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Abstract
Nowadays, tracking objects has become one of the basic needs of security systems. Deep learning
based methods has dramatically improved results in tracking objects. Meanwhile, the quality of the
videos captured by camera is effective on the accuracy of the trackers. All images captured by camera
inevitably contain noise. The noise is usually created due to various reasons such as the underlying
media, weather condition, and camera vibrations in the wind and so on. This paper deals with the
issue. In this paper, tracking objects is performed by Yolu 3 architecture in deep learning. Cycle
spinning method is also employed to eliminate noise.
Keywords: Noise, Object Tracking, Deep learning, Wavelet transform, Cycle spinning.
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1. Introduction

Increasing public and personal camera surveillance, controlling and tracking objects and people is a
challenging task. Therefore, tracking moving objects using effective methods has attracted lots of
attention. Different methods in tracking objects are introduced, from which the network of artificial
neurons is the most important. In this regard, a deep learning architecture is trained based on
training data and then objects are tracked in videos. The architecture used in this paper in order
to predict objects is Yolo3. The model is trained on Coco. The data are in 80 classes of different
objects including humans, animals such as cats, dogs, and so on.
Noise is actually often neglected in images and tracking. The noise in images can have different
causes, but have negative effect on performance in any condition. This issue is considerably obvious
in Fig. 1.
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 بررسی تاثیر نویز در ردگیری اشیاء به کمک یادگیری عمیق

 

 :چکیده

های مبتنی بر یادگیری ردیابی اشیاء امروزه به یکی از نیازهای اساسی سیستم های حفاظتی تبدیل شده است. استفاده از روش

ت ویدئوهای دریافتی از دوربین در عمیق برای ردگیری اشیاء باعث بهبود فراوانی در نتایج ردگیری شده است. در این میان کیفی

توانند به باشد. این نویزها میدقت ردگیرها بسیار موثر است. وجود نویز در تصاویر دریافتی از دوربین امری اجتناب ناپذیر می

همین جهت در دلایلی مختلفی مانند رسانه انتقال تصاویر، شرایط جوی، حرکت دوربین در اثر وزش باد و ... بوجود آمده باشند. به 

در یادگیری عمیق استفاده 3این مقاله به بررسی این موضوع پرداخته شده است. در این مقاله برای ردگیری اشیاء از معماری یولو

 شده است. برای رفع نویز نیز از روش سایکل اسپینینگ استفاده شده است.   

 :مقدمه

ولتی و شخصی، کنترل و ردگیری اشیاء توسط افراد کاری بسیار سخت و های دهای نظارتی در سازمانبا افزایش روزافزون دوربین

. های موثر در جهت ردگیری اشیاء متحرک بسیار مورد توجه واقع شده استبدین جهت استفاده از روش. طاقت فرسا شده است

بدین . ی عصبی مصنوعی استها با استفاده از یک شبکهاند که مهمترین آنهای متفاوتی برای ردیابی اشیا معرفی شدهروش

. کندها آموزش دیده سپس اشیا موجود در ویدیو را  پیش بینی میای از  دادهصورت که یک معماری یادگیری عمیق بر روی دسته

ها این داده. های کوکو آموزش دیده استاین مدل روی داده. نام دارد 3معماری مورد نظر در این مقاله جهت پیش بینی اشیا یولو

 . است... کلاس از اشیای متفاوت از جمله انسان حیواناتی چون گربه سگ و 80ارای د

این نویزها در . باشدوجود نویز در تصاویر و تاثیر آن در ردگیرها میبررسی اما در این میان آنچه کمتر مورد توجه قرار گرفته است، 

( 1)این موضوع در شکل . ودشان باعث افت کارایی ردگیرها استتوانند علل متفاوتی داشته باشند ولی در هر صورت وجتصاویر می

 د. باشقابل ملاحظه می

 

 : دقت ردگیر در تصاویر نویز دار و بدون نویز1 شکل

 

 

Figure 1: Tracking accuracy in noisy and noise-free images

As shown in Fig. 1, the accuracy of tracking has fallen dramatically. Given this, one could conclude
that a preprocessing step in tracking objects can greatly increase the accuracy of the tracking by
eliminating the potential noise. In this paper, two main issues are addressed: object tracking and
noise elimination.
Rest of the paper is organized as follows: In this section, the related literature is reviewed. In Section
2, added noise is discussed. In section 3, the proposed approach is presented, and finally in section
4, the results of the experiments are presented.

2. Literature review

In this section, a set of noise removal methods along with a number of recent researches in the field
of object tracking are introduced.
Lots of noise removal methods as well as image quality enhancement methods are presented. Most
techniques are performed using the values of the neighbors; such as average value filter in which
neighboring pixels are selected, and the center element of the neighborhood takes the average value.
The median value filter is performed the same, but the difference is that the median value of a
window is placed in the center element. The main issue in such techniques is the storage of original
frame or photo information. There are other techniques in which a deep learning architecture takes
the pixels of a noisy photo and outputs a photo with the same size as the input from which the noise
is removed. An example of this is given in [1]. This technique predicts the degraded values of the
image using artificial neural networks and affects the output. The method used in this paper is called
the cycle spinning. A signal is generated from a photo using a wavelet transform, then the image is
reconstructed with rotational shifts and the noise is eliminated. This method has three basic steps,
which includes wavelet transform of the noisy photo, finding the hard or soft threshold, and at last
signal conversion. In the first step, a white mask of noise is randomly selected from the pixels of
each frame, is applied to the entire frame. Then, wavelet transform is applied, subsequently the cycle
spinning with optimal shift values is applied to them. The results show that the method not only
increases the accuracy of detection and classification of objects, but also identifies more objects [2-4].
In [5], deep neural networks is used to track objects, focusing on leveraging existing data to efficiently
track objects. Meanwhile, similarity learning has been introduced. In [6], a deep neural network is
introduced that employs probability distribution to capture video frames and directly compute the
tracking accuracy. In [7], focus is taken on regions detected in traceability. This paper shows that
different regions can have different detection accuracy. Therefore, efforts have been made to select
the best region based on the tracking accuracy. In [8], it is shown that neural networks can be
used as a tool to extract features for object tracking. By investigating the different designs of the
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neural network layers for feature extraction, an optimal design for tracking objects is achieved. In
[9], overfitting is prevented using ensemble methods added to pre-trained models, then an increase in
model performance would be achieved. In [10], a dual SVM-based methods is proposed to increase
the speed of tracking objects, which have a positive effect on online tracking.

3. Preliminaries

3.1. Noise Addition
To make the content understandable, noise is added by percentage. By randomly selecting a specific
percentage of the total pixels of the frame and whitening the pixels in the frame. This means that
the value of the gray pixels are set to 255. At last, a frame containing white noise is produced. An
example of the noisy frames is shown in Fig. 2. Fig. 2 (A) shows the original frame, and Fig. 2 (B)
shows the same image with 25% white noise.
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برای افزایش سرعت در ردیابی اشیاء [ 10] در. شود و شاهد افزاریش کارایی مدل هستیماضافه می آموزش دیدههای از پیش مدل

 شدتواند تاثیر بالایی داشته باآنلاین می یهاگانه ارایه شده است که در ردیابیخطی دو svmروشی مبتنی بر 

 ویزروش اضافه کردن ن .2

های یک گونه که به صورت تصادفی از میان کل پیکسلبدین. دانهها بر حسب درصد اضافه شدبرای قابل فهم بودن مطالب، نویز

با  ا راهنبه این معنی که مقدار سطوح خاکستری آ. کنیمدرصدی را انتخاب کرده و مقادیر آن پیکسل در فریم را سفید می فریم

های نویزی در  یک نمونه از این فریم. شوددر انتهای کار فریمی که شامل نویز سفید است تولید می. مکنیجایگذاری می 255مقدار 

درصد نویز  25همان تصویر با  bمربوط به یک فریم اصلی است و تصویر  a(، تصویر 2ت. در شکل )نمایش داده شده اس( 2شکل )

 باشد.سفید می

 

 

 کردن فریم : نویزی2 شکل

 رویکرد پیشنهادی .3

برای تسریع در عمل نتیجه گیری از وزن هایی . برای تشخیص و ردیابی اشیا استفاده شد 3از معماری یولو همانطور که گفته شد

با عنوان  از آن سافت معرفی شد و هم اکنونروکاین معماری توسط ما .اندهای کوکو آموزش دیدهاستفاده شد که قبلا روی داده

های متفاوتی مورد استفاده این مدل با معماری. شودتوان از آن در ردیابی اشیا در دنیای واقعی استفاده کرد یاد میلی که میمد

ر مورد بحث و بیشت[ 11]این معماری در. ی کانوولوشن استلایه75ای که در این مقاله استفاده شد دارای معماری. گیردقرار می

 ست.بررسی قرار گرفته ا

ها پرداخته گیرد که در ادامه به توضیح هر کدام از این گامذف نویز در دوگام اساسی تبدیل ویولت و شیفت چرخشی انجام میح

 ت.شده اس

 لتگام اول: تبدیل ویو

 ا:گیریم که برابر است بدر نظر می Yفریم نویزی را آنگاه  .نویز باشد Nفریم ورودی و  Xفرض کنید که 

Y=X+N 

Figure 2: Noise Addition

3.2. YOLO Algorithm
YOLO algorithm gives a much better performance on all the parameters with a high fps for real-time
usage. YOLO algorithm is an algorithm based on regression, instead of selecting the interesting part
of an Image, it predicts classes and bounding boxes for the whole image in one run of the Algorithm.
To understand the YOLO algorithm, first we need to understand what is actually being predicted.
Ultimately, we aim to predict a class of an object and the bounding box specifying object location.
Each bounding box can be described using four descriptors:
1. Center of the box (bx, by)
2. Width (bw)
3. Height (bh)
4. Value c corresponding to the class of an object
Along with that we predict a real number pc, which is the probability that there is an object in the
bounding box. YOLO doesn’t search for interested regions in the input image that could contain
an object, instead it splits the image into cells, typically 19x19 grid. Each cell is then responsible
for predicting K bounding boxes. An Object is considered to lie in a specific cell only if the center
co-ordinates of the anchor box lie in that cell. Due to this property the center co-ordinates are always
calculated relative to the cell whereas the height and width are calculated relative to the whole Image
size. During the one pass of forwards propagation, YOLO determines the probability that the cell
contains a certain class. pc denotes the probability that there is an object of certain class ‘c’.

scorec,i = pc × ci (3.1)
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The class with the maximum probability is chosen and assigned to that particular grid cell. Similar
process happens for all the grid cells present in the image. After predicting the class probabilities,
the next step is Non-max suppression, it helps the algorithm to get rid of the unnecessary anchor
boxes. There are numerous anchor boxes calculated based on the class probabilities. To resolve this
problem Non-max suppression eliminates the bounding boxes that are very close by preforming the
IoU (Intersection over Union) with the one having the highest class probability among them.

Figure 3: Intersection over Union

It calculates the value of IoU for all the bounding boxes respective to the one having the highest
class probability, it then rejects the bounding boxes whose value of IoU is greater than a threshold.
It signifies that those two bounding boxes are covering the same object but the other one has a low
probability for the same, thus it is eliminated. Once done, algorithm finds the bounding box with
next highest class probabilities and does the same process, it is done until we are left with all the
different bounding boxes. After this, almost all of our work is done, the algorithm finally outputs
the required vector showing the details of the bounding box of the respective class. The overall
architecture of the algorithm can be viewed below:

Figure 4: YOLO Architecture

Therefore, the most important parameter of the Algorithm, its Loss function is shown below. YOLO
simultaneously learns about all the four parameters it predicts. This was all about the YOLO
Algorithm. We discussed all the aspects of Object detection along with the challenges we face in
that domain. We then saw some of the algorithms that tried to solve some of these challenges but
were failing in the most crucial one-Real time detection (speed in fps). We then studied the YOLO
algorithm which outperforms all the other models in terms of the challenges faced, its fast-can work
well in real-time object detection, follows a regression approach. Still improvements are being made
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in the algorithm. We currently have four generations of the YOLO Algorithm from v1 to v4, along
with a slightly small version of it YOLO-tiny, it is specifically designed to achieve an incredibly high
speed of 220 fps.

4. Proposed approach

As mentioned earlier, Yolo3 architecture is used to detect and track objects. To speed up the process,
weights are previously trained on Cocoa dataset. The architecture was introduced by Microsoft and
is now known as the model that can be used to track real-world objects. This model is used with
different architectures. The architecture used in this paper has 75 layers of convolution. This
architecture is discussed further in [11].
Noise removal is performed in two basic steps of wavelet transform and rotating shift, which are
described below.
Step 1: Wavelet tranform
Assume that X is the input frame and N is the noise. Then the noisy frame is denoted by Y and is
equal to:

Y = X +N (4.1)
Then the recovered image as is denoted by X’. According to the proposed method in [2-4], wavelet
transform of noisy image is performed in three stages. 1. Wavelet transform of noisy photo. 2.
Finding the soft or hard threshold of the resulting signal 3. Apply two-dimensional discrete image
conversion to obtain noise-free image. If wavelet transform is denoted by W and the threshold
function with η(.), then the noise-free image will be as follows:

x̂ = w−1(η(W (y))) (4.2)
where eta is the threshold function that can be soft or hard. The hardness of the threshold is affected
by the amount of detail retention at the edges and other parts of the image.
Step 2: Cycle spinning
The algorithm has the ability to detect unknown signals based on successive shifts and then find the
average value of the results linearly.
If we consider the shift of an image to be Si, j, and the value of the wavelet transform is denoted by
W, then the rotational shift will be equal to:

ŷ =
1

k1k2

k1,k2∑
i=1,j=1

S−i,−j

(
W−1 (η (W (Si,j(y))))

)
(4.3)

where k1 and k2 are the maximum shifts. Finding the maximum optimal values is mostly based on
trial and error. However, some methods have been proposed to compute it [12]. It should be noted
that the sigma in the above equation depends on the values of k1 and k2, and increasing the values
would slow down the shift operation. Therefore, in this paper, an optimal number is .
The general process of the approach is shown in Fig. 5:

5. Experimental results

As mentioned earlier, an attempt is made to obtain more accuracy by considering the computational
speed. According to the explanation given in the third section of the paper, Yolo version three is
used to perform the experiments. To increase efficiency and accuracy, as well as obtaining quick
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Figure 5: The proposed approach

results, a previously trained model is employed. This model is trained on Cocoa data introduced by
Microsoft. This data set belongs to real-world eighty different classes.
In the first step, the video frames are extracted, then a white mask of noise is added to the frames
by percentage and randomly. Comparison is made to understand the effect of noise and its removal
from frames. The accuracy of object detection is determined by the percentage with the name of the
object in all frames. If the probability of object detection is less than 50%, they are not displayed
in the figures. Fig. 6 shows that by adding more noise, some objects cannot be detected by the
proposed model. The accuracy of the detection is also reduced. By adding 40% of noise, object
detection and tracking would reach 0 by the model. In Fig. 6, three consecutive frames are selected
from a video and 25% noise is applied to them, then objects inside the frames are detected (Fig. 6-
a, b, c). Then, on the same previous frames, the noise level is increased to 40% and attempts are
made to detect objects using the presented architecture (Fig. 6- d, e, f).

5 

 

طبق توضیحات داده  .پیشتر اشاره شد سعی شده است تا با در نظر گرفتن سرعت محاسبات دقت بیشتری بدست بیاید همانطورکه

برای افزایش کارایی و دقت و  .از یولو ورژن سه برای عملی کردن آزمایش های مورد نظر استفاده شد ت سوم مقاله،شده در قسم

وکو که توسط کاین مدل روی داده های   .وزش دیده شده است استفاده کردیمهمچنین نتیجه گیری سریع از مدلی که  قبلا  آم

این مجموعه  داده متعلق به هشتاد کلاس متفاوت است که در زندگی روزمره دیده  .مایکروسافت معرفی شد آموزش دیده است

 .شودمی

حسب درصد و بصورت تصادفی به ز بر در مرحله ی اول فریم های ویدیوی مورد نظر استخراج شده سپس ماسک سفیدی از نوی

دقت  .های ثابتی مقایسه انجام گرفته استها روی فریمبرای درک کردن تاثیر نویز و حذف آن از فریم .ها اضافه شدندفریم

 50اگر احتمال تشخیص اشیا کمتر از   .ها مشخص شده استمراه با نام آن شی در تمامی فریمتشخیص اشیا بر حسب درصد ه

برخی اشیا توسط  ،شود که با اضافه کردن نویز بیشتردیده می( 4) طبق شکل .باشد در شکل ها نمایش داده نخواهند شددرصد 

صد در 40 ای که هنگام اضافه کردنبه گونه .آیدینین دقت تشخیص آنها هم پایین میهمچ .مدل ارایه شده قابل تشخیص نیستند

( سه فریم پشت سر هم از یک ویدئو انتخاب شده 4در شکل ). باشدگیری نمیدتشخیص و رنویز هیچ چیزی توسط مدل قابل 

(. سپس a,b,c( تصاویر 4ها تشخیص داده شده است)شکل)درصدی به آنها اعمال شده سپس اشیاء درون فریم 25است و نویز 

استفاده از معماری ارائه شده اشیاء درصد افزایش پیدا کرده و دوباره تلاش شده با  40ها قبلی، مقدار نویز به روی همان فریم

 (. d,e,f( تصاویر 4تشخیص داده شوند)شکل )

 

 

 : تاثیر میزان نویز در تشخیص اشیاء4 شکل

ی فریم و محور عمودی تعداد محور افقی شماره .قابل تشخیص در هر فریم نمایش داده شده است خودروهایتعداد  (5ر شکل )د

 15ز طبق شکل واضح است که افزایش نویز ا .فریم برای رسم این نمودار استفاده شده است 1500د تعدا .ایش میدهدآن را نم

 .تواند تاثیر بسزایی در ردیابی اشیای داخل ویدیو داشته باشددرصد می 40ه بدرصد 

Figure 6: The effect of noise on object detection

Fig. 7 shows the number of detectable vehicles in each frame. The horizontal axis shows the frame
number and the vertical axis shows the number of vehicles. 1500 frames have been used to draw
this diagram. As can be seen from the figure above, increasing noise from 15% to 40% can have a
significant effect on tracking objects in video.
Fig. 8 shows the 1500 frames. The diagram shows the average accuracy of detecting tracked cars in
percentage for 15 and 40 percentage of noise levels. First, the accuracy of the vehicle detection in
percentage is summed and then divided by the number of vehicles. It is clear that noise addition by
40% has a negative effect on vehicle tracking compared to noise addition by 15%, and most of the
diagrams remain at zero.
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 درصد 40و  15ویزهای : مقایسه تعداد خودروهای تشخیص داده شده به ازای ن5 شکل

 

درصدی میانگین دقت   40و  15ی ر این نمودار برای میزان نویزهاد .فریم مطالعه شده است 1500ن نیز روی هما( 6ل )در شک

های تشخیص داده شده حساب ابتدا جمع درصد دقت ماشین .های ردیابی شده بر حسب درصد اعلام شده استتشخیص اتوموبیل

درصدی تاثیر بدی بر  15درصدی نسبت به نویز  40 شود که نویزبه وضوح دیده می .شودتعداد آنها میشده و سپس تقسیم بر 

  .اندنمودار در صفر باقی مانده هایقسمت ها داشته و بیشترردگیری ماشین

 

 درصد 40و  15ء به ازای نویزهای : مقایسه دقت تشخیص اشیا6 شکل

 

 

Figure 7: Comparison of the number of vehicles detected for 15and 40 percent applied noise
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 درصد 40و  15ء به ازای نویزهای : مقایسه دقت تشخیص اشیا6 شکل

 

 

Figure 8: Comparison of object detection accuracy for 15 and 40 % noise

Once all the noisy frames of the video have been traversed, noise removal operation starts. In
this step, wavelet transform is performed. The rotational shift then completes the noise removal
operation. An example of the de-noised frames are shown in Fig. 9.
As mentioned earlier, fixed frames are used to compare the results. As can be seen, the proposed
method has not only increased the accuracy of object detection, but has also been able to detect more
objects. Fig. 9 (a) shows a sample frame. Added noise to image is 25%. In this case, vehicles can
be detected by human eyes, while the system detect it as a train! After the noise removal operation,
Fig. 9 (c) is obtained. The effect of the proposed method can be observerd, according to the figure.
All detected objects are assigned to the associated class.
Fig. 9 (d) is also obtained after noise from Fig. 9 (c). In (c), only one vehicle can be detected. While
in (d), more vehicles with acceptable percentages are detected and tracked. This is very important
in self-driving cars. Because if the algorithm is not able to detect the surrounding vehicles, it can
cause an accident.
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-دراین مرحله ابتدا تبدیل ویولت انجام می .رسدکه تمام فریم های نویزدار ویدیو پیمایش شد نوبت به حذف نویز می بعد از این

 (7ل )توانید در شکای دینویز شده را میهنمونه ای از این فریم .کندتر میسپس شیفت چرخشی عمل حذف نویز را کامل .گیرد

 .مشاهده کنید

 

 

 : رفع نویز و تاثیر آن در دقت تشخیص7 شکل

 

شود این همانطور که مشاهده می .ی نتایج بدست آمده استفاده شدهای ثابتی برای مقایسهانطور که پیشتر اشاره شد از فریمهم

 .شخیص دهدمدل و روش مدنظر نه تنها باعث  افزایش دقت تشخیص اشیا شده است بلکه توانسته است تعداد بیشتری اشیا را ت

توسط چشم انسان میتوان .درصد در نظر گرفته شده است25نویز داده شده  .یک نمونه فریم انتخاب شده است a( تصویر 7)شکل 

  (7) بعد از عمل حذف نویز شکل !در حالی که سیستم ارایه شده آن را قطار تشخیص داده است .ها را تشخیص داداتوموبیل

همه ی اشیایی که تشخیص داده شده اند  به  .توان تاثیر روش ارایه شده را درک کرده به شکل میبا توج .شودحاصل می cتصویر 

 .کلاس صحیح خود تعلق گرفته اند

در  .فقط یک اتوموبیل قابل تشخیص است cتصویر در  .شودحاصل می cتصویر بعد از نویزگیری از  d( تصویر 7) همچنین شکل

این مساله در ماشین های خودران  .اندای قابل قبول تشخیص و ردیابی شدهای بیشتری با درصدههاتوموبیل dتصویر حالی که در 

 د.اشد میتواند باعث ایجاد تصادف شوهای اطراف را نداشته بچرا که اگر الگوریتم توانایی تشخیص ماشین .بسیار مهم است

Figure 9: Elimination of noise and its effect on detection accuracy

In the following, two criteria of accuracy and recovery have been used to measure the efficiency of
the system provided. The definitions of these two criteria are as follows:

6. Conclusion

In this paper, the effect of white noise on the error rate of neural network in object detection is
investigated. By increasing noise, it is observed that the proposed model is not able to detect any
object and in most cases the accuracy of detection is reduced. Furthermore, the quality of the frames
is increased using the cycle spinning, and the effect on increasing the accuracy of object tracking is
observed. The cycle spinning is one of the most efficient methods because it keeps more information
in the frames, including the edges.
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