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Abstract. In the context of the rapid development of intelligent robot interaction
technology, traditional remote-control methods have problems such as complex
operation and poor interactivity. This study proposes a gesture-controlled
Mecanum wheel car design based on the Mediapipe framework. Mediapipe is
used to capture the key points of the hand in real time, and gesture recognition is
performed by comparing the coordinates of the key points to achieve six
command controls such as forward, backward, and in-place turning. A computer
camera is used to capture images and perform gesture recognition, a Wi-Fi
module is used to communicate with the car, and an ESP32 microcontroller is
used to build the car's main control system and motor drive circuit. The test
results show that the system can accurately recognize gesture commands within
the same Wi-Fi range, the car responds quickly and can flexibly complete
omnidirectional movement. The research results provide an intuitive and natural
solution for human-computer interaction of intelligent cars and have application
potential in scenarios such as robot control and educational demonstrations.

Keywords: Mecanum-wheeled car; gesture recognition; Mediapipe; contactless
control.

1 Introduction

The concept of human-computer interaction has been around since the birth of comput-
ers, and its development trajectory has closely followed the iterative evolution of com-
puter technology. From the early punched paper tape to the command line interaction,
to the graphical user interface interaction that occupies the mainstream position today,
human-computer interaction has the significant characteristics of direct control and
what you see is what you get. In the traditional interaction mode, computers are in a
core dominant position, and people mainly use devices such as buttons, mice and key-
boards to complete interactive operations. However, these interaction methods have
certain usage thresholds and require humans to adapt to the machine operation logic,
which is essentially different from the natural communication methods that humans are
accustomed to [1]. Thanks to the development of human-computer interaction technol-
ogy and the promotion of the "people-centered" concept, more and more products have
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begun to start from user needs and incorporate operating comfort into core design con-
siderations, aiming to create an interactive experience that is more in line with human
behavior habits.

As an important and basic form of non-verbal communication, gestures have quickly
become a research hotspot in the field of human-computer interaction due to their nat-
ural intuitiveness and naturalness [2]. By capturing the motion information of hands
and fingers through digital image processing technology or sensing the actual motion
trajectory with the help of sensors, gestures are converted into machine-recognizable
operation instructions. Gesture interaction breaks through the limitations of traditional
interaction methods and makes the interaction between people and machines return to
nature. In order to give full play to the application potential of gestures in human-com-
puter interaction, it is necessary to extract gesture features and analyze the interaction
logic and use gesture recognition technology to build an accurate and efficient control
system.

Currently, gesture recognition technology is divided into traditional digital image
processing methods and deep learning methods. Gesture recognition technology based
on traditional methods relies on image segmentation, region selection, morphological
processing, etc., and uses convexity defects for gesture recognition. It has low compu-
ting power requirements, but the feature extraction effect is poor when there is a lot of
background noise in the image [3]. The gesture recognition method based on deep
learning uses convolutional neural networks for feature extraction, which has high ac-
curacy and strong robustness. It can adapt to various background environments and has
achieved good results in the field of gesture recognition. Therefore, methods based on
deep learning are widely used [4].

The birth of the Mecanum wheel is similar to the development trend of human-com-
puter interaction. The Mecanum wheel is an omnidirectional mobile wheel with multi-
ple sets of centrally symmetrical oblique rollers installed on its rim. By controlling the
force direction of the oblique rollers on different wheels, the resultant force vectors of
the four wheels can be freely superimposed on the plane to synthesize the moving force
in any direction. Therefore, the car equipped with the Mecanum wheel can achieve
forward and backward, left and right, oblique movement and rotation in place, and has
three degrees of freedom in the plane [5]. Compared with the differential drive or
tracked structure used in traditional cars, the omnidirectional mobility of the Mecanum
wheel realizes the transformation from "mechanically constrained movement" to "nat-
ural and flexible movement", which is similar to the evolution of human-computer in-
teraction from traditional device operation to gesture interaction, and both reflect the
"people-centered" design concept.

Based on this, this paper proposes a design of a Mecanum wheel car based on gesture
recognition control. When the Mecanum wheel car is controlled by gesture recognition
technology, the user can achieve omnidirectional movement and precise positioning of
the car with simple gesture commands, which not only significantly improves the con-
venience and intuitiveness of control but also extends the naturalness of human-com-
puter interaction to the field of object operation. It is a practice of the "people-centered"
design concept in the field of robot control.
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The research is mainly divided into two parts: the design of the Mecanum wheel car
and the implementation of gesture recognition. In terms of gesture control, the simplest
and most intuitive gesture is 012345, as shown in Figure 1. Considering the left and
right hands, a total of 36 different commands can be issued. In the design, six independ-
ent gestures are selected, namely 1, 2, 3 for the left hand and 1, 2, 3 for the right hand,
corresponding to moving forward, translating to the left, rotating clockwise, moving
backward, moving right, and rotating counterclockwise, respectively. The remaining
idle gesture combinations can add commands according to actual conditions.

Fig. 1. Left and right hand 0-5 gestures.

2 Mecanum-wheeled Vehicle Design

This article introduces the design idea of the Mecanum wheel car. The car uses four
Mecanum wheels and is equipped with four motors of the same model. The four
Mecanum wheels adopt a symmetrical X-shaped layout. The four wheels are distributed
in a rectangular shape. The rollers are tilted 45°, and the tilting direction is symmetrical
[6]. Relative to the center of the car, the roller of the left front wheel tilts outward (from
upper left to lower right), the roller of the right front wheel tilts inward (from upper
right to lower left), the roller of the left rear wheel tilts inward (from lower left to upper
right), and the roller of the right rear wheel tilts outward (from lower right to upper
left). The ESP32 motherboard and Wi-Fi module are installed on the car. The Wi-Fi
module receives the gesture recognition instructions from the computer and controls
the motor drive through the ESP32 motherboard. At the same time, a lithium battery
box is installed to power the motherboard.

The Mecanum wheel consists of several key components, including two side support
frames, a central shaft, an oblique roller, long and short single-head bolts, and anti-
loosening nuts [7]. The central shaft connects the two side support frames and the motor
drive shaft. Considering the metal strength, it is made of medium carbon steel. The two
support frames are used to fix eight sets of oblique rollers. Since sheet metal processing
is required, they are made of aluminum. The long single-head bolt is used to fix the two
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support frames. Only one end is processed with threads for connecting nuts. The other
end is designed with a hexagonal head for easy tightening of tools. The middle screw
part is smooth and has no threads, which plays a supporting and positioning role. The
short single-head bolt is used as the roller of the roller. Considering the need for wear
resistance, stainless steel is used as the material. Since the Mecanum wheel car must
vibrate frequently during the driving process, the nut of the fixing bolt needs to use an
anti-loosening nut. A nylon ring is embedded at one end of the inner hole of the nut.
The inner diameter of the nylon ring is smaller than the outer diameter of the thread.
When tightened, the nylon ring is squeezed and deformed, and a radial clamping force
is generated on the bolt thread, which can prevent the Mecanum wheel structure from
loosening due to vibration. The roller is the core component of the Mecanum wheel
drive, which needs to balance elasticity and friction coefficient. Polyurethane is se-
lected as the material, which has excellent elasticity and wear resistance. Although the
strength is relatively low, the central stainless-steel screw improves the overall stiffness
to meet the load requirements.

The frame is made of two layers of aluminum plates. The lower plate fixes four
motors and a transmission shaft. A motor groove is set on the plate. One end of the
transmission shaft is connected to the motor, and the other end is connected to the cen-
tral axis of the Mecanum wheel. The outer dimensions of the upper plate are the same
as those of the lower plate. There are multiple threaded through holes designed on the
plate to fix the embedded motherboard and battery box. Both plates have multiple open-
ings to facilitate the motor wires to pass through the plate and connect to the mother-
board. The overall structure adopts a symmetrical design to weaken the directionality.
Each of the four Mecanum wheels can be independently controlled by the motor. Both
in appearance and function, it meets the characteristics of omnidirectional movement.
The four sides of the frame adopt arc profiles and protrude from the wheels to prevent
the Mecanum wheel from being damaged by impact. The upper and lower plates are
connected and fixed with 8 pairs of bolts and nuts, which are distributed around the
frame for fastening. The modeling was carried out using Autodesk Fusion software, as
shown in Figure 2.

Fig. 2. Mecanum-wheeled car
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3 Gesture Recognition Algorithm Design

In terms of software, in order to control the car through gestures, it is necessary to
implement the writing of the following two module codes: positioning and tracking the
position of human hands and performing gesture recognition and controlling the direc-
tion and speed of the four motors based on the results of gesture recognition.

This study focuses on the gesture recognition part. Regarding gesture recognition, it
is divided into five steps: real-time image capture, hand detection, left and right-hand
judgment, outstretched finger index detection, and image display, as shown in Figure
3. Considering the recognition speed and accuracy, this paper adopts the hand detection
solution based on OpenCV provided by Mediapipe to detect 21 hand key points, num-
bered 0 to 20, as shown in Figure 4. First, process the image transmitted by the camera
and flip the image horizontally to make the video more in line with the habit of selfie.
Then get the height (h), width (w) and number of channels (c) of the image for subse-
quent coordinate conversion. Since OpenCV uses the BGR color space by default and
Mediapipe uses RGB, the image must be converted from BGR to RGB [8]. Then detect
whether there is a hand in the image. If at least one hand is detected, enter the loop
processing. At this time, read the hand key points recognized by Mediapipe, and draw
the key points and hand skeleton on the original image. Traverse each detected hand,
access the key point data synchronously through the subscript, and obtain the confi-
dence score of the hand being the left/right hand. Only when the confidence is greater
than or equal to 0.8 will the processing continue. Traverse all the key points of the hand
and convert the relative coordinates [0, 1] to the actual pixel coordinates (x, y) in the
image. Then count the number of fingers of the specified hand that are open. As shown
in Figure 4, the IDs of the key points at the end of the five fingers are: thumb: 4; index
finger: 8; middle finger: 12; ring finger: 16; little finger: 20. For each finger, the relative
position of the fingertip (tip 1) (i=4, 8, 12, 16, 20) and the node (tip i-2) one joint below
the fingertip can be used to determine whether the finger is straight. For the thumb, the
thumb is open horizontally, and the x coordinate is used to judge that when the left hand
is open, the x coordinate of the fingertip is greater than the coordinate of the root of the
finger, and the right hand is the opposite. For the index finger to the little finger, they
are open vertically, and the y coordinate is used to judge that if the y coordinate of the
fingertip is less than the root (the origin of the image is in the upper left corner, x is
positive to the right, and y is positive downward), it means that the finger is open. Com-
pare each finger one by one and finally accumulate the number of fingers extended as
the operation gesture. The gesture numbers are drawn on the computer screen and trans-
mitted to the car mainboard through the WiFi module. In order to avoid the car's motion
response lag caused by different gestures at adjacent moments, it is set to send gesture
control commands to the car every 2 seconds.
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Fig. 4. 21 key points of the hand provided by Mediapipe

Regarding motor control, it is necessary to set up a combined action module for four
Mecanum wheels. When moving forward and backward, all wheels rotate in the same
direction at the same speed. The oblique force generated by each wheel can be decom-
posed into forward and backward components and left and right components. Because
the layout of the four wheels is symmetrical, the left and right components cancel each
other out, leaving only the forward or backward components to be superimposed,
thereby achieving forward or backward movement. When translating to the left, the left
front wheel turns forward, the right front wheel turns backward, the left rear wheel turns
backward, and the right rear wheel turns forward. Under this rotation combination, the
left component of the oblique force generated by all wheels will be superimposed, while
the forward and backward components will cancel each other out. The effect of the
superposition of all wheel forces is a left-facing resultant force. Similarly, when trans-
lating to the right, the left front wheel turns backward, the right front wheel turns for-
ward, the left rear wheel turns forward, and the right rear wheel turns backward. When
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rotating clockwise in place, the left front wheel and the left rear wheel turn backward,
and the right front wheel and the rear wheel turn forward. When rotating counterclock-
wise in place, the left front wheel and the left rear wheel turn forward, and the right
front wheel and the right rear wheel turn backward [9]. When the wheels rotate in this
combination, a torque around the center of the vehicle is generated, driving the car to
rotate in place. When moving diagonally, by adjusting the speed and direction of each
wheel, the resultant force in any direction can be synthesized, thereby achieving
straight-line movement at any angle [10].

4 Experiments and Results

As shown in Figure 5, the processing results of left hand gestures 1-5 and right hand
gestures 1-5 are presented. The red dots in the figure are the key points of the hand
obtained by image processing, the white lines are the skeletons connecting the key
points, the green numbers on the upper left are the left hand gesture numbers, and the
blue numbers on the upper right are the right hand gesture numbers.

Fig. 5. The recognition results of left and right hand gestures 1-5

After repeated tests, the accuracy of gesture recognition is relatively high, and the
program can provide real-time feedback. Even when the hand image and the facial im-
age partially overlap and the skin color is almost the same, the program can still cor-
rectly recognize the gesture. It has strong robustness and precise feature distinction ca-
pabilities and is reliable in real complex environments.

The assembled car is shown in Figure 6. When the car and the computer are con-
nected to the same Wi-Fi network environment, the left-hand gesture 123 and the right-
hand gesture 123 are input in sequence. Observation indicates that the car can accu-
rately execute the preset action instructions, including moving forward, translating to
the left, rotating clockwise, moving backward, moving right, and rotating counterclock-
wise. The system is set to transmit instructions every 2 seconds. During the test, when
the gesture signal is sent, the car responds quickly, with a delay of no more than 200
milliseconds, and the action execution has a high real-time performance.
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Fig. 6. The assembled Mecanum-wheeled car

5 Limitations and Future Outlooks

In the study of gesture recognition, this study uses the method of key point coordinate
comparison to determine the finger extension state. Experimental results show that this
method can accurately recognize natural upward or oblique upward gestures, but when
the gesture appears in the image frame with a downward posture, it will cause judgment
errors because the coordinate system is difficult to effectively distinguish the spatial
front and back relationship. Based on this, subsequent research intends to introduce a
vector representation method, and the finger end joint point (tip i) (i=4, 8, 12, 16, 20)
and the node (tip i-2) separated by one joint constitute the finger feature vector. At the
same time, a reference vector is added. The reference vector is composed of the node
at the base of the palm (tip 0) and the node (tip i-3) separated by two joints from the
fingertip. By calculating the angle between the two vectors, the finger extension state
can be more accurately determined.

In addition, during the gesture recognition system testing phase, experiments on im-
age occlusion scenes showed that although the Mediapipe model can achieve accurate
segmentation of the hand and facial areas, when the hand signs of both hands overlap
in a large area in front and back, the system can only complete the detection and posi-
tioning of a single hand [11]. This recognition result deviates from the preset require-
ment of simultaneous perception of both hands. Since a gesture instruction set based on
two-handed collaboration was not constructed in this study, the current recognition er-
ror does not affect the core research objectives. However, this phenomenon has poten-
tial constraints on the construction of expanded multi-gesture instructions. In the future,
multiple cameras or depth cameras installed at other angles can be introduced to obtain
three-dimensional information of the scene, and a three-dimensional model of the hand
can be constructed through a stereoscopic vision algorithm. In this way, even if the
hands overlap on the two-dimensional plane, the position and posture of the hands can
be distinguished from the three-dimensional space, thereby achieving accurate recog-
nition of the hands under front and back occlusion.
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6 Conclusion

This study successfully designed and implemented a gesture recognition remote-con-
trolled Mecanum wheel car system based on Mediapipe. Through real-time capture and
analysis of human hand joints by Mediapipe, gestures are converted into control com-
mands, and the Mecanum wheel car is accurately driven to complete forward, back-
ward, left and right translation, and rotation in situ. The experimental results show that
the system can effectively recognize left and right-hand gestures 123, and the car re-
sponds quickly, which effectively verifies the feasibility of combining gestures with
Mecanum wheels for human-computer interaction control.

This study also expands the application scenarios of Mediapipe in the field of intel-
ligent control and provides a new engineering implementation case for human-com-
puter interaction technology based on computer vision. The system simplifies the tra-
ditional remote control operation process and realizes intuitive and convenient non-
contact control. It can be applied to robot control, education and teaching and other
scenarios.

However, this study still has some limitations. The gesture recognition process re-
quires the gesture to be in a natural upward state, which has certain posture constraints;
and the system relies on the Mediapipe pre-trained model for two-dimensional image
processing. Without adding additional input information, it is difficult to effectively
recognize the gesture features of the scene where both hands overlap front and back; in
addition, the current system only implements basic one-hand gesture control, and the
recognition and processing of complex combination commands has not yet been per-
fected.

To address the limitations mentioned above, future research can be carried out from
three aspects: first, optimize the gesture recognition algorithm and use the directionality
of the vector to solve the posture constraints on the hands; second, introduce multi-
modal sensor fusion technology, such as combining depth cameras to collect depth in-
formation, and enhance the system's judgment of overlapping hand scenes; third, ex-
pand the gesture control instruction library to achieve more complex and diversified
gesture operations, and promote the construction of a more natural and convenient ges-
ture control system.
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source, provide a link to the Creative Commons license and indicate if changes were made.
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