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Abstract

This project 1s dedicated to developing an "Vision-Based Human-Robot Interaction
Interface," aiming to enhance the intuitiveness and practicality of human-robot
collaboration. The system's core objective is to construct a fully operational mode capable
of real-time perception and analysis of user behavior, thereby triggering interactive
functions in humanoid robots.

This system deeply integrates multiple advanced technologies to achieve precise capture of
user behavior and emotional perception:

e Multi-Target Human Detection and Tracking:The system employs theYOLOy8-
posemodel for high-efficiency human detection, and its detected bounding boxes
are fed into theDeepSORTtracking algorithm. This combination ensures stable
tracking and 1dentity recognition of multiple users (track IDs) across continuous
video frames, effectively reducing false positives and mitigating the impact of
temporary occlusions, thereby enhancing tracking robustness.

o High-Precision Gesture Recognition:For interactive gestures such as waving, this
system develops a customized waving detection algorithm based on the keypoint
coordinate sequences provided byMediaPipe Hand. This algorithm analyzes the
periodic motion of hand keypoint trajectories in the horizontal direction and sets
pixel displacement thresholds (e.g., 50-100 pixels) and a 1-2 second sliding
window. Combined with multi-layer filtering mechanisms, it ensures high-
precision gesture recognition.

o Facial Emotion Recognition:Addressing the limitations of existing models (e.g.,
DeepFace) in specific application scenarios, this project opts to utilizeMediaPipe
Face Meshtechnology. To this end, we specifically built and trained a customized
facial dataset, significantly improving the accuracy of emotion recognition
(including happy, neutral, surprised, etc.) in complex environments. This was

rigorously evaluated using metrics such as precision, recall, and F1-score.

o High-Efficiency Data Stream and Robot Collaboration:The system design
considers the demands of real-time interaction. After image processing, the
analyzed ROI (Region of Interest) data is precisely cropped and converted into text
messages for transmission, significantly reducing latency. This optimized data then
drives the robot, enabling interactive functions such as "skeleton following user
movement," ensuring natural synchronization between robot actions and user
behavior.

Keywords:
Human-Robot Interaction Interface, Vision-Based Recognition, Human-Robot Interaction,

YOLOvV8-pose, DeepSORT, MediaPipe, Gesture Recognition, Emotion Recognition,
Object Tracking, Skeleton Tracking, Keypoint Trajectory, Real-time Interaction.
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[8 rows x 936 columns]

x2 y2 x3 y3 x4 y4 x5 y5 x6 ... y463 x464 yd64 x465 yd465 x466 yd66 x467 yd67 x46
381 241 383 225 382 229 379 288 384 220 384 ... 228 398 194 196 3 197 422 194
383 241 386 226 384 230 381 208 386 221 386 ... 228 399 194 396 196 395 197 423 194 425 192}
384 241 387 226 385 23@ 383 208 387 221 388 ... 228 408 194 397 196 395 197 423 194 426 192
385 241 388 226 386 230 384 288 389 221 389 ... 228 401 194 398 195 396 197 424 194 427 192
386 241 389 226 387 230 384 208 389 221 389 ... 228 401 194 398 195 397 196 424 193 427 192

BPUNE®

16504 415 260 414 236 412 248 402 215 413 228 41l
16506 416 270 415 238 412 250 403 216 414 230 412 ... 245 417 196 415 199 414 200 445 190 448 184

16597 415 278 415 238 412 249 403 216 414 230 412 ... 245 417 196 415 199 414 200 445 191 448 185
16598 416 27@ 416 239 413 250 484 217 415 231 413 ... 245 418 197 416 2080 415 201 446 192 450  18g)

[16599 rows x 936 columns]
happy

1 happy

2 happy

3 happy

4 happy

16594 surprised

16595 surprised

16596 surprised

16597 surprised

16598 surprised

Name: Class, Length: 16599, dtype: object

/opt/anaconda3/envs/MediaPipe/1ib/python3. 18/site-packages/sklearn/linear_model/_logistic.py:470: ConvergenceWarning: lbfgs failed
to converge after 188 iteration(s) (status=1):

STOP: TOTAL ND. OF ITERATIONS REACHED LIMIT

Increase the number of iterations to improve the convergence (max_iter=108).
You might also want to scale the data as shown in:
https://scikit-learn.org/stable/modules/preprocessing. html
Please also refer to the documentation for alternative solver options:
https://scikit-learn.org/stable/modules/linear_model.html#logistic-regression
n_iter_i = _check_optimize_result(

['neutral' 'surprised' ‘neutral' ... 'happy' 'neutral' 'neutral']

Model Report: precision recall fl-score support
happy 0.88 0.88 0.88 682
neutral 0.94 0.96 0.95 2059
surprised 0.98 9.92 0.9 579
accuracy 08.94 3320
macro avg 8.93 @.92 8.93 3320
weighted avg 0.94 8.94 .94 3320

REE BRI

k) Emotion Detection
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