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Implementation of an Autonomous Patrol and Risk Detection
Module based on WebRTC and ROS2 for a Quadruped Robot
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Abstract

This paper implemented a next-generation intelligent autonomous patrol system that can be integrated
in complex and unstructured environments using the four-legged walking robot Unitree GOZ2. This is not
an existing fragmentary module implementation, but an integrated system. First, WebRTC and ROS2 were
integrated to enable low-latency video streaming and remote control within 200 ms. Second, ROS2-based
SLAM and NavZ were used to actively move along designated patrol routes and avoid obstacles to
complete tasks. Third, an object detection model was installed to detect threats (fire, smoke, fallen people,
etc.) in real-time during patrol, and the robot’s location assistance and ArUco marker on the visitor's
recognition table were recognized. Fourth, it is characterized by the construction of message services such
as event occurrence and robot status inquiry using the remote control dashboard function and the Discord
API to have the end-to-end functions required for security-safety scenarios.
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Table 1. Unitree Go2 Edu robot Specification

Item Specifications
70x30x40Cm
. Weight 15 kg
Ph :
ysical Ao WAL 37 m/Sec
Payload 8 ~ 12kg
12 Dof
Joint Max Torque 45N.m
L Body : -48° T 48°
=2 e Thigh : -200° ~ 90°
Shank : -156° ~ 48°
Computing NVIDIA Jetson Orin (optional)
Module (40-100Topscomputing power)
Battery 15000mAh(2™4h)
4D LiDAR : 360790° Ultra wide
angle scanning allows
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cd ~

sudo apt update

sudo apt install python3-pip

sudo apt install portaudiol9-dev

git clong ——recurse-subnodul es https://github, con/|egion!581/a02_webrtc_connect . ait
cd go2_webrtc_connect

pip install -e .
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Fig. 4. Driver installation
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T 7|29 dHolHAlE ol&s HA xA
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a9 7E o) A BES Adst] 9l da
3l 7)1 S Yd3 Ao 2 webrtc_producer
Fo| Rh=A] EghE|ojof g},

[

from flask import Flask, Response, render_template, request, jsonify

from multiprocessing import Queue

from webrtc_producer import start_webrtc, send_command, ensure_normal_mode_once
import threading

from ultralytics import YOLO
import logging

# voLo 29 YURE

®© -~ @ W o

a8l 7. 2=29| of7|X|
Fig. 7. Package of Module

5o Oy 82 ol A BEC T8 3¢
T&d3 ZAolt} Flask 7]uwte] figloz A3

logging.basicConfig(level=logging.INFO)

12 app = Flask(__name_ , template folder='templates')
13 frame gueue = Queue(maxsize=18)
14 command_queue = Queue(maxsize=18)

16 # volo RY 2C

yolo_model = YOLO( "templates/yololin.pt')
8 & WebRTC EQ 4 AZ (HHE FT HE)

LR

19 start_webrtc(frame_gueue, command_gueue)
28
21 > def generate():--

53  @app.route('/video feed")

54 def video_feed():
55 return Response(generate( ),

mimetype="multipart/x-mixed-replace; boundary=frame')
57 @app.route('/")
def index():
return render_template('index.html')
@  (@app.route('/move’, methods=[ 'POST"])

61 def move():

62 data = request.get_json()

63 direction = data.get('direction’)

64 send_command(command_gueue, direction)

65 return jsonify({'status’': 'ok', ‘directien': direction})
66  @app.route('/joystick', methods=["POST ]}

67 » def joystick():--

73 (@app.route('/start_control’, methods=['POST'])

74 > def start_(untrnlg):l‘
77 if __name__ == "_ main_°
78 app.runihost="6.2.0.2", port=5018, debug=False)

J8 8 2= F2 g
Fig. 8. Main function of Module
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21 def generate():
2 last_cetect tine = &

2 last_toxes = []
24 while True:
25 1 not Frane_queue.ampty():

ing = frame_quese.get()
time. tine()
2 yoro F2

results =
last_boves -
for result i

boxes = result.boxes

for box in boxes:
int(box.cls[0]}

=1 = yolo_model .names[cls]
if labe p
X1, y1, X2, y2 = map(int, box.xyxy[e])

last_boxes.append((x1, y1, x2, y2))

last_detect_time = now
#0d o Al
(x1, y1, x2, y2) in last_boxes:
cv2.rectangle (is 1, y1), (x2, y2),

for (xt

(8, 255, @), 2)

cv2.putText(ing, "person”, (xl, yl - 18), cv2.FONT_HERSHEY_SINPLEX, €., (0 2)
ret, jpeg = cv2.imencode('.jpg’, ing)
1f not ret:
a7 continue
3 yield (b'--frame\r\n’
10 b'Content-Type: inage/jpeg\r\n\r\n' + jpeg.tobytes() + b'\r\n')
se else:
51 time.sleep(0.01)

a2l 9. Generate &
Fig. 9. Generate function in module
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ool a9 102 2o AH 58 27
715 AFE-3F7] 9% Discord BotS ©]-&3F v

A Az BEE G Aot

2 1if DISCORD_SINKS_AVAILABLE:

# Discord.py 2.x+ sinks AtE

enhanced_sink = EnhancedWaveSink(self)
voice_client.start_recording(enhanced_sink, self._recording_finished_callback)
print(" ® Discord sinks8 O18% =8 A%y

self.is_recording = True

return True

18 elif AUDIO_LIBS AVATLABLE:
11 # PyAudio TSt AjZ
12 return self,_start_pyaudio_capture()

14 else:
1 print{*X M8 7Hs8 2rie AWy Yo

16 return False

16 except Exception as e:

12 10. Discord HAIX| MH|A T8 FZE
Fig. 10. Discord Message Service Python Code
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o 0S Ubuntu 22.04
ROS ROS 2 Humble
5 517
41 78 B3 Language Python
® Aol B As9e e 23 113 2
o =y EgEs AWSe] AE 94 abizovnuralem/go2_ros2_sdk
=E e YrA .
- - ; ] K legion1581/go2_webrtc_connect
o X o
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