compute the sequential 

data association of incline structures among movie parts, tumbling the probability of 

absent finding whereas preserving consecutively speediness. The spatiotemporal 

information was combined during the tracking process via feature analysis. The 
correlation filter-based tracking was the topic of [11]. The discriminative scale-space 

tracker (DSST) was a popular and common correlation filter-based tracker that has been 

successfully used in a variety of application domains. However, with DSST, there are 

still certain enhancements that need to be researched further. One is that the algorithms 

are designed to ignore target rotation.  

The issue is that extracting the histogram of oriented gradient (HOG) 

characteristics from too many patches cantered at the target point to ensure scale 

estimate accuracy is a computationally intensive task. the authors propose an 

alternative to address these two issues. When the tracking result of kernelized 

correlation filters becomes inaccurate. Di et al. [12] suggested a unique subdivision 

riddle repeating recognition monitoring strategy to aim return position. We also 
provide an extra aim measure estimation. Unlike further projected measure 

exploration algorithms, the way only takes into account the variance amongst 

highest rate with consecutive frames' answer maps. The OTB2013 dataset has been 

subjected to extensive testing. Based on the results of this benchmark, the proposed 

technique performs admirably. 

3.  Materials and Methods of the Study  

This section provides a brief explanation of the material and methods used              

in this study. 

The material used: A PC, which has Intel i3-5005U CPU (2.00GHz) and 4.00GB 
of RAM, was used. A Linux operating system (Ubuntu 16.04 LTS [13]) and 

OpenCV 3.2 [14] were installed in the computer. Five webcams that have different 

resolution (1Miga, 2Miga, 3Miga, 5Miga and 13Miga Byte) were used as the vision 

sensors. The cameras were linked with computer through USB connection, and they 

take images within photo capture speed which thirty each second. 

Data collection for evaluation: This step is starting by video acquisition by five 

visual sensors whose different resolution. In this stage, 3 video sequences that 

concealment greatest contest states within body monitoring (e.g., hefty obstruction, 
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moving distortion) are taken by each sensor. Therefore, fifteen (15) video 

sequences are collected for next stage that evaluates the precision and the 

robustness for trackers.   

Tracking algorithms: Five tracking techniques that are available in Open 

Computer Vision (OpenCV) library are considered. Those trackers are with-line 
Enhancing" [15, 16]. “Multiple Instance Learning” (MIL) [17]. “Tracking-

Learning-Detection” (TLD) [18] "Median Flow" [19]. "Kernelized Correlation 

Filter" (KCF) [20].  

Evaluation Methodology: In this paper, the quantitative and qualitative analyses 

[4, 21] are used to evaluate the precision and the robustness of tracking algorithms. 

The error of the centre location that is "the average Euclidean distance between the 

centre locations of the tracked targets and the manually labelled ground truths" is 

commonly used to determine the tracking precision. In such a case, the average 

error over all the one sequence's frames is utilized to calculate the performance for 

that sequence. The speed performance of the tracking algorithms is also evaluated 

by computing the processing time that was consumed with procedures to apprise 

the bouncing packet for monitor [7]. frames number within video order is separated 
for entire period that was expended for entirely parts, forming quantity to FPS [7]. 

Figure 1 shows the main steps used in this study.  

 

Fig. 1. The main steps used in the methodology.  

4.  Results and Discussion 

The experiments on the captured video sequences were executed to estimate the 

performance of trackers. 

4.1. Quantifiable evaluation 

in aforementioned monitors were examined by centre position errors of the target 

and the results are presented in Table 1, in which the blue and red fonts 

demonstration a top with finest outputs in every case. Overall, boosting tracker 

performed well against the other tracking algorithms when the 13Miga-Pixel 
webcam was used. Figure 2 demonstrations mistakes for centre location for 

estimated tracking procedures in the rotation orders.  
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Table 1. The average error of the centre location (in pixel). 

Median Flow KCF TLD MIL BOOSTING   

20 22 32 30 16 Occlusion 
13Miga 

pixel 
8 12 18 17 5 Motion 

10 9 44 12 8 Rotation 

21 36 32 34 37 Occlusion 
5Miga 

pixel 
10 14 14 18 41 Motion 

21 13 38 14 10 Rotation 

43 48 49 44 45 Occlusion 
3Miga 

pixel 
19 13 23 16 18 Motion 

18 14 31 18 17 Rotation 

44 54 75 93 45 Occlusion 
2Miga 

pixel 
49 22 19 28 24 Motion 

39 20 38 30 26 Rotation 

45 83 95 91 61 Occlusion 
1Miga 

pixel 
22 31 22 155 163 Motion 

22 25 41 28 19 Rotation 

  

(a) 1megapixel resolution (b) 2megapixel resolution 

  

(c) 3megapixel resolution (d) 5megapixel resolution 

 

(e) 13megapixel resolution 

Fig. 2. Investigated shapes of projectiles  

(Geometry and dimensions) for different values of resolution. 
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4.2. Speed performance 

Table 2 demonstrates the typical speed performances of the tracking methods as 

handled FPS. The Average Stream tracker was rapidest with KCF tracker was next 
rapidest. The Boosting tracking algorithm was sitting among the rapidest with slow 

while the TLD tracking algorithms were the slowest. Table 2 also shows that the 

speed performance of the mentioned algorithms reduced by increasing the 

resolution of the video sequence and this makes agreement with [7]. In such a case, 

only the Median Flow and KCF trackers can be considered suitable for the real-

time applications that need high speed performances. Note that the visualized 

results show that only the TLD and Median Flow were capable to change of the 

detected bounding box's size and shape based on the tracked object's size in the 

image. It can be seen that the speed performance of the trackers changed based on 

the sensor resolution. For instance, the speed performance of Median Flow tracker 

increased from 90 to 122FPS by changing the camera resolution from 13 to 1Miga 

pixel, respectively. 

Table 2. The average of frame rates. 

Median 

Flow 
KCF TLD MIL BOOSTING 

 

90.1311 21.20474 2.411231 6.808424 10.34507 
13Miga 

pixel 

112.6985 25.84333 2.706368 6.924614 13.07508 
5Miga 

pixel 

113.5953 35.18145 3.154376 7.2846 13.89045 
3Miga 

pixel 

116.8037 38.57592 3.17998 7.524985 14.076388 
2Miga 

pixel 

121.7519 54.45044 3.322529 7.534763 14.38512 
1Miga 

pixel 

4.3. Qualitative comparison 

Hefty obstruction: Obstruction was greatest overall hitherto vital difficulties for 
body monitoring [21]. Table 3 shows the summarized results of the evaluated 

tracking algorithms. Figure 3(a) is offering the tracking marks with video 

arrangement that was taken by the 13Miga-pixel webcam. Most trackers were 

effective of handling occlusions as seen from frames 64. However, the TLD 

method was capable to follow the aim body with approximately parts (like frames 

64 or 320) nevertheless it failed due to heavy occlusion in others (e.g., frames 

100 and 304). The Boosting tracking method achieved the best results in this 

sequence while the Median Flow and KCF were the second best trackers. The 

MIL tracking algorithm presented poor performance compared to other trackers 

as seen at frames 304 to 320.  

Figure 3(b) is offering tracking grades with order that was taken by the 5Miga-

pexil webcam. All trackers were effective in handling occlusions before frame 213 

of the sequence by way of realised since parts 180 with parts 200. The TLD was 
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unable toward monitor aim within approximately parts that shown in parts 213 

while the MIL and Boosting tracking methods drifted afterward aim undertakes 

under heavy occlusion (like parts 274).  

In contrast, the Media Flow and KCF achieved constant presentation within 

complete video arrangement once that was heavy occlusion as shown in the 
frames of the sequence. Figure 3(c) is offering tracking grades with arrangement 

that was taken by the 3Miga-pixel webcam. The Boosting and KCF were more 

effective while the MIL tracker failed to handle occlusion (see frames 70, 108 

and 109). Median Flow was lost after frame 67 in sequence while the TLD tracker 

fails in some frames to handle occlusion (at frames 22 and 109) due to occlusion 

and fast movement.  

The 2Miga webcam sequence in Figure 3(d) shows that all trackers were able 

to track the target before frame 124. Then, the TLD method started to fail in some 

frames (e.g., frames 124 and 465). The Median Flow was lost before the frame 237 

in the sequence. The Boosting tracker achieved the best performance compared to 

KCF and MIL methods. The Median Flow was also lost after frame 79 in the 

1Miga-pixel webcam sequence while the Boosting monitors effectively kept 
monitor for aim body through minor mistakes. The MIL and KCF monitors 

methods showed poor performance (see Figure 3(e)).  

Overall, it can be said that the Boosting tracker was performing well with all 

webcams; however, it was not reported reliably the tracking failure. The KCF 

tracker was the second best, and it was better than the Boosting and MIL trackers 

in case of reporting the tracking failure. The MIL tracker was less effective with all 

webcam types as it did not recuperate from full occlusion. The TLD tracker had a 

lot of false positives that make it nearly unstable. The Median Flow tracker was not 

working well when there was heavy occlusion. However, it was the best in case of 

reporting of the tracking failure. 

Table 3. The summarized tracking results of evaluated  

algorithms on heavy occlusion on the image sequences. 

Median 

Flow 
KCF TLD MIL BOOSTING  

Effective Effective 

Fails in 

some 

frames 

Less 

effective 

More 

effective 

13Miga 

pixel 

More 

effective 
More 

effective 

Fails in 

some 
frames 

Less 
effective 

Less 
effective 

5Miga 

pixel 

Lost in 

some 

frames 

More 

effective 

Fails in 

some 

frames 

Less 

effective 

More 

effective 

3Miga 

pixel 

Lost in 

some 

frames 

Effective 

Fails in 

some 

frames 

Less 

effective 

More 

effective 

2Miga 

pixel 

Lost in 

some 

frames 

Less 

effective 

Fails in 

some 

frames 

Less 

effective 

More 

effective 

1Miga 

pixel 
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a. Tracker output on 13Miga-pexil sequence with severe occlusions 

 
b. Tracker output on 5Miga-pexil sequence with severe occlusions 

 
c. Tracker output on 3Miga-pexil sequence with heavy occlusions 

 
d. Tracker results on 2Miga-pexil sequence with heavy occlusions, 

 
e. Tracker results on 1Miga-pexil sequence with heavy occlusions 

Fig. 3. Example tracker output for estimated 

 procedures in heavy occlusion photo arrangements. 

Rotation: Table 4 shows the summarized output for evaluated monitors procedures 

performances within rotation arrangements, and Fig. 4 contains together within plane 

and output plane variations. Figure 4(a) demonstrates the tracking results on the video 

sequence that was taken by the 13Miga-pixel webcam. All five trackers succeed when 

the man rotated his head in-plane. The Median Flow, KCF and MIL tracking methods 

were more robust and accurate compared with other algorithms as seen from frames 

131, 237 and 419. The TLD tracker was unable to track the target after the target 
object faced large rotations as shown in frame 476.  The 5Miga-pixel webcam 

sequence in Figure 4(b) shows that all trackers were also able to track the target when 

the rotation was in-plane (see frames 107 and 213). However, the Boosting and the 

TLD trackers drifted when the target faced large rotations (see frame 288 and frame 

316) whereas KCF and MIL performed well throughout this sequence. Figure 4(c) 

presents tracking results on video sequence that was taken by the 3Miga-pixel 

webcam. The Boosting, KCF, MIL and Median Flow were more effective (see frames 

78, 193, 277 and 305 of the sequence) while the TLD tracker failed in some frames 

to handle large rotation (at frames 277 and 305) due to occlusion and fast movement. 

The 2Miga-pixel webcam video in Fig. 4(d) displays that the Boosting tracker 

achieved stable performance in the entire sequence while the KCF and MIL trackers 
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were the second-best trackers. The Median Flow tracker was lost after frame 119 in 

the 1Miga-pixel webcam sequence while the Boosting tracker showed effectiveness 

as shown in Frames 29, 105 and 160 of the sequence (see Fig. 4(e)). The KCF and 

MIL tracker successfully kept tracking of the target object with small errors.  

It can be confirmed that the KCF and MIL were more effectiveness with all 

webcams as they can recover from full out-of-plane rotation while the Boosting 

tracker was the second best. The Median Flow tracker was performing well with the 

high-resolution cameras while the TLD tracker was unstable with all visual sensors. 

Table 4. The summarized tracking results of  

evaluated algorithms on the rotation on the image sequences. 

Median 

Flow 
KCF TLD MIL BOOSTING  

More 

effective 

More 

effective 

Fails in 
some 

frames 

More 

effective 
Effective 

13Miga 

pixel 

Effective 
More 

effective 

Less 

effective 

More 

effective 

Less 

effective 

5Miga 

pixel 

Effective Effective 

Fails in 

some 

frames 

Effective Effective 
3Miga 

pixel 

Less 

effective 
Effective 

Fails in 

some 

frames 

Effective 
More 

effective 

2Miga 

pixel 

Lost in 
some 

frames 

Effective 
Fails in 
some 

frames 

Effective 
More 

effective 
1Miga 

pixel 

 
a. Tracker output on 13Miga-pexil order 

 
b. Tracker output on 5Miga-pexil order 

 
c. Tracker output on 3Miga-pexil order 
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d. Tracker output on 2Miga-pexil order 

 
e. Tracker output on 1Miga-pexil order 

Fig. 4. Tracker output of evaluated algorithms within  

inside-plane and outside-plane variation image sequences. 

movement distortion: high speed movement of selected body or else the camera 

cause blurry photo show that hard for calculate the body monitoring [21]. Table 5 

demonstrates the summarized consequences for evaluated monitor processes 

performance for motion blur arrangements. Figure 5(a) presents a monitoring give 

jumping arrangement which was taken by the 13Miga-pixel webcam. The results 

were drastic that the Boosting and Median Flow methods succeed in most sequence. 

Other trackers drifted to follow the target because that a real aim was blurry with 
hard to indicator for these trackers for separate to background. Figure 5(b) 

demonstrates the tracking results on the video sequence that was taken by the 

5Miga-pixel webcam. All trackers successfully kept track of the target object 

without errors. Figure 5(c) presents a monitoring output with arrangement which 

was taken by the 3Miga-pixel webcam.  The MIL tracker failed to track the target 

while other trackers were able to track the target in the whole sequence. The 2Miga 

webcam sequence in Fig. 5(d) shows that all trackers achieved the best performance 

in entire sequence. Figure 5(e) presents the tracking results on sequence that was 

taken by the 1Miga webcam. The KCF were more effective while other trackers 

failed to track the target due to the fast movement and low resolution of the camera. 

Overall, it can be seen that all trackers performed well with the motion sequences 
that were taken by 13Miga and 5Miga webcams. Only KCF tracker showed 

effectiveness with all webcams. Median Flow tracker worked very well when the 

high-resolution webcams were used 

Table 5. The summarized tracking results of  

evaluated algorithms on motion blur on the image sequences. 

Median Flow KCF TLD MIL BOOSTING  

More effective Effective Effective Effective 
More 

effective 
13Miga 

pixel 

Effective Effective Effective Effective Effective 
5Miga 

pixel 

Effective Effective Effective 
Less 

effective 
Effective 

3Miga 

pixel 

lost in some 
frames 

Effective Effective Effective Effective 
2Miga 

pixel 

lost in some 
frames 

More 
effective 

Fails in 
some frames 

Fails Fails 
1Miga 

pixel 
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a. Tracker outputs with 13Miga-pexil order 

 
b. Tracker outputs with 5Miga-pexil order 

 
c. Tracker outputs with 3Miga-pexil order 

 
d. Tracker outputs with 2Miga-pexil order 

 
e. Tracker outputs with 1Miga-pexil order 

Fig. 5. Sample tracking results of evaluated  

algorithms on motion blur image sequences. 

5.  Conclusion 

In this paper, the effects of the sensor resolution on the object tracking process were 

studied for calculate the accurateness and act for monitors with a meaning of movie 

accurate. Five visual tracking implementations were evaluated using five sensors 
(webcams) that had different resolutions. The sensors were used to acquire video 

sequences that takes greatest complex conditions for body monitoring such as hefty 

obstruction, movement distortion and both inside-plane and outside-of-plane 

variations. The quantitative and qualitative analyses were used to evaluate the 

precision and the robustness of tracking algorithms. The speed performance of the 

tracking algorithms is also computed by calculating the processing time that was 

consumed in the procedure to update the "bounding box" of the tracker. It can be 

concluded from the results that: 
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• From the quantitative analysis, the Boosting tracker performed well against 

other tracking algorithms when the 13Miga-Pixel webcam was used.  

• The speed performance results confirmed that The Median Flow tracker was 

the fastest and the KCF tracker was the second fastest. The Boosting tracking 

algorithm was sitting among the rapidness and delay one while the TLD and 

MIL tracking algorithms were the slowest.  

• The speed performance of the trackers was changed based on the sensor 

resolution. For instance, the speed performance of Median Flow tracker 

increased from 90 to 122FPS by changing the camera resolution from 13 to 

1Miga pixel, respectively. 

• In heavy occlusion sequences, the Boosting tracker performed well with all 
webcams while the KCF tracker was the second best, and it was better than the 

Boosting and MIL trackers in case of reporting the tracking failure. The 

Median Flow tracker was not working well when there was heavy occlusion. 

However, it was the best in case of reporting of the tracking failure. 

• In rotation sequences, the KCF and MIL were more effectiveness with all 
webcams as they can recover from full out-of-plane rotation while the 

Boosting tracker was the second best. The Median Flow tracker was 

performing well with the high-resolution cameras while the TLD tracker was 

unstable with all visual sensors.  

• In motion blur, all trackers performed well with videos that were taken by 

13Miga and 5Miga webcams. Only KCF tracker showed effectiveness with all 
webcams. Median Flow tracker worked very well when the high-resolution 

webcams were used. 
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