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ABSTRACT

Computers have become popular in recent years. The forms of human-computer interaction
are increasingly diverse. In many cases, controlling the computer is not only through the mouse
and keyboard, but humans must control the computer through body language and
representation. For some people with physical disabilities, controlling the computer through
hand movements is essential to help them interact with the computer. The field of simulation also
needs these interactive applications. This paper studies a solution to build a hand tracking and
gesture recognition system that allows cursor movement and corresponding actions with mouse
and keyboard. The research team confirms that the system works stably, accurately and can
control the computer instead of a conventional mouse and keyboard through the implementation
and evaluation.
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1. INTRODUCTION

Many studies have shown that for traditional human-machine interaction without
using mouses and keyboards, webcams are the most effective devices to recognize
human commands for computer systems. Many systems use different ways to represent
mouse clicks, grabs, releases, or keystrokes. Erdem et al. used fingertip tracking to
control mouse movements in one study. A mouse button click is implemented by
defining a screen such that a click occurs when the user's hand hovers over the area [1].
Another approach was developed by Chu-Feng Lien [2]. This method only uses the
fingertips to control the mouse pointer and click. Clicking is based on image density and
requires the user to hold the mouse pointer at the desired location for a short time.
Kamran Niyazi et al. [3] used a webcam to detect the color of the cloth tape applied to
the fingertip. The movements of the fingers wearing this colored cloth will be equivalent
to the movements of a computer mouse. Clicks are calculated based on the distance
between the colored cloth tapes on the fingertips. The method of using colored cloth tape
glued on the finger to simulate the actions of a computer mouse is also used in [4], [5].
These methods all accurately simulate the actions of a computer mouse, such as mouse
movement, left and right-click, left double click, or drag operations. Still, the
disadvantages of these methods are that specific colored cloth tapes must be used at the
tips of the fingers and these devices are not always available.

For people with disabilities or ordinary people with some special working conditions,
interacting with the computer in the usual form with a mouse or keyboard can be
challenging. In military simulation systems, human-machine interaction is often used in
interactive control applications by hand movements used in many simulation problems
such as simulation in bomb and mine disposal.
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Gesture recognition research is to identify a specific human gesture and transmit the
information to the computer. The general goal is to make computers understand human
body language, thereby bridging the gap between machine and human. Hand gesture
recognition can be used to enhance human-computer interaction without relying on
traditional input devices such as keyboards and mouses. The proposed interactive system
uses a webcam to identify and recognize hand gestures based on hand gestures. In this
system that eliminates the sensor, we only analyze the hand image to control the
pointer’s movement and the computer keyboard.

In the new proposal of the research team, we propose a new method to simulate
mouse activities and some critical actions on the keyboard just by recognizing the human
hand through the camera without any equipment. Colored cloth tape does not need to be
used in this case. The proposed method confirms high accuracy, is capable of flexibly
simulating mouse movements and some basic keyboard operations such as left, right, up,
down, page up, page down.

2. AMETHOD OF DETERMINING THE KEY POINTS OF THE HANDS
2.1. Theoretical foundations

In our research, we propose a method to determine the key points of the hands based
on the open library of Google MediaPipe.
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Figure 1. Key points of the hands
(https://google.github.io/mediapipe/solutions/hands).

MediaPipe allows recognizing 21 essential key points on the hand. After determining
the key points, the next task is to determine the opening and closing actions of the
fingers, determine the distance between the fingers, and finally, based on the relative
position of the fingers to determine the corresponding mouse and keyboard actions. The
functional diagram of the system is shown in figure 2.

The main contents that the system needs to resolve to include:

- Directly capture hand image data from the webcams.

- Pre-processing, flipping the obtained images.

- Control the mouse pointer through key points movement

- Perform left-click, right-click, pick-and-drop, and double-click operations.
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Figure 2. The working diagram of the system.

2.2. Experiment preparation
2.2.1. Directly capture hand image data from webcams.

To obtain hand images, we use High-definition (HD) resolution webcams. The
webcam captures continuous video at a steady speed. We use laptops with configuration:
Core i7 CPU, 8Gb Ram with Windows 10 operating system installed in our experiments.
The measured processing speed ranges from 35-40 frames/sec, entirely suitable for
controlling the computer in real-time.

Figure 3. Processing the received hand image.
2.2.2. Pre-processing, flipping the obtained images

Images obtained from the webcam must be preprocessed. The received image is not
the same as the image we stand in front of the mirror, so if the hand moves to the left, the
image of the receiving hand also moves to the left of the screen, but from our viewing
angle, it moves to the right relative to us. This makes it challenging to use the hand
image to move the mouse, so it is necessary to process the obtained image and flip the
image horizontally so that the obtained image is like when we stand in front of a mirror.
This will be more convenient when controlling the hand into the correct position.

2.2.3. Controlling the mouse pointer through key point movement

The mouse pointer's position will be assigned a critical point on the hand. When this
key point moves, the mouse pointer moves accordingly. Some problems when choosing
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a pivotal point to control the mouse pointer should be noted as follows:

When the fingers move (clicks, keyboard controls), the key points vibrate
accordingly. If the critical point is selected incorrectly, the click operations will be
incorrect. When the mouse is clicked, the cursor will be moved to another position, so
choosing the key point least affected when performing finger movements is necessary.
The experiment shows that key point number 17 (see location in Figure 1) is less
affected even when performing finger movements, so in our study, we choose key point
number 17.

Controlling the mouse pointer in the corners of the screen without a reasonable
method will not be possible because part of the hand will not be on the screen, and then
the hand will not be recognized. To overcome this situation, we propose a solution that
only detects key point 17 in a rectangle, with each edge receding from the edges of the
frame received from the webcam by about 150 pixels, as shown in Figure 1.

The condition for the mouse pointer to move we choose is when the distance between
the two key points on the tip of the thumb and middle finger is less than o value
(Experimentally, we choose this value to be 30 pixels). The reason for the selection will
be presented in the content of the action of picking and releasing the mouse. Normally,
the mouse pointer will move when the three thumbs, index, and middle fingers are
pinched, as shown in Figure 4.

Figure 4. Mouse pointer movement.

With the obtained x, y position of the key point 17 obtained on the screen, the xloc
and yloc positions of the mouse pointer on the screen are calculated according to the
following formula:

x—offset

wCam—2xoffset’
y—offset
hCam—2xoffset’

xloc = wScr *
yloc = hScr *

Where:
xloc, yloc: The position of the cursor on the screen;
wScr, hScr: The respective width and height of the display screen.

wCam, hCam: The corresponding width and height of the frame obtained from
the webcam.

of fset: The shortened distance from the edges of the frame is obtained; in our case,
this value is equa to 150 pixels.
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2.2.4. Performing left-click, right-click, pick-and-drop, and double-click operations

The left-click operation is activated by calculating the distance between two key
points on the index finger and thumb tips. The mouse down operation is activated when
this distance is less than o value. The mouse up operation is activated when this distance
is greater than o value.

Figure 5. Left mouse button down Figure 6. Left mouse button up operation.
operation.

Similar to left-clicking, right-clicking is enabled by calculating the distance between
two key points on the tip of the thumb and middle finger. The right-click is activated
when this distance is greater than o value. In our experience, a value is also 30 pixels, as
in the case of left-clicking.

Figure 7. Right-click operation. Figure 8. Double click operation.

Double click is done in 2 ways:
- Method 1: Perform 2 times left-click operation.

- Method 2: Move the tips of the index and middle fingers away from the thumb, as
shown in figure 8.

Pick and drop operations are performed when the mouse pointer moves while the left
mouse button is pressed down (Figure 5). When the pick operation is complete, the
release operation is performed when the left mouse button is released (Figure 6). For this
reason, we choose the condition for the mouse pointer to move only when the distance
between the two key points on the tip of the thumb and middle finger is less than o
value, not necessarily all three pinched fingers.
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3. EXPERIMENTAL SIMULATION RESULTS

We perform our experiment on a regular laptop, with a core i7 CPU and, 8Gb Ram
with Windows 10 operating system. Python programming environment, using MediaPipe
library to extract key points of the hands and Autopy library to control a computer
mouse. We perform a series of mouse pointer actions such as moving the cursor, left-
click, right-click, double-click, drag and drop operations and are compared with using
colored tape on the fingertips [7]. The results show that the proposed method has much
higher accuracy, faster processing speed and allows working in real-time. The distance
of the hands to the camera in both cases is 1 metre. The results are shown in Figure 9. In
Figure 9, we see that the correct recognition rate is over 95% for the proposed method in
all actions. In comparison, the color tape method on the finger has a maximum correct
recognition rate of 95% in the case of cursor movement. The accuracy of the proposed
method is greater than the hand tape method by at least 2.5% in case of cursor movement
action and up to 11% in case of drag action.

The correct recognition rate (%)
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Figure 9. The correct recognition rate of mouse pointer actions.
4. CONCLUSION

The proposed method has been shown to be effective in controlling the mouse
pointer, and the basic functions are shown in real-time. We have implemented some
basic operations commonly used by computer mouse such as mouse movement, left-
click, right-click, double-click, and pick-and-drop operation. The recommended method
using key points of the hand extracted from deep learning techniques and Google's
MediaPipe library shows superior performance than the old ways using image
processing. The system is suitable for projection, remote computer control without direct
impact on the computer but only needs to move the hand.

Currently, we have researched to handle some basic keyboard operations (left, right,
up, down), but in the future, we will continue to study to use more keyboard
functionality and better remote desktop control.
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TOM TAT

PIEU KHIEN MAY TINH TRONG CAC HE THONG TUONG TAC NGUOI MAY

Tw

BANG CU DONG CUA BAN TAY

May tinh da tré nén phé bién trong nhitng nam gan ddy. Cdc hinh thirc twong
tdc giita con nguoti voi mdy tinh cang ngdy cang da dang. Viéc diéu khién mady tinh
khong chi thong qua chudt va ban phim ma trong nhiéu truong hop con nguoi can
thlet diéu khién may tinh thong qua ngon ngit va biéu dién ciia co thé. Péi véi mét
S0 nguoi khzem khuyet Vvé co thé thi viéc diéu khién mady tinh théng qua cir déng
ban tay la rdt can thiét givip ho twong tdc véi mdy tinh. Trong linh viec mé phong
ciing cdn cac ung dung tuong tac nay. Bai bao ndy nghién ciru giai phdp xdy dung
hé thong theo déi ban tay va nhédn dang cir chi dé cho phép di chuyén con tré va
hanh ddng twong vmg véi chudt va ban phim. Qua trién khai va danh gia ching t6i
khang dinh hé thong lam viéc 6n dinh, chinh xdc, cé thé diéu khién mdy tinh thay
chuot va ban phim thong thuong.

khéa: Twong tic ngudi-may; Nhan dang cir chi; Ngdn ngir co thé; Cir dong cua ban tay.
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