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ABSTRACT

Study the fluid properties through computer vision to understand the
flow behavior of the fluid. In the fields of artificial intelligence and
machine learning these days, image processing in computer vision has been
used for several purposes, including experimental purposes in fluid
mechanics to observe and extract the data from fluid flows. This thesis
focuses on processing the given object’s video that falls into a fluid to
quantify the qualitative data, velocity, and viscosity, using Python
programming language with a small single-board computer, Raspberry
Pi4. There are two alternatives to detect the object in the image(each frame
of the video), Canny edge detection and Deep learning. We decided to do
the Canny edge detection as it is the faster option. After we can
differentiate the object and the background, we can calculate the
displacement of the object between two different frames with respect to the
calculated pixels per metric ratio, with the known displacement and time
interval (calculate from the frame per second of the video) we can find the
velocity of the object.
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CHAPTER 1
INTRODUCTION
1.1 Background

The usage of fluid properties has been acknowledged in various fields of science.
Some believe that analyzing the visualization flow has an advantage over mathematical
modeling and typical measurement.

With the growth of computer technology these days, there are many digital image
recording devices. Consequently, the improvement in computer technology makes
image processing a vital tool in engineering. The way computer vision works is as same
as human vision. However, computer vision uses artificial intelligence to train
computers to understand complicated things in a visual world by using digital images
obtained from cameras or videos and deep learning to identify, classify, and analyze
objects. Then provides data that it has been trained to diagnose to gain a high-level
understanding of a given process.

Raspberry pi is a single-boarded computer that has been used to study the flow
of fluids through the computer vision process in this thesis because of its functionalities
in supporting Python language for the image processing algorithm to detect the object
and extract the necessary data.

1.2 Objective

To study and extract the properties of fluid using computer vision with raspberry
pi.
1.3 Scope of Work

1. Study the properties of fluid from fluid mechanics.

2. Work on a Python algorithm to detect a given object.

3. Extract the velocity of a given object that falls into the fluid from a video
through image processing.

4. Calculating the viscosity of the fluid by using data obtained from image
processing.

1.4 Expected Benefits

1. Understanding the process of computer vision to apply it to our research or
further usage.

2. Developing the algorithm for detecting the velocity of a given object by using
raspberry pi4.

3. Developing a mathematical model with a detected velocity for providing
viscosity.



CHAPTER 2
FUNDAMENTALS OF FLUID MECHANICS

2.1 Introduction

Fluid mechanics is a study of the behavior of fluids at rest or in motion. Fluid
mechanics is based on the study of Newton’s laws of motion, the conservation theorem,
thermodynamics, and the physical mechanics of fluid. The subject is sectionalized into
two parts, fluid statics, and fluid dynamics.

2.2 Properties of fluid

2.2.1 Density

The density of fluid p (rho) defines its mass per unit volume.

2.2.2 Specific Weight

The specific weight of fluid y (gamma) defines its weight per unit volume
Y =p9

2.2.3 Newton’s Law of Viscosity
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Figure 2.2. 3 Newton’s Law of Viscosity[1]

The element of fluid is deformed when a very small force F is applied to the plate.
Consequently, after acceleration, the plate is brought into equilibrium by the viscous
resistance of the fluid, so the plate begins to move with a constant velocity U. During
this process, the plate creates a no-slip condition at the bottom on the plates so that the
particles of fluids at the fixed surface remain at rest while those on the bottom side of
the plate move with the same velocity as a plate. In between two surfaces, the layers of
fluid move along with a velocity u.

2.2.4 Shear stress

Shear stress (7) occurs during the motion that we have described in topic 2.2.3. It

defines the force that elements of fluid affect on a unit area.

_ o AF _dF
=A™ da

2.2.5 Shear Strain
Due to the flow of fluid, the shear stress causes a fluid element to deform into the
shape that is shown in fig 2.2.3 during a time A4t. The result of this deformation is called

shear strain. Assuming the small angle during short time At is a (alpha)

ox
Aa = tanAa = —
Ay



Since the element of fluid at the top part moves faster than the element at the
bottom part. Therefore, the equation of this relationship can be expressed in an equation
as

da du
dt ~ dy
Or it can be written as
du
T= ﬂ@

2.2.6 Reynolds number

The most common way to represent this number in fluid mechanics is based on
the ratio of the inertia forces to viscous forces

2.2.7 Laminar flow
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Figure 2.1.1.7 Laminar flow[4]

Laminar flow is the type of fluid flow that is characterized by a smooth path of
fluid particles. The velacity of fluid flow in laminar flow is low compared to turbulent
flow and there is no mixing between layers of flow. Reynolds number of laminar flows
is less than 2000.

2.2.8 Turbulent flow

| S > >
| :

Figure 2.1.1.8 Turbulent flow[4]
Turbulent flow is the type of fluid flow that is characterized by an irregular and
chaotic flow of fluid particles. The average velocity of fluid flow in turbulent flow is
approximately equal to the velocity of the fluid at the center of the flow.



2.3 Fluid Statics

Fluid Statics is the study of fluids at rest or flows with constant velocity. It mainly
dealt with the equilibrium of floating and submerged objects and the pressure exerted
by the fluid.

If the fluid is at rest relative to the surface, there is only one force that fluid can
exert on each other’s molecule, which is the normal force. The effect of this force is
called pressure. Pressure is defined as the force acting on an area divided by this area.
If the surface has a finite area and the pressure is uniformly distributed over this area,
then the average pressure is
F
A
Pressure can have units of Pa (N/m?), psi (Ib/in?).

Pavg =

If a fluid were removed from its container, a vacuum would be created and the
pressure in the container would be zero. This is referred to as zero absolute pressure.
The pressure higher than this value is referred to as absolute pressure, P,;,. Standard
atmospheric pressure is the average air pressure at sea level at a temperature of 15°C
(59°F)

Pyem = 101.3 kPa (14.70 psi)

gage pressure(pg) is the pressure measured relative to the atmospheric pressure,

therefore
Povs = Poygm + Pg

Static pressure variation Due to the weight of the fluid, the pressure would vary in
a static fluid. Consider a small, slender vertical fluid element having cross-sectional
areas 44, length Az. For each element, the weight is included. It is the product of the

fluid’s specific weight y and the volume of the element, AV = AAAz.
The change in pressure from one side of each element to its opposite side is

assumed to increase in the positive z direction and expressed as (%E)Az. If we apply
the equation of force equilibrium, we obtain

d
ZFZ =0; p(a4d) — (p + d—ZAZ) AA —y(AAAZ) =0

dp = —ydz
2.3.1 Pressure variation for incompressible fluid
If the fluid is incompressible, its specific weight is constant. If we consider
the liquid surface by the reference, assume that the pressure is p0 and z is measured
downward positively as Fig. 2.3.1.

*

Figure 2.3.1 Pressure variation for incompressible fluid[1]



By integrating from the surface to the depth z = h, This process can be
written as an equation as

P h
Jpdp =7 J; dz

As we assume that the pressure P, = P,;,, then the pressure of incompressible

fluid is
P =yh

2.3.2 Measurement of static pressure

There are several ways to measure pressure in an engineering field. However,
the most common way to measure pressure is using a measuring tool such as a
barometer and manometer.

The most common way to measure atmospheric pressure is using a barometer

which is a device invented by Evangelista Torricelli. It consists of a mercury inside
for pressure measuring purpose.

NG

Figure 2.3.2a Barometer[1]

As the atmospheric pressure pushes down on the mercury surface, the
pressure at point B and C becomes equal at the same horizontal level so the
relationship of the pressure between among these three points becomes

Py =P, +yHyh

Patm = 0+ yHyh = yHyh

The height h is stated in millimeters of mercury.

Moreover, the most common way to measure the gauge pressure is using a
manometer

There are several types of manometers but the most 2 common way that have
been used a lot are 1.Piezometer 2.U-tube manometer as shown in fig. 2.3.2b and
fig 2.3.2c



A e

Figure 2.3.2b Piezometer[1]
The pressure at point Ais P, = y(h + d).

Piezometers do not work well for measuring high gauge pressure, so a U-tube
manometer is used instead. From fig. 2.3.2c, the pressure at point A is equal to the
pressure at point B in the tube since both points are on the same horizontal level.
Therefore, the pressure at point C is P = P4, + yhg and because of the pressure
at point C and D are equal, then

Y'hpe = Pa+ vhge

Py =y'hpg —vhgc



2.3.3 Buoyancy
The principle of buoyancy states that when a body is placed in a static fluid,
it is lift by a force that is equal to the weight of the fluid displaced by the body

Figure 2.3.3a Submerged body[1]

The state of buoyancy can be explained by observing Fig. 2.3.3a. In Fig.
2.3.3a Because of fluid pressure, the resultant of vertical force acting upward on
the bottom surface of the body, ABC, is equal to the weight of fluid contained
above this surface, that is, within the volume ABCEFA. Furthermore, the resultant
force due to pressure acting downward on the top surface of the body, ADC, is
equal to the weight of fluid contained within the volume ADCEFA. The difference
in these forces acts upward and is the buoyant force.

2.3.4 Stability

Due to the equilibrium, a body can float in a liquid in three ways, in stable,

unstable, or neutral equilibrium.

Figure 2.3.4 Stability

Stable equilibrium happens when the object is placed by its center of gravity
is below its center of buoyancy, then a slight angular displacement of the bar, Fig.
2.3.4a, creates a couple of moments between the weight and buoyant force that
causes the bar to return itself to the vertical position.

Unstable equilibrium happens when the object is placed in the liquid so that
its center of gravity is above the center of buoyancy, Fig. 2.3.4b; then a slight
angular displacement creates a couple of moment that causes the bar to rotate
further from its equilibrium position.

Neutral equilibrium happens when the weight of the given object is removed
so that the weight and buoyant force are balanced, then its center of gravity and
center of buoyancy stay at the same point in Fig. 2.3.4c. Any rotation of a
submerged bar causes it to remain in the newfound equilibrium position.



2.4 Fluid Dynamics

Fluid dynamics is the sub-discipline of fluid mechanics that studies the movement
of fluids or flow of fluids. Fluid dynamics are required for the understanding of flow
visualization.

For the study of fluid dynamics, three conservation laws are used for observing
and analyzing fluid flow. The conservation laws, or what we called governing equations
of fluid dynamics, are 1. Conservation of mass 2. Conservation of momentum 3.
Conservation of energy.

2.4.1 Governing equations

2.4.1.1 Conservation of mass or Mass continuity

A continuity equation is an equation that describes the transport of some quantity.
Especially with conserved quantities, Any continuity equation can be expressed in an
"integral form,” which applies to any finite region, or in a "differential form.” the
equation can be written as

9]
—j pdV+J pVr .dA=0
ot Joy YT

CcS cs
2.4.1.2 Conservation of momentum
Conservation of momentum is the general law of physics according to which
the quantity called momentum the characterizes motion never changes in an
isolated collection of objects. Consequently, the total momentum of a system
remains constant.

2.4.1.3 Conservation of energy

Bernoulli Equation: H, =H,

v : P. v.2 ;
+ ==+ h = —++—+h
28 pg ,2g t

i
3

Figure 2.4.1.3 Conservation of energy[5]

Conservation of energy equation or Bernoulli’s equation is the equation that
states the relationship between pressure, speed, and height of any specific point on
the steady streamline.

Bernoulli’s equation can be viewed as a conservation of energy because it
results from kinetic energy, potential energy, and the extra force gained by the
system.

Continuity |
23 gf
v dri=v,d? |

1 2 1 2
P1+5pvi + pghy =Py +5pv; + pghy



2.4.2 Stokes’ Law

[-%

:

Figure 2.4.2 Stokes’ Law[8]
Stokes’ Law represents the relationship of a frictional force or drag force of
a sphere moving in a Newtonian fluid and other quantities shown in the Stoke’s
equation.

Fp = 6nnrv
F, - drag force or frictional force
n - Viscosity
r -  radius of a sphere
v - speed of a given object that falls into fluid

2.4.3 Navier-Stokes equation
Velocity profile can be calculated in many ways including Navier-Stokes
equation.

—dh

dx

Figure 2.4.3 Navier-Stokes equation
From Fig 2.4.3 X, y, z axes are given. Assuming that the fluid is steady
incompressible flow in x-direction, so that v = w =0. So, the continuity equation

becomes
dp  0(pu) d(pv) d(pw)
at + 0x + dy + 0z 0
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ou
0+po—+0+0=0

The result shows that % =0

Assuming the symmetry happens in z-direction and the flow is steady simply
say that u is not the function of z but a function of y. Therefore, the result of the
Navier-Stokes equation becomes

Ju Ju Ju Ju
p( +tu—+v—+w ) PGy —

aP <62u 0%u 62u>

ot T Yax Ve Tz ax Mt oz
0 ( dh) oP N d*u
“PI\Tax) T ax Tay?

(6v+ 6v+ 6v+ av)_ 6P+ 62v+62v+62v
p uxvywz—pgy ay”axz 0y?  0z2

0= 0 aP+0
= —pg cos oy

ow ow ow ow
o )

E+ua+va—+wa—z

L OP 62W+ 62W+62W
SO az 0x%  0y2  0z2
dP
0=0——+4+0

0z
The result shows that P is constant in z-direction so that
P =—p(gcosB)y+ f(x)

Navier-Stokes equation can be rearranged by using the relationship y = pg
with an integration

d’u 1d
I r“’ i)
dzu

ay ,ud (P+)/h)y+C1

[d— (P +yh)]—+ C,y + G,

2.4.4 Steady laminar flow between parallel plates
Assume that the fluid is Newtonian and its flow is laminar that flows between
two parallel plates

.‘I

Steady low
through plates

Figure 2.4.4a Flow between two plates
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Datum T T~y

Figure 2.4.4b Fluid element between two plates

pAyAZ (7 +% Ay)AxAz
TAXAZ
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YAXAy Az

Figure 2.4.4c Free body diagram of fluid element

—Ah
Ax

Figure 2.4.4d The angle from free body diagram of fluid element
The plates are separated by the distance a. Assume that the top plate is moving
with the velocity U and it is relative to the bottom plate. As in Fig. 2.4.4a the
velocity is constant in the x direction but not in the y direction. With the
assumption that the fluid is a steady laminar flow and it is incompressible in order
to obtain shear-stress the momentum equation is being applied. The free body
diagram is shown in fig. 2.4.4c and the equation of this process is

9
Zsz—f VpdV+f V,Vj /s + dA
at cv cs

dp Jdt
pAyAz — (p + an) AyAz + (T + @Ay) AxAz — tAxAz

Net pressure force Net shear force
+yAxAyAzsind = 0+ 0
Weight

If we rearrange the equation with the relationship of the angle shown in Fig
2.4.4d. Then the equation becomes



12

dt 0 R
Since the pressure is the function of X, we use the total derivation
and integrate the equation above with respect to y.

d
T= [a(p+yh)]y+61

This equation can be used in both laminar and turbulent flow. Then after
apply the concept that the fluid is Newtonian and laminar flow with the Newton’s
law of viscosity, the equation becomes

du d
ng = rm)y e
Then, integrating respect to y
ird y?z G
u =;[&(P+V@]7+;J’+ C;

These constant can be eliminated by obtaining the no slip condition

Uu d a
=2 m]o-
Shear-stress distribution Laminar and turbulent flow

2 +1[d +h] 8
K 20 dx(p yh)| (v —ay)

Velocity profile Laminar flow
Considering the pressure at two point shown in fig. 2.4.4e

Datum

Figure 2.4.4e Pressure between two point
The equation can be written as
d P2P1 hahy
- h) =
pCRRD) +

L VL
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2.4.5 Steady laminar flow within a smooth pipe
This section is focused on the determination of velocity and shear stress that
make the flow steady and incompressible within a smooth pipe

h ¥

'\\\1

JP \4/?3\ |

[ {
h _ V’AAﬁ A

©"z,

5 T
@ [

Datum

~x

Figure 2.4.5a Laminar flow within a smooth pipe

pAd

= 722
e
g

(7 + 2 anaa
[
LR‘Z—'..’F
Figure 2.4.5b Free body diagram of fluid element in a smooth pipe
When applying momentum equation to the control volume in Fig. 2.4.5a,
Therefore, the free body diagram is drawn in fig 2.4.5b the equation can be written

as

9
ZF’C:EL, Vpdv+f Vs /es - dA
9

CS
inle (p +a—Z-Ax>AA 4+ TAA 4 YDA + YAV sin® = 0 + 0

Applying the cross-sectional area from Fig. 2.4.5a then the shear stress for
both laminar and turbulent flow can be calculated by using equation

r
T—Ea(P‘l'Yh)

Assuming that the flow is laminar and the fluid is Newtonian, with the
Newton’s law of viscosity.
dur 0 + vk
dr 2u ox (b +yh)

Then use the total derivative of x and integrating respect to r.
2

L iy +c
u audx(p Yh)

In order to eliminate these constants , we apply the no slip condition so the
velocity can be calculated by
(R?—1r%) d

u= —Ta(lﬂ‘)’h)
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2.4.6 Fully developed flow from an entrance

For laminar flow, when a fluid that first stays at rest begins to flow with
acceleration to enter the pipe's entrance. Its velocity is nearly uniform at first then,
as the fluid travels further, due to its viscosity, the velocity of fluid element near
the wall begins to decrease. Consequently, the velocity of the fluid at the wall
becomes zero. After that, the viscous layers form a boundary layer begins to spread
outward from the wall towards the pipe’s centerline until the central core of fluid,
which initially had uniform velocity, narrows down and disappears at a distance
L. So the result of this, the flow becomes fully developed and the parabolic
velocity profile for laminar flow becomes constant as shown in Fig. 2.4.6a

=1

Fully
developed
laminar flow

Figure 2.4.6a Fully developed laminar flow

The entrance L’ for laminar flow can be calculated by using equation
L' = 0.06(Re)D
for Re < 2300
For turbulent flow, the entrance length does not all depend on the Reynolds
number. It depends more on the shape and the roughness of the pipe. Through
experiments and computer analysis, it has been found that fully developed
turbulent flow can occur within a shorter distance compared to laminar flow.

Fully

developed

turbulent flow

Figure 2.4.6b Fully developed turbulent flow
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CHAPTER 3
Computer vision

3.1 Introduction to Computer Vision and Raspberry pi

Nowadays, Computer vision is used in many kinds of fields such as mathematics
and engineering. It is used to analyze images and videos that have been captured to
study and extract information from captured images and videos.

3.1.1 OpenCV

Open-Source Computer Vision (defined as OpenCV) is an important library
source for computer vision. It plays an important role in the machine learning and
artificial intelligence field because of its functionalities for image processing and
computer vision. It also works with many programming languages, including Python,
and it contains lots of necessary functions for machine learning and computer vision.

3.1.2 Raspberry Pi

Raspberry Pi is a small single-board computer developed to work on computer
skills and programming languages such as Python. OpenCV allows Raspberry pi to
observe, analyze, and extract specific data from images and videos.

3.2 Image processing algorithms

Algorithms are required for processing images in computer vision. The two
general algorithms that play an essential role in computer vision are 1. Edge detection
2. Region detection and labeling.

3.2.1 Edge detection_

k ‘q\ H
Figure 3.2.1 Canny edge map for our pill image [6]

Edge detection is used for labeling and identifying the boundaries of a given
object. The edge detection process is about detecting a discontinuity in the
intensity of images or the change in brightness of images. There are several kinds
of edge detection algorithms. However, the most commonly used is Canny Edge
Detection which is an algorithm used to identify a wide range of edges. Its
functionalities are simply converting the image into grayscale for an accurate
calculation. Consequently, this method provides a detailed result for further use.
3.2.1.1 Types of edges
1. Step edge

A step edge forms when there is an abrupt change in pixel intensity from one
side of the discontinuity to the other, Fig. 3.2.1.1a. These types of edges tend to
be easy to detect.
2.Ramp edge

Similar to the step edge, the difference is that the change in pixel intensity is
not instantaneous. Instead, the change in pixel value occurs at a short but finite
distance, Fig. 3.2.1.1b.
3.Ridge edge
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A ridge edge is similar to combining two ramp edges bumped right against
another. A ramp edge occurs when image intensity changes abruptly but returns to
the initial value after a short distance, Fig. 3.2.1.1c.
4.Roof edge

Unlike the ridge edge, it slowly ramps up on either side of the edge, but it
falls back down at the peak quite quickly, Fig. 3.2.1.1d.

(c) (d)
Figure 3.2.1.1 Types of edges [6]

3.2.1.2 Canny edge detection

Canny edge detection algorithm is a multi-step process consisting of

1. Gaussian smoothing

Smoothing an image allows us to ignore the detail and instead focus on the actual
structure and outline of the images' objects to processing them further.

Gaussian blurring is similar to average blurring. We use a weighted mean instead
of a simple mean, where neighborhood pixels closer to the central pixel contribute more
"weight" to the average. Gaussian smoothing is used to remove noise that
approximately follows a Gaussian distribution. Based on this weighting, we will
preserve more of our image's edges than average smoothing.

Gaussian smoothing uses a kernel of M x N, where both M and N are odd integers.
Since the weighting pixels are based on their distance from the central pixel, we need
an equation to construct our kernel. The equation for a Gaussian function in one

direction is:

%2

e 202

G(x) =

27O
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extend this equation to two directions, one for the x-axis and the other for the y-

axis, respectively:

G(x,y) =

1 _x2+y2

e 202
2o

where x and y are the respective distances to the horizontal and vertical center of
the kernel and o is the standard deviation of the Gaussian kernel. The result is shown

in Fig. 3.2.1.2.
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Figure 3.2.1.2. Gaussian blur with different kernel sizes.




18

3.2.2 Region detection and labeling

e
.

Figure 3.2.2 Region detection and labeling[7]
Region detection identifies the region of binary images and then labels and
analyzes the boundary by numbers. Analyzing the boundary of images help in studying
their properties, such as parameter. This method is widely used in several kinds of

detection, such as object detection, face detection, and face recognition. So, this
function is further used in detecting an object to extract its properties in a process.

—_

3.3 Velocity measurement algorithms

3.3.1 Block matching algorithms

Block matching is one of the most common ways to detect and estimate the motion
of fluid particles by detecting the movement of an object between two frames of
pictures. The process sets the first frame as a reference with a divided sub-block and
then observes the block’s displacement between two frames to calculate the velocity.

3.3.2 The best match between the block calculation

This method is used in the decision-making in considering what blocks should be
compared to each other.

The matching of two blocks is based on mean square error and mean absolute
difference to get the extract blocks for comparison.

Mean square error (MSE)
1 n-1n-1
i=0 i=0
Mean Absolute difference (MAD)
1 n—-1n-1
i=0 i=0

3.3.3 Optical flow algorithms

Because of the growth of technology in Computer vision, the optical flow
method is an important method for computer vision due to its functionality in extracting
a relative motion of object and viewer. This method has been more popular than the
best match between block method because it is difficult and time-consuming to
calculate MSE and MAD.

The optical flow equation is known as the conservation of brightness equation.
This equation states that if the selected object in the picture frame is followed by the
object, the brightness of the object is not changed as there is no change of brightness

caused by the environment.
DI 0l

—=—4
Dt Ot
This equation can be written in vector form as

UE;
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ol
(I L,). (w,v) = — 5%
Therefore, the magnitude of the vector can be calculated by :
ol
ot

JE+ 12

The conservation of brightness equation is difficult to use due to the effect of
brightness from the environment. However, this method is a suitable method for
estimating a tiny movement between frames.

3.3.4 Horn-Schunck algorithm

The Horn-schnuck algorithm is one of the general fundamental algorithms in
optical flow measurement. It is based on what is known as the smoothness constraint.
This method assumes that if a fluid moves slowly, the square of the velocity gradient is
minimum.

6u2+ du_, p 6v2+ v,
G+ Gy and G+ 5)
Therefore, this method is used for calculating the error such that the error of the

brightness equation is
E =LU+LV+I,

So that the error of calculating the smoothness of velocity flow can be written as
o e (au)z A (au)z = (BV)Z 0 (OV)Z
2\ Bk ay 0x dy
Summing these two equations and adding a smoothness factor (alpha) so the
equation can be written as

EZ =fJ-E,2 + a?EZdxdy

The following equation can cooperate with Euler Lagrange equations and be
written as

L(LLU+LV +1;) —a?V?u =0
L(LU+LV+1)—a?V?v =0
Using Laplace velocity approximation
Viu~ k(u—uw)V?v = k(a—u)V?v =
So, the equation of the system can simply be written as
(@® +IDu+ L1, = a®u — I,
Lilyju+ (I;a%) = a?v — L1,
solving the equation for velocity components from these linear equations
(@® + 12+ 12)u = +(a? + 12)a — LI, 7 — L,
(a2 + 12+ 12)v=+(?+ D0 — LL,5— 1,1,
The Horn-Schunck algorithm can be done as the assumption is settled but finding
the suitable smoothness coefficient (alpha) is very difficult to obtain.
3.3.5 Lucas-Kanade method
There is another general algorithm that helps in solving optical flow equations, it
is called Lucas-Kanade’s method. This method assumes that the motion between two
frames is slow, and the optical velocity is constant in each small block of the image

frame.
The equation is written in matrix form as
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L(pP) 1,(P;) u [—It(Pl)
. v :

Ix(Pn) Iy(Pn) _It(Pn)

Pn is the pixel inside the block window

The equation could be writtenasv = b

Therefore, using the principle of “Least squares”, multiplying both sides by
transpose matrix AT then the equation can be written as

ATAv = ATh
So that the velocity equation in matrix form is
v=(ATA)1ATh

[u]_ Zil"(pi)z Zily(Pi)Ix(Pi) B _zilx(pi)lt(qi)
vl Zin(pi)Ix(pi) zilx(pi)z —zily(pi) L(q;)

3.3.6 Visualization of Velocity

When observing and calculating the velocity through computer vision, the best
and common way is to use a vector. The vector can represent the fluid flow as the
mathematical complex number form u + vi and combine with the block matching
method or Lucas-Kanade method.

3.4 Deep Learning

Deep learning is a subfield of machine learning. Moreover, it is said to be the
subfield of artificial intelligence(Al). Deep Learning is a simulation of the human
brain's processing patterns. Using a neuron-like network to process, Deep Learning
separates the data and details once the data is received and then analyzes the strengths
and differences of the data in depth. It is similar to filtering the data in layers. Then sum
the data to output and check how the result is, wrong or right.

For example, with a single animal that does not know what it is, the Deep Learning
process checks and predicts 'maybe’ this animal, not necessarily saying it has wings or
a tail. Deep Learning ‘predicts.’ first. If deep learning makes a mistake, it learns and
adjusts the processing to make the output more accurate. Furthermore, the more it
learns, the more Deep Learning understands and goes deeper into the finer details until
able to notice even the slightest difference in the data without the need for human
guidance.

Deep Learning

Machine Learning

Artificial Intelligence

Figure 3.4 Deep learning Chart[9]
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In this project, there are two methods of training deep learning models to detect
the given object. The first method is trained by using Tensorflow & Keras and the
second method is trained by Yolov4.

3.4.1 History of Deep Learning and Neural Network

Deep learning has existed since the 1940s under different names such as
cybernetics, connectionism, and even Aurtificial Neural Networks (ANNs). ANNS was
Inspired by the neuron cells of the human brain that interact with each other to form the
nervous system. Therefore, ANNSs were not meant to be computer brains. They are just
a model used for connecting models and processing information through artificial
neural networks.

The first neural network model was invented by McCulloch and Pitts in 1943, it
was made to become a binary classifier. It could recognize two categories. There was
the problem that the weights file that is used for determining class labels could not be
done automatically but instead manually by humans.

In the 1950s the seminal Perceptron algorithm was invented by Rosenblatt. This
model could do the process that it could not do in 1943 which is automatically
performance of weights file. The concept of Perceptron algorithm is shown in Figure
3.4.1. It was formed by the concept of Stochastic Gradient Descent(SGD) which is still
valid for training neural networks nowadays.

Inputs
Weights

Weighted Step
Sum Function

Figure 3.4.1a Perceptron algorithm diagram[9]

In 1969 Minsky and Papert published neural network research that demonstrated
the error in the linear solver function of Perceptron. This research indicated that
Perceptron was not able to solve nonlinear problems so it was not a good linear
classifier.

Furthermore, the backpropagation algorithm along with the research by Werbos,
Rmelhart et al and Lecun et al was able to fix the neural networks from its error of
solving linear function. Their research showed the backpropagation algorithm could
enable multi-layer feedforward neural networks for training.

Layer 3
(Output layer)

Figure 3.4.1b Backpropagation algorithm diagram[9]
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Nowadays, the latest version of neural networks is called deep learning. It has
developed so far since the first version itself, its processing is much faster and it has
become specialized in training data. The usage of trained neural networks with many
more hidden layers has become well-known that are capable of hierarchical learning
which sets the basic concept of process in lower layers and complex process within
higher layers in order to follow the pattern efficiently.

When the application of deep learning is applied to any type of learning the
typical example of the usage of this process is called Convolutional Neural
Network(CNNSs). Convolutional Neural Network was invented by LeCun et al in 1998.
It was first used to recognize handwritten characters automatically by learning the
discriminating patterns which are called filters. CNNs learn from images by
sequentially putting the stacked layers on top of each other and differentiating them,
filters in lower levels usually represent the edges and corners while the higher layers
represent other finer details.

The usage of CNNs has become widely known in a short of time. CNNs are
now commended for their ability to classify images and pushing the state-of-the-art
forward in the computer vision field for the advantage of machine learning.

3.4.2 Hierarchical Feature Learning

Machine learning algorithms are generally divided into three parts, supervised
learning, unsupervised learning, and semi-supervised learning.

For supervised learning, an algorithm is set in both given inputs and given outputs
for the point of learning patterns so that the computer can mind map the input data
automatically for the correct output. Therefore, if the output is incorrect, the supervised
learning model corrects the false data to become more accurate next time.

About unsupervised learning, unsupervised learning algorithms always try to
automatically discriminate between features without any suggested information to
discover what the inputs are. This type of learning is clearly a more challenging
problem than supervised learning because it is easier to define the discriminated
patterns than the unknown clues.

Semi-supervised learning is a combination of supervised learning and
unsupervised learning. This type of learning is more common than supervised learning,
the training algorithm on a labeled dataset in each record to process the outcome
information. The semi-supervised algorithm allows computers to conclude patterns and
identify the connection between a given variable and the rest of the dataset based on
the given information. The goal of machine learning for image classification is to take
sets of images and identify their patterns to identify their classes or objects of them.

The Deep Learning model increases the performance of computers in machine
learning models. In the past, when there was no deep learning, the method to quantify
the contents of an image was hand-engineered features. The use of raw pixels as inputs
to machine learning models was rare compared to now which is common for deep
learning. For each dataset, deep learning performs feature extraction which is the
process of collecting the detail of an input image then quantifying it to the settled
algorithm called feature extractor, and returning the detail of each dataset in vector form
to quantify the contents of a given dataset.
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Figure 3.4.2 An example of quantifying the image.[9]

3.4.3 TensorFlow & Keras

Keras is a deep learning Application Learning Interface(API) written in Python,
running on the machine learning platform TensorFlow. It focuses on enabling the quick
process of experimental purpose. The key of Keras is to be able to get the result from
an idea as rapidly as possible for doing research.

In the development of machine learning, it may not be accessible to code because
of the complexity of libraries that are used for development. Google has developed
open-source software libraries for programming dataflows for different tasks. It is
called TensorFlow.

Tensorflow is one of the best deep learning developed by Google. It has been used
to develop many products such as search engines, automatic dictionary translation,
image captioning, and recommendations. For visualization development, Google has
bought Al to help develop user experience in terms of speed to bring results and
accuracy. For example, the suggestion of a word from just its second letter.

3.4.4YO0OLO

YOLO stands for “You Only Look Once’ an algorithm that plays an important role
in detecting and recognizing objects in a picture or video in both recording and real-
time.YOLO object detection provides the probabilities of the images by differentiating
their classification along with employing convolutional neural networks(CNN) to
detect objects. The algorithm works as its name. It requires only a single propagation
to get a neural network to work. The prediction of the set of images is done by a single
algorithm if their classifications are already trained and saved. The YOLO algorithm
consists of various versions of itself. Nevertheless, the most significant version these
days is YOLOV4.

In this project, there are two methods of training deep learning models to detect
the given object. The first method is trained by using Tensorflow & Keras and the
second method is trained by Yolov4.
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CHAPTER 4
RESEARCH METHODOLOGY

4.1 Introduction

Developing software to measure the velocity of an object based on visual
information such as video clips or camera feed requires an algorithm that can track a
given object and find the displacement in that motion by obtaining the correlation
between the pixel in the video and the actual displacement.

4.2 Detection

4.2.1 Canny edge detection

We use a Canny edge detector to differentiate between the object and the
background as it is a simple and yet effective algorithm to find the edge of an object in
the image.

The workflow Canny edge detector.

Step 1: Smooth the image using a Gaussian filter to remove high-frequency noise.

Step 2: Compute the gradient intensity representations of the image.

Step 3: Apply non-maximum suppression to remove “false” responses to edge
detection.

Step 4: Apply thresholding using a lower and upper boundary on the gradient
values.

Step 5: Track edges using hysteresis by suppressing weak edges that are not
connected to strong edges.

Figure 4.2.1 Detection: (left)original image (right) Image after using Canny edge
detector.

4.2.2 Deep-learning object detection
Deep-learning object detection is a powerful tool to detect an object, but we need
to train our own object detection framework to use this tool.
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4.3 Tracking

After differentiating the object and the background, we find the centroid of an
object and keep the position to compare it with the next frame.

Figure 4.3 Tracking: (left) Image after using Canny edge detector. (right) Draw
the outline and the tracking point on the centroid to the original image.

4.4 Extract the data

First, we need to calibrate the pixel in the image to the actual distance. Then find
the distance between two frames from the fixed time interval diameter of 7.4 cm. Then
find the distance between two frames from the fixed time interval.

Figure 4.4 Extract the data: (left) Frame 138. (middle) Frame 157. (right)
Calculated displacement.
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4.5 Process the data

Now we know the distance and time interval, we can easily calculate the velocity
of an object. The camera is filming at 30 frames per second.

157 — 138 =19
(30 frame)( 13.5cm ) — 213
1 sec 19 frame) = cm/sec

Substitute the velocity and other known properties into the math model and
calculate the viscosity of the fluid by using Stoke’s Law and Newton’s law of motion
for force balancing.

ZFy=Fd+Fb—mg=0
Fy = énnrv
4 3
mg — F, = §7T7’ (Pvau — Pﬂuid)g

_ 4o —pp)g _ 27%(pp — Pr)g
3 6TV 9 v

n

4.6 Model Training

4.6.1 Training by Tensorflow&Keras Method

We use the Tensorflow&Keras algorithm for training our custom sphere model.
Stepl: We get the sphere picture from the internet for 176 pictures as a

data set.

Figure 4.6.1.a example of sphere’s picture
Step2: We locate the boundary of a sphere in each picture by using excel to
locate the coordinate points and then make the boundary by using python
programming.

s0ie
EEzr

Figure 4.6.1b Process of step2



Step3: We use the Tensorflow&Keras library to train the sphere model.

test_split

)
ws = open(config.ANNOTS_PATH).read().strip().split( )

data = []
targets = []
filenames = []

Figue 4..1c Process of training by Tensorflow & Keras

Bounding Box Regression Loss on Training Set
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Figure 4.6.1d Graphical representation of Bounding Box Regression Loss
After completing Step3 we check the result, but it does not work as we expect.

r £ in fil

Figure 4.6.1e Process of checking result
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Figure 4.6.1f Result of object detection test
We make the hypothesis that the data set that we use for training does not match
the sphere in the testing video due to the distorted frame of the sphere that falls into the

fluid.
We repeat Stepl with the pictures we get from obtaining the video frame by frame

for 829 pictures and repeat Step2 to Step3 again.

Figure 4.6.1g Picture from video
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AN s | c D
1 |frame000C 139 319 185
2 1 139 EZS) 187
3 |frame000: 140 322 186
4 |frame000: 139 324 186
5 | frame000¢ 139 329 185
6 140 332 185
7 | frame000¢ 139 334 185
8 |frame000; 139 336 185
9 | frame000 139 338 185
10 | frame000¢ 141 341 184
11 |frame001C 138 343 183
12 |frame0011 139 345 183
13 |frame001: 139 347 183
14 |frame001: 139 348 183
15 |frame001 138 352 182
16 | frame001t 138 354 182
17 |frame001¢ 138 357 182
18 |frame001; 138 360 182
19 |frame001¢ 138 361 182
20 |frame001¢ 138 364 182
21 |frame002¢ 138 366 182
22 |frame0021 138 368 182
23 |frame002: 137 370 181
24 |frame002: 137 EVE] 181
25 |frame002¢ 137 376 181
26 |frame002¢ 137 378 181
27 |frame002¢ 137 380 181
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Figure 4.6.1h Repeating step2 and 3
: Bounding Box Regression Loss on Training Set
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Figure 4.6.1i Graphical representation of bounding box regression loss

As a result of this method, it does not detect the sphere properly. We assume that
the Tensorflow&Keras method is not working with a small and unique object due to
the distortion of the sphere by the fluid.

Figure 4.6.1j Result of Tensorflow&Keras method
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4.6.2 Training by YOLO Method
We use the YOLO method for the training sphere model.

Stepl: Preparing YOLO algorithm on “Darknet” which is an open-source
neural network framework for YOLO.

>
es”, c_int),

POINTER(c_float)),

R(c_float)),

class DETNUMPAIR(Structure):

Figure 4.6.2a YOLO algorithm

Step2: Preparing the dataset for 829 pictures and setting the boundary of each
picture by using Labellmg program.
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Figure 4.6.2b Labelling boundary

Step3: After preparing the data set, we train the YOLO to detect our pictures on
Google Collab because the Google GPU has high performance on coding, especially in
training a model. Training on Google Collab takes 6.5 hours meanwhile, the training
on Raspberry Pi4 takes 17.6 hours regarding the difference between CPU on Raspberry
Pi4 and Google GPU.
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Figure 4.6.2c Processing on Google Collab
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Figure 4.6.2d Graphicz;i'represé"ntat'i"bn of tralnlng loss on YOLO method

Step4: After getting a weight file which is the file that contains our sphere model,
we test it on Raspberry Pi4.

u] chart_cov_yolov4.png 412442022 4:31 PM BNG File 76 KB
9| cov_yolovd.cfg 4242022 4:29 PM Configuration Sou... 12 KB
| cov.yolov4 bestweights 4/2812022°%27 PM WEIGHTS File 250,016 KB
| yolovd.cfg 8/5/2020 5:12 PM Configuration Sou... 14 KB
| volov4.weiahts 8/5/2020 5:24 PM WEIGHTS File 251,678 KB

Figure 4.6.2e Result of training

) e Edit Selec

custom

Figure 4.6.2f Result of YOLO method
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The result is that our Raspberry Pi4 is able to detect the sphere. Comparing the
result of Tensorflow&Keras method, the YOLO method is more accurate than
Tensorflow because we are enabled to detect our sphere with the same data set using
YOLO but it does not work with Tensorflow&Keras.

faia
Figure 4.6.2g Result of object detection test

4.6.3 Tracking Distance & Speed

After getting the trained sphere model, we run the testing video that the sphere is
falling along the tube to obtain the distance that the sphere has moved along the video
then calculate the obtained distance into speed and do the python programming to track
the speed of the sphere.

Figure 4.6.3 speed tracking

Where inv is an instant speed(cm/s) measured frame by frame and avv is an
average speed(cm/s) calculated from the first and last frames that the sphere moves.



Then we export the result of this tracking into excel

frame | ceny inst vel | avg vel

0 74.0 0.000 0.000

1 78.5 6.660 6.660

2 85.0 9.620 8.140

3 91.0 8.880 8.387

4 99.0 11.840 9.250

5 103.5 6.660 8.732

6 110.0 9.620 8.880

7 114.0 5.920 8.457

8 120.5 9.620 8.603

9 130.5 14.800 9.291
10 135.0 6.660 9.028
11 139.5 6.660 8.813
12 145.5 8.880 8.818
13 150.5 7.400 8.709
14 160.0 14.060 9.091
15 165.0 7.400 8.979
16 171.5 9.620 9.019
17 176.5 7.400 8.924
18 181.5 7.400 8.839
19 194.5 19.240 9.386
20 199.5 7.400 9.287
21 204.0 6.660 9.162
22 208.5 6.660 9.048
23 215.0 9.620 9.073
24 227.0 17.760 9.435
25 231.0 5.920 9.294
26 236.5 8.140 9.250
27 244.0 11.100 9.319
28 248.0 5.920 9.197
29 256.0 11.840 9.288
30 261.0 7.400 9.225
31 268.0 10.360 9.262
32 275.5 11.100 9.319
33 275.5 0.000 9.037
34 287.5 17.760 9.294
35 293.5 8.880 9.282
36 299.0 8.140 9.250
37 305.5 9.620 9.260
38 309.5 5.920 9.172
39 3175 11.840 9.241
40 323.0 8.140 9.213
41 331.0 11.840 9.277

Test 1
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42 336.0 7.400 9.232
43 339.0 4.440 9.121
44 348.5 14.060 9.233
45 353.5 7.400 9.192
46 362.0 12.580 9.266
47 368.0 8.880 9.258
48 370.0 2.960 9.127
49 380.5 15.540 9.258
50 385.5 7.400 9.220
51 393.0 11.100 9.257
52 400.0 10.360 9.278
53 403.5 5.180 9.201
54 412.5 13.320 9.277
55 418.0 8.140 9.257
56 423.0 7.400 9.224
57 430.0 10.360 9.244
58 434.0 5.920 9.186
59 443.0 13.320 9.256
60 448.5 8.140 9.238
61 453.5 7.400 9.208
62 461.0 11.100 9.238
63 466.0 7.400 9.209
64 474.0 11.840 9.250
65 479.5 8.140 9.233
66 483.5 5.920 9.183
67 491.0 11.100 9.211
68 494.5 5.180 9.152
69 504.5 14.800 9.234
70 510.0 8.140 9.218
71 518.0 11.840 9.255
72 524.0 8.880 9.250
73 529.0 7.400 9.225
74 536.5 11.100 9.250
75 542.0 8.140 9.235
76 545.5 5.180 9.182
77 552.5 10.360 9.197
78 557.5 7.400 9.174
79 568.0 15.540 9.255
80 573.5 8.140 9.241
81 580.5 10.360 9.255
82 588.0 11.100 9.277
83 589.5 2.220 9.192
84 598.5 13.320 9.241
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85 602.5 5.920 9.202
86 608.5 8.880 9.198
87 616.0 11.100 9.220
88 620.5 6.660 9.191
89 626.0 8.140 9.179
90 634.0 11.840 9.209
91 640.0 8.880 9.205
92 645.0 7.400 9.186
93 649.0 5.920 9.151
94 657.0 11.840 9.179
95 664.5 11.100 9.199
96 670.5 8.880 9.196
97 675.5 7.400 9.178
98 679.0 5.180 =437
99 685.5 9.620 9.142
100 694.5 13.320 9.183
101 700.5 8.880 9.180
102 704.5 5.920 9.148
103 712.0 11.100 9.167
104 719.0 10.360 9.179
105 7271.5 12.580 9.211
106 731.0 5.180 9.173
107 737.5 9.620 9.177
108 740.5 4.440 9.134
109 745.5 7.400 9.118
110 756.0 15.540 9.176
111 760.5 6.660 9.153
112 765.5 7.400 9.138
113 773.0 11.100 9.155
114 779.0 8.880 9.153
115 783.5 6.660 9.131
116 789.5 8.880 9.129
117 796.5 10.360 9.139
118 802.0 8.140 9.131
119 805.5 5.180 9.098
120 812.0 9.620 9.102
121 821.5 14.060 9.143
122 827.0 8.140 9.135
123 831.0 5.920 9.109
124 836.5 8.140 9.101
125 843.0 9.620 9.105
126 851.0 11.840 9.127
127 854.0 4.440 9.090
128 859.5 8.140 9.082
129 865.5 8.880 9.081
130 871.0 8.140 9.074
131 877.0 8.880 9.072

132 885.0 11.840 9.093
133 889.0 5.920 9.069
134 897.0 11.840 9.090
135 903.0 8.880 9.088
136 908.0 7.400 9.076
137 914.5 9.620 9.080
138 920.0 8.140 9.073
139 925.5 8.140 9.066
140 931.0 8.140 9.060
141 935.5 6.660 9.043
142 945.5 14.800 9.083
143 950.0 6.660 9.066
144 955.0 7.400 9.055
145 959.5 6.660 9.038
146 965.5 8.880 9.037
147 972.0 9.620 9.041
148 979.5 11.100 9.055
149 985.0 8.140 9.049
150 990.0 7.400 9.038
151 995.0 7.400 9.027
152 1000.0 7.400 9.016
153 1009.0 13.320 9.044
154 1013.5 6.660 9.029
155 1019.0 8.140 9.023
156 1024.5 8.140 9.018
157 1029.5 7.400 9.007
158 1035.5 8.880 9.006
159 1043.0 11.100 9.020
160 1048.0 7.400 9.010
161 1053.0 7.400 9.000
162 1059.0 8.880 8.999
163 1063.0 5.920 8.980
164 1073.0 14.800 9.015
165 1077.5 6.660 9.001
166 1082.5 7.400 8.991
167 1088.0 8.140 8.986
168 1093.0 7.400 8.977
169 1100.5 11.100 8.989
170 1108.5 11.840 9.006
171 11135 7.400 8.997
172 1118.0 6.660 8.983
173 1122.0 5.920 8.966
174 1127.5 8.140 8.961
175 1136.0 12.580 8.981
176 1143.0 10.360 8.989
177 1147.0 5.920 8.972
178 11515 6.660 8.959




179 | 11575 8.880 8.959
180 | 1167.0 14.060 8.987
181 | 11715 6.660 8.974
182 | 1178.0 9.620 8.978
183 | 1183.0 7.400 8.969
184 | 11855 3.700 8.940
185 | 1193.0 11.100 8.952
186 | 1199.5 9.620 8.956
187 | 1205.5 8.880 8.955
188 | 1210.5 7.400 8.947
189 | 12145 5.920 8.931
190 | 1222.0 11.100 8.942
191 | 1230.0 11.840 8.957
192 | 12345 6.660 8.946
193 | 12395 7.400 8.938
194 | 1245.0 8.140 8.933
195 | 1249.0 5.920 8.918
196 | 1257.0 11.840 8.933
197 | 1264.0 10.360 8.940
198 | 1270.0 8.880 8.940
199 | 12735 5.180 8.921
200 | 12785 7.400 8.913
201 | 1286.0 11.100 8.924
202 | 12935 11.100 8.935
203 | 1298.5 7.400 8.927
204 | 1303.5 7.400 8.920
205 | 1307.5 5.920 8.905
206 | 1314.0 9.620 8.909
207 | 1323.0 13.320 8.930
208 | 1328.0 7.400 8.923
209 | 13325 6.660 8.912
210 | 13375 7.400 8.905
Test 2
frame |ceny inst vel | avg vel

0 84.5 0.000 0.000

1 95.0 | 15.540 15.540

2 101.0 8.880 12.210

3 106.0 7.400 10.607

4 1115 8.140 9.990

5 117.5 8.880 9.768

6 1255 | 11.840 10.113

7 133.0 | 11.100 10.254

8 138.0 7.400 9.898

9 144.0 8.880 9.784

10 148.0 5.920 9.398
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211 1342.0 6.660 8.894
212 1347.5 8.140 8.890
213 1357.5 14.800 8.918
214 1362.0 6.660 8.908
215 1367.5 8.140 8.904
216 1371.0 5.180 8.887
217 1377.0 8.880 8.887
218 1387.0 14.800 8.914
219 1391.0 5.920 8.900
220 1396.0 7.400 8.893
221 1400.5 6.660 8.883
222 1406.0 8.140 8.880
223 1414.0 11.840 8.893
224 1420.0 8.880 8.893
225 1425.5 8.140 8.890
226 1430.5 7.400 8.883
227 1434.5 5.920 8.870
228 1439.0 6.660 8.861
229 1449.0 14.800 8.886
230 1454.0 7.400 8.880
231 1457.5 5.180 8.864
232 1462.0 6.660 8.854
233 1468.5 9.620 8.858
234 | 1477.0 12.580 8.874
235 1485.0 11.840 8.886
236 1488.5 5.180 8.871
237 1494.0 8.140 8.868
238 1496.5 3.700 8.846
239 1502.0 8.140 8.843
240 1513.0 16.280 8.874
241 1518.0 7.400 8.868
242 1521.5 5.180 8.852

11 159.0 | 16.280 10.024

12 161.0 2.960 9.435

13 167.5 9.620 9.449

14 173.5 8.880 9.409

15 179.5 8.880 9.373

16 192.0 | 18.500 9.944

17 198.0 8.880 9.881

18 202.5 6.660 9.702

19 208.5 8.880 9.659

20 216.5 | 11.840 9.768

21 2240 | 11.100 9.831

22 230.5 9.620 9.822
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23 235.5 7.400 9.717
24 240.5 7.400 9.620
25 249.0 | 12.580 9.738
26 256.5 | 11.100 9.791
27 264.0 | 11.100 9.839
28 268.0 5.920 9.699
29 274.0 8.880 9.671
30 2815 | 11.100 9.719
31 287.5 8.880 9.692
32 294.0 9.620 9.689
33 299.5 8.140 9.642
34 303.5 5.920 9.533
35 3115 | 11.840 9.599
36 316.5 7.400 9:538
37 324.0 | 11.100 9.580
38 329.0 7.400 9.523
39 333.0 5.920 9.430
40 343.5 | 15.540 9.583
41 350.5 | 10.360 9.602
42 355.5 7.400 9.550
43 362.0 9.620 9.551
44 366.0 5.920 9.469
45 3745 | 12.580 9.538
46 3825 | 11.840 9.588
47 387.5 7.400 9.541
48 395.0 | 11.100 9.574
49 401.5 9.620 9.575
50 407.5 8.880 9.561
51 4115 5.920 9.489
52 417.0 8.140 9.463
53 422.0 7.400 9.425
54 427.5 8.140 9.401
55 440.0 | 18.500 9.566
56 445.0 7.400 9.528
57 450.5 8.140 9.503
58 456.5 8.880 9.492
59 467.0 | 15.540 9.595
60 471.5 6.660 9.546
61 476.0 6.660 9.499
62 482.0 8.880 9.489
63 486.5 6.660 9.444
64 496.5 | 14.800 9.528
65 503.0 9.620 9.529
66 507.5 6.660 9.485
67 515.0 | 11.100 9.510
68 519.0 5.920 9.457
69 527.5| 12.580 9.502

70 533.0 8.140 9.483
71 538.0 7.400 9.453
72 542.5 6.660 9.414
73 549.0 9.620 9.417
74 559.5 | 15.540 9.500
75 565.0 8.140 9.482
76 569.5 6.660 9.445
77 575.5 8.880 9.437
78 582.5| 10.360 9.449
79 590.5| 11.840 9.480
80 594.5 5.920 9.435
81 600.5 8.880 9.428
82 608.0 | 11.100 9.449
83 615.0 | 10.360 9.460
84 621.5 9.620 9.461
85 627.0 8.140 9.446
86 633.0 8.880 9.439
87 639.0 8.880 9.433
88 644.0 7.400 9.410
89 652.5 | 12.580 9.445
90 656.5 5.920 9.406
91 662.5 8.880 9.400
92 667.5 7.400 9.379
93 673.5 8.880 9.373
94 682.5 | 13.320 9.415
95 688.0 8.140 9.402
96 692.5 6.660 9.373
97 700.5 | 11.840 9.399
98 706.0 8.140 9.386
99 7145 | 12.580 9.418
100 719.5 7.400 9.398
101 726.0 9.620 9.400
102 732.0 8.880 9.395
103 736.0 5.920 9.361
104 745.0 | 13.320 9.399
105 749.0 5.920 9.366
106 753.5 6.660 9.341
107 761.0 | 11.100 9.357
108 766.5 8.140 9.346
109 772.0 8.140 9.335
110 779.0 | 10.360 9.344
111 785.0 8.880 9.340
112 789.5 6.660 9.316
113 796.0 9.620 9.319
114 802.5 9.620 9.321
115 810.0 | 11.100 9.337
116 815.0 7.400 9.320
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117 821.0 8.880 9.316
118 827.5 9.620 9.319
119 834.0 9.620 9.322
120 840.0 8.880 9.318
121 844.5 6.660 9.296
122 851.0 9.620 9.299
123 856.5 8.140 9.289
124 862.0 8.140 9.280
125 870.5 | 12.580 9.306
126 876.0 8.140 9.297
127 883.0 | 10.360 9.305
128 888.0 7.400 9.290
129 894.0 8.880 9.287
130 900.5 9.620 9.290
131 906.5 8.880 9.287
132 910.5 5.920 9.261
133 916.5 8.880 9.258
134 923.0 9.620 9.261
135 930.5 | 11.100 9.275
136 937.0 9.620 9.277
137 943.0 8.880 9.274
138 948.0 7.400 9.261
139 953.5 8.140 9.253
140 962.0 | 12.580 9.276
141 967.0 7.400 9.263
142 973.0 8.880 9.260
143 978.0 7.400 9.247
144 982.5 6.660 9.229
145 990.0 | 11.100 9.242
146 996.0 8.880 9.240
147 | 1002.0 8.880 9.237
148 | 1007.5 8.140 9.230
149 | 1014.0 9.620 9.233
150 | 1018.0 5.920 9.211
151 | 1026.0 | 11.840 9.228
152 | 1032.0 8.880 9.226
153 | 1037.0 7.400 9.214
154 | 1042.5 8.140 9.207
155 | 1047.5 7.400 9.195
156 | 1054.5 | 10.360 9.203
157 | 1060.5 8.880 9.201
158 | 1066.5 8.880 9.198
159 | 10715 7.400 9.187
160 | 1077.5 8.880 9.185
161 | 1084.5| 10.360 9.193
162 | 1092.0 | 11.100 9.204
163 | 1096.5 6.660 9.189

164 | 1103.0 9.620 9.191
165 | 1106.5 5.180 9.167
166 | 1115.5| 13.320 9.192
167 | 11215 8.880 9.190
168 | 1127.0 8.140 9.184
169 | 11315 6.660 9.169
170 | 1137.0 8.140 9.163
171 | 11425 8.140 9.157
172 | 1150.5| 11.840 9.173
173 | 1156.5 8.880 9.171
174 | 1161.5 7.400 9.161
175 | 1166.5 7.400 9.151
176 | 11715 7.400 9.141
177 | 1179.5| 11.840 9.156
178 |  1186.0 9.620 9.159
179 | 11915 8.140 9.153
180 | 1196.5 7.400 9.143
181 | 1202.0 8.140 9.138
182 | 1211.0| 13.320 9.161
183 | 1216.0 7.400 9.151
184 | 1220.5 6.660 9.137
185 | 1226.0 8.140 9.132
186 | 1230.5 6.660 9.119
187 | 1240.0 | 14.060 9.145
188 | 1245.0 7.400 9.136
189 | 1251.0 8.880 9.135
00 Y1 12565 6.660 9.121
191 | 1260.5 7.400 9.112
192 | 1264.5 5.920 9.096
193 | 1275.0 | 15.540 9.129
194 |  1280.5 8.140 9.124
195 | 1285.5 7.400 9.115
196 | 1291.0 8.140 9.110
197 | 1298.0| 10.360 9.117
198 | 1303.5 8.140 9.112
199 | 1310.0 9.620 9.114
200 | 1315.0 7.400 9.106
201 | 13195 6.660 9.094
202 | 1326.5| 10.360 9.100
203 | 13350 | 12.580 9.117
204 | 13395 6.660 9.105
205 | 13445 7.400 9.097
206 | 1349.0 6.660 9.085
207 | 13535 6.660 9.073
208 | 1364.0 | 15.540 9.104
209 | 1369.0 7.400 9.096
210 | 1374.0 7.400 9.088




211 | 1379.0 7.400 9.080
212 | 13835 6.660 9.068
213 1391.5 11.840 9.082
214 | 1398.5| 10.360 9.087
215 | 1404.0 8.140 9.083
216 | 1408.5 6.660 9.072
217 | 1413.0 6.660 9.061
218 1418.5 8.140 9.057
219 1426.5 11.840 9.069
220 1433.0 9.620 9.072
221 | 14385 8.140 9.068
Test 3
frame | ceny inst vel | avg vel

0 101.5 0.000 0.000

1 106.5 7.400 7.400

2 111.5 7.400 7.400

3 118.0 9.620 8.140

4 126.5 | 12.580 9.250

5 131.0 6.660 8.732

6 137.5 9.620 8.880

1 144.0 9.620 8.986

8 148.0 5.920 8.603

9 157.0 | 13.320 9.127
10 162.0 7.400 8.954
11 167.0 7.400 8.813
12 172.0 7.400 8.695
13 178.5 9.620 8.766
14 192.5 | 20.720 9.620
15 198.0 8.140 9.521
16 202.0 5.920 9.296
17 206.0 5.920 9.098
18 213.0 | 10.360 9.168
19 221.5| 12.580 9.347
20 229.0 | 11.100 9.435
21 233.5 6.660 9.303
22 240.5 | 10.360 9.351
23 248.5 | 11.840 9.459
24 255.5| 10.360 9.497
25 260.5 7.400 9.413
26 266.5 8.880 9.392
27 269.0 3.700 9.181
28 282.0 | 19.240 9.541
29 287.0 7.400 9.467
30 291.0 5.920 9.349
31 298.0 | 10.360 9.381
32 301.5 5.180 9.250
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222 | 1443.0 6.660 9.057
223 | 14485 8.140 9.053
224 | 1458.0 | 14.060 9.075
225 | 14615 5.180 9.058
226 | 1467.5 8.880 9.057
227 | 1472.0 6.660 9.046
228 | 1477.0 7.400 9.039
229 | 1488.0 | 16.280 9.071
230 | 1492.0 5.920 9.057
231 | 1497.0 7.400 9.050
232 | 1502.5 8.140 9.046
33 310.0 | 12.580 9.351
34 315.0 7.400 9.294
35 319.5 6.660 9.218
36 325.5 8.880 9.209
37 333.5 | 11.840 9.280
38 344.0 | 15.540 9.445
39 349.0 7.400 9.392
40 355.0 8.880 9.380
41 360.5 8.140 9.349
42 369.0 | 12.580 9.426
43 375.5 9.620 9.431
44 379.0 5.180 9.334
45 386.0 | 10.360 9.357
46 391.5 8.140 9.330
47 400.5 | 13.320 9.415
48 406.0 8.140 9.389
49 410.5 6.660 9.333
50 418.0 | 11.100 9.368
51 49340 7.400 9.330
52 432.0 | 13.320 9.407
53 436.5 6.660 9.355
54 440.5 5.920 9.291
55 448.0 | 11.100 9.324
56 454.0 8.880 9.316
57 464.0 | 14.800 9.412
58 470.0 8.880 9.403
59 474.0 5.920 9.344
60 479.5 8.140 9.324
61 485.5 8.880 9.317
62 494.5 | 13.320 9.381
63 500.5 8.880 9.373
64 505.5 7.400 9.343
65 512.0 9.620 9.347
66 522.0 | 14.800 9.429
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67 527.0 7.400 9.399
68 532.0 7.400 9.370
69 535.5 5.180 9.309
70 544.0 | 12.580 9.356
71 551.5| 11.100 9.380
72 557.5 8.880 9.373
73 563.0 8.140 9.356
74 570.0 | 10.360 9.370
75 575.5 8.140 9.354
76 583.0 | 11.100 9.377
77 587.5 6.660 9.341
78 594.0 9.620 9.345
79 599.5 8.140 9.330
80 607.0 | 11.100 9.352
81 614.5 | 11.100 9.373
82 620.0 8.140 9.358
83 628.0 | 11.840 9.388
84 632.0 5.920 9.347
85 638.0 8.880 9.341
86 646.0 | 11.840 9.370
87 649.5 5.180 9.322
88 656.0 9.620 9.326
89 660.5 6.660 9.296
90 665.5 7.400 9.275
91 678.0 | 18.500 9.376
92 681.0 4.440 9.322
93 686.0 7.400 9.302
94 693.5 | 11.100 5,52%
95 699.0 8.140 9.308
96 707.0 | 11.840 9.335
97 713.0 8.880 9.330
98 719.0 8.880 9.326
99 725.0 8.880 9.321
100 729.0 5.920 9.287
101 738.0 | 13.320 9.327
102 744.0 8.880 9.323
103 748.5 6.660 9.297
104 753.5 7.400 9.278
105 760.5 | 10.360 9.289
106 769.0 | 12.580 9.320
107 773.0 5.920 9.288
108 779.0 8.880 9.284
109 783.5 6.660 9.260
110 790.0 9.620 9.263
111 797.5 | 11.100 9.280
112 803.5 8.880 9.276
113 808.5 7.400 9.260

114 816.0 | 11.100 9.276
115 818.5 3.700 9.227
116 829.0 | 15.540 9.282
117 832.5 5.180 9.247
118 839.0 9.620 9.250
119 844.5 8.140 9.241
120 849.5 7.400 9.225
121 861.0 | 17.020 9.290
122 864.5 5.180 9.256
123 870.5 8.880 9.253
124 877.5| 10.360 9.262
125 881.0 5.180 9.229
126 891.0 | 14.800 9.274
127 896.0 7.400 9.259
128 899.5 5.180 9.227
129 903.5 5.920 9.201
130 911.0 | 11.100 9.216
131 920.0 | 13.320 9.247
132 925.0 7.400 9.233
133 930.0 7.400 9.219
134 937.0 | 10.360 9.228
135 942.5 8.140 9.220
136 950.5 | 11.840 9.239
137 955.5 7.400 9.226
138 959.5 5.920 9.202
139 965.0 8.140 9.194
140 970.5 8.140 9.187
141 975.5 7.400 9.174
142 984.0 | 12.580 9.198
143 991.0 | 10.360 9.206
144 997.5 9.620 9.209
145 | 1000.5 4.440 9.176
146 | 1007.0 9.620 9.179
1471 1013.5 9.620 9.182
148 | 1020.0 9.620 9.185
149 | 1024.5 6.660 9.168
150 | 1028.0 5.180 9.141
151 | 1034.0 8.880 9.140
152 | 1043.0 | 13.320 9.167
153 | 1048.5 8.140 9.161
154 | 1054.0 8.140 9.154
155 | 1058.0 5.920 9.133
156 | 1064.0 8.880 9.131
157 | 1073.5| 14.060 9.163
158 | 1079.0 8.140 9.156
159 | 1085.0 8.880 9.155
160 | 1088.0 4.440 9.125
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161 | 1093.0 7.400 9.114
162 | 1103.0 | 14.800 9.150
163 | 1108.5 8.140 9.143
164 | 1113.5 7.400 9.133
165 | 1118.0 6.660 9.118
166 | 1123.5 8.140 9.112
167 | 1131.5| 11.840 9.128
168 | 1138.0 9.620 9.131
169 | 1142.5 6.660 9.116
170 | 1147.5 7.400 9.106
171 | 1153.0 8.140 9.101
172 | 1158.5 8.140 9.095
173 | 1167.0 | 12.580 9.115
174 | 1173.5 9.620 9.118
175 | 1176.5 4.440 9.091
176 | 1182.0 8.140 9.086
177 | 1189.0 | 10.360 9.093
178 | 1196.5| 11.100 9.105
179 | 1203.0 9.620 9.107
180 | 1208.0 7.400 9.098
181 | 1212.0 5.920 9.080
182 | 1217.5 8.140 9.075
183 | 1226.0 | 12.580 9.094
184 | 1232.5 9.620 9.097
185 | 1236.5 5.920 9.080
186 | 1240.0 5.180 9.059
187 | 1248.0 | 11.840 9.074
188 | 1256.5| 12.580 9.093
189 | 1262.0 8.140 9.088
190 | 1267.0 7.400 9.079
191 | 1270.5 5.180 9.058
192 | 1276.0 8.140 9.053
193 | 1286.5| 15.540 9.087
194 | 1292.0 8.140 9.082
195 | 1297.5 8.140 9.077
196 | 1301.0 5.180 9.057
197 | 1305.5 6.660 9.045

198 | 1314.0 | 12.580 9.063
199 | 1320.5 9.620 9.066
200 | 1326.0 8.140 9.061
201 | 1330.0 5.920 9.046
202 | 1335.0 7.400 9.038
203 | 1342.5| 11.100 9.048
204 | 1351.0 | 12.580 9.065
205 | 1354.5 5.180 9.046
206 | 1360.0 8.140 9.042
207 | 1364.5 6.660 9.030
208 | 1372.5| 11.840 9.044
209 | 1380.0 | 11.100 9.054
210 | 1385.0 7.400 9.046
211 | 1389.5 6.660 9.034
212 | 1393.5 5.920 9.020
213 | 1399.5 8.880 9.019
214 | 1409.5 | 14.800 9.046
215 | 1413.5 5.920 9.031
216 | 1419.5 8.880 9.031
217 | 1422.5 4.440 9.010
218 | 1429.0 9.620 9.012
219 | 1440.5 | 17.020 9.049
220 | 1443.0 3.700 9.025
221 | 1449.0 8.880 9.024
222 | 1454.0 7.400 9.017
223 | 1458.0 5.920 9.003
224 | 1469.5 | 17.020 9.039
225 | 1473.0 5.180 9.021
226 | 1478.5 8.140 9.018
227 | 1483.0 6.660 9.007
228 | 1487.5 6.660 8.997
229 | 1495.0 | 11.100 9.006
230 | 1503.0 | 11.840 9.018
231| 1509.0 8.880 9.018
232 | 1513.0 5.920 9.004
233 | 1516.5 5.180 8.988




Number of test | Average speed of sphere of each test (cm/s)
1 8.852
2 9.046
3 8.988
Average 8.962
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We test the speed by tracking 3 times to get the average speed that we need for

further calculations.
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Result
According to the experiment, the properties that we use are :
Speed of sphere 0.08962 m/s
Mass of sphere 16.3¢g
Diameter of sphere 15 mm.
Density of oil engine 0.895 g/cm?®
Expected viscosity of oil engine (at 40 degrees celsius) | 155.6 cSt

3 £ \ ¢
| T

$
Figure 5.1 sphere weight 16.3g

@ ptt

Lubricants

MAX SPEED 4T

Tests Methods Units Resuilts
SAE 40
Density at 15°C ASTM D4052 g/em® 0,895
Kinematic Viscosity at 40 °C ASTM D445 mmé/s 155.6
Kinematic Viscosity at 100 °C ASTM D445 mm?/s 151
Viscosity Index ASTM D2270 - 97
Flash Point (COC) ASTM D92 ‘c 260
Pour Point ASTM D5950 ‘C -15

Figure 5.2 specification catalog

Convert cm/s to (m/s)

8962 _ 0.08962
100
Sphere density (kg/m?)
00163 _ .
4 0.015.,

Dynamic viscosity (Pa*s)
9.81-0.0152 - (9224 — 895)

18- 0.08962 = 11.38




Kinematic viscosity (m?/s)
11.385

895 — 0.01272

Convert to (cSt)
0.01272-10° = 12,720

Figure 5.3 calculate kinematic viscosity in the program
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Chapter6
Conclusion

In this thesis, the development of OpenCV and Deep learning is successfully done
with the usage in mechanical engineering calculation by training the deep learning
model to track the falling sphere in order to calculate the viscosity of the fluid.

In the training model, the Tensorflow&Keras method is not successful, this
happens because the dataset might not be good enough for Tensorflow&Keras, and the
amount of the given dataset is relatively few compared to the other model training for
object detection.  Therefore, YOLO method is successfully done because its library
was made specifically for object detection so that it could be optimized effectively with
our dataset.

The result of the experiment which is speed from the tracking is reasonable due to
the scales of the experimental tube. Therefore, the viscosity from the calculation is not
as expected.

The error might occur due to the size of the testing tube should be larger than the
typical experimental tube because with this size assumption the fluid has been pressed
and the shear stress would be irregular. And there are small bubble along the tube,
which could affect the density of the fluid.
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