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[Abstract]

This study introduces a novel real-time immersive game control system that integrates Google MediaPipe with Unreal Engine.
The system enhances accessibility by leveraging standard webcams instead of specialized equipment. A pose estimation module,
based on MediaPipe and LSTM neural networks, recognizes player movements in real-time and interfaces with Unreal Engine to
enable immersive gameplay. Experimental results show an average latency of 338.66 ms and motion recognition accuracy of
89.33%. While these figures suggest room for improvement, they are sufficient for exhibition-style content. This study
demonstrates the feasibility of accessible motion recognition games. The proposed system has potential applications in education,
healthcare, and entertainment. Future research will focus on improving accuracy through deep learning techniques and enabling
personalization via real-time performance optimization.
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Algorithm 1 Pose Estimation Using MediaPipe in Python
Require: Video capture stream ‘cap’ is opened
Ensure: Pose estimation is performed on each frame of the video stream
1: Initialize MediaPipe pose solution with the following parameters:
static_image_mode « False
maodel_complezity « 1
smooth_tandmarks + True
min_detection_confidence + 0.5
min_tracking_confidence - 0.5
2 Initialize ‘pose’  MediaPipe Pose Solution
3 while video capture stream ‘cap is opened do
&

Read a frame from ‘cap', store in ‘frame*
Get dimensions of ‘frame’ as height (h), width (w), channels (c)
(i if not ret then
7 Break the loop
8 end if
8  Convert the image from BGR to RGB color space: image & cvt-
Color(frame, COLOR_BGR2RGB)

100 Set image flags to not writeable for efficiency: image. flags.writeable
False

11: Process the image for pose detection: results ¢ pose.process(image)

122 Set image flags to writeable: image. flags. uriteable « True

13 Convert the image back to BGR color space: image ¢+ cvt-
Color(image, COLOR_RGB2BGR)

14 Extract landmarks from pose detection results: landmarks  re-

sults. pose_tandmarks.landmark
15 end while

33 4. PythonollA MediaPipeE AFESH AHM| £
Fig. 4. Pose estimation using MediaPipe in Python
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Algorithm 2 Pose Estimation Model Training
Require: CSV files for various pose data
Ensure: Trained LSTM model for pose classification
1
2: function TRAINPOSEESTIMATIONMODEL
3 Load the CSV files containing pose data: POSE_NONE,
POSE_GUARD, POSE_ATTACK, POSE_COUNTER,
POSE_UPPERCUT, POSE FINISH.
4 > Prepare Data
5 Initialize empty arrays X and y for storing sequences and labels
6 Set the number of timesteps: no_of timesteps < 20
pose dataset (e.g., none_df, guard df, ... )
T Extract dataset values from all columns except the first

8: for i  no_of_timesteps to n_samples do

o Append sequence of 20 timesteps from dataset to X
10: Append corresponding label to y

11: end for

12:
13 Convert X and y to NumPy arrays

14: > Split Data
15 Split the dataset into training and testing sets: Xirain, Xtests Yerain: Utes
16: > \Iodcl thmmon
17: Initialize a Sequential model

18 Add 4 LSTM ls
LSTM layer
9 Add a Dense layer with 17 units and softmax activation for multi-class

rs with 50 units each and Dropout of 0.2 after each

classification
20: > Compile and Train Model
21:  Compile the model with the Adam optimizer, sparse categorical cross-
entropy loss, and accuracy metric
22: Train the model on Xirain and Yerain, validating on Xiest and yrest, with
100 epochs and a batch size of 32
23: > Save the trained model
24: Save the model as "pose-estimation-model11.h5”

25: end function
a8 5. XAl
Fig. 5. Pose estimation model training
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A 3 Save Extracted Landmark

Require: Initialized video capture object cap and pose/hand processing models

Ensure: Process each frame from video stream to detect pose and hand land-
marks

1
2: function DETECTLANDMARKS
3; while cap.isOpened() do
ret, frame « cap.read() & Capture a frame from video stream
framengn  cv2.cvtColor(frame, cv2.COLOR_BGR2RGB) >
Convert frame to RGB
if —ret then
break
end if
results +— pose.process(framegrcs)
hand._results « hands.process(framenap)
landmarks
if results.pose landmarks then
send_end_time < time.time()
Im + make_landmark_timestep(results)

L

v If the frame is not captured, exit the loop

> Process pose landmarks
> Process hand

Sexae

> If pose landmarks are detected
> Record end time
> Generate landmark
data
Im _list.append(im) > Append landmark data to list
15: end if
end while
: end function

a8 6. ==& Weol3 ME
Fig. 6. Save extracted landmark
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Algorithm 4 Land k D and Pose Cl
Require: Pre-trained pose classification model, list of pose landmarks (Im_list)
Ensure: Predict the current pose based on landmarks

function LANDMARKDETECTIONANDCLASSIFICATION
if len(Im_list) == 20 then o If 20 landmarks are collected
t1 « threading. Thread (target=detect, args=(model, Im list)) >
Start a new thread for detection

L

5: tl.start()

6: Im list.clear() > Clear the landmark list after starting detection
7 end if

8: Initialize empty lists: z_coordinate, y_coordinate

Im € results.pose landmarks.landmark
9: h,w, _ + frame.shape
cz + int(Im.x * w), cy  int(lm.y *
of landmark
Append cz to z_coordinate, and cy to y_coordinate

> Get frame dimensions
h) > Compute x and y coordinates

: end function

: function DETECT(model, Im list)
Convert Im_list to NumPy array
Expand the dimensions

np.expand_dims(Im_list, axis=0)
Predict pose using model: result «— model.predict(lm_list)
if result[0][0] > 0.5 then

label +— NONE, current_pose <— POSE.NONE
else if result[0][1] > 0.5 then

label +~ GUARD, current_pose < POSE.GUARD
else if result[0][5] > 0.5 then

label + ATTACK, current_pose <~ POSE.ATTACK

of  Im.list: Im list ~

25: else if result[0][9] > 0.5 then

26: label <~ COUNTER, current_pose - POSE.COUNTER
27: else if result[0][10] > 0.5 then

28: label +~ UPPERCUT, current_pose <~ POSE.UPPERCUT
29: else if result[0][13] > 0.5 then

30: label « FINISH, current_pose +— POSE.FINISH

31 else

32: label +~ NONE, current_pose < POSE.NONE

3% end if

34: return label

35: end function
OB 7. Eop3 2K 92X 2=
Fig. 7. Landmark detection and pose classification
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Algorithm 5 Serial Communication Example

Require: Serial communication setup and data transmission
Ensure: Data sent over serial port

: Import SERIAL

> Initialize serial communication
: ser < Serial('COMT’, 9600, timeout = 1)

> Encode and send estimated pose data
: estimated_pose < data to be sent

: ser.write(str.encode(estimated_pose))

o U W e

a8 8. X S4l of
Fig. 8. Serial communication example
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A 6 Receive Action Command Function
Require: Listener socket with pending data
Ensure: Process received data and pass commands to game logic
1: function RECEIVEACTIONCOMMAND
2 Size « uint32 > Size of received data
3 ReceivedData + TArrayjuint8; & Array to store received data
4 if ListenerSocket— > HasPendingData(Size) then
i in(Size, 65507u))

Data.SetNumUniniti > Allocate

memory for received data

@

6: Read + 0 > Variable to store bytes read
7 ListenerSocket— > Recv(ReceivedData. GetData(), ReceivedData.Num(), Read)
> Receive data from socket
8 & Convert received data to string
9 ReceivedString « BytesToString(ReceivedData.GetData(), ReceivedData.Num())
10: > Process action command in game logic
11: ProcessActionC d(Recei ing)
12 end if

: end function

. AN EY U |5

Receive action command function
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