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Fig. 1 Problems caused by insufficient pipeline inspection & Limitations of conventional inspection methods in
confined and dark spaces with low detection accuracy
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Abstract: Aging urban infrastructure often leads to cracks and damage in underground pipelines, causing
ground subsidence and sinkholes. Conventional inspection methods face limitations in accessibility and
accuracy. This study proposes a robotic system capable of autonomously navigating inside pipelines to detect
defects. The robot employs Mechanum wheels for forward, backward, and in-place rotation, and a spring
mechanism for vertical climbing. Curved sections are traversed through repeated rotations and straight
movements . Key design considerations include wheel alignment, interference minimization, and spring
stiffness. The proposed robot can be applied to various pipeline types, contributing to safer smart
infrastructure management.
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Fig. 2 Various types of Pipe
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BHE o}lFo]x=(Arduino)E °]&
Jate] HEof dR=sigint.

lude <Arduino.h>

sto] Alofstglom,

loop() {

if (Serial.
cmd =
h (cmd) {

DirlPin_/
Dir2Pin_A
Dir3Pin_A
Dir4Pin_/
DirlPin_i
Dir2Pin_i
Dir3Pin_i
Dir4Pin_i
SpeedPin_A
SpeedPin_B
SpeedPin_C
SpeedPin_D

SPEED2
SPEED1
setup() {

DirlPin_A, OUTPUT);
D Dir2Pin_A, OUTPUT);
pinMode(SpeedPin_A, OUTPUT);
Dir3Pin_A, OUTPUT);

yde (SpeedPin_B, OUTPUT);
OUTPUT) ;

Dir2Pin_B, OUTPUT)
SpeedPin_C, OUTPUT);

p ode(Dir3Pin_B, OUTPUT);
pinMode(Dir4Pin_B, OUTPUT);
pinMode(SpeedPin_D, OUTPUT);

Fig. 10 Motor Control Pin Configuration
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st HEE S (loop

o, olul ¥

ne
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ol £ W EF FA4
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Jol A= AR 91

ir2pin_A, LOW);
e(DiraPin_A, LOW);
Wirite(Dir2Pin_B, LOW);
ite(DiraPin B, LOW);

rite(SpeedPin_D,

kward() {

(Dir1Pin A, (Dir2Pin_A, HIGH);

(DirdPin_A, HIGH);

(Dir2Pin B, HIGH);

Low); (DirdPin B, HIGH);
SPEED1);
SPEED1);
SPEED2);
SPEED2);

te(SpeedPin_B,
rite(SpeedPin_C,
te(SpeedPin_D,

ir2Pin A, LOW);
(DirdPin A, HIGH);
(Dir2pin B, HIGH);
e(DirdPin B, LOW);
rite(SpeedPin_A,
rite(peedPin B, S
rite(SpeedPin_C,
e(SpeedPin_D,

(Dir2Pin_A, HIGH);
e(DirdPin_A, LOW);
ir2pin B, LOW);
te(DirdPin B, HIGH);

D, SPEED2);

Fig. 11 Motor Control Code Implementation
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Fig. 21 Object Detection Example (YOLO detecting heart sticker)
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from flask import Flask, Response
from picamera2 import Picamera2
import cv2

app = Flask(__name__)
picam2 = Picamera2()
picam2.start()

def g
while Tru
frame = picam2.capture_array()
ret, buffer = cv2.imencode('.jpg', frame)
if not ret:
continue
jpg_bytes = buffer.tobytes()
yield (b'--frame\r\n'
b'Content-Type: image/jpeg\r\n\r\n' + jpg_bytes + b'\r\n')

@app.route('/video_feed')
def video_ d():
return Response(gen_frames(), mimetype='multipart/x-mixed-replace;

boundary=frame')

if __name_. == “ _main__':
app.run(host='9.0.0.0', port=86808, threaded=True)

Fig. 23 Web Streaming Code
Fig.233} o] gl=w|g] T o]o| A= Pi camera2 g}o]He]g]|E o] &35lo] JiWg} J4S F 53}, OpenCV
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=
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cv2
torch
requests

t numpy as np

model = torch.hub.load('ultralytics/yolov5', 'custom',
path='/Users/wlsdn_/Desktop dHA/DEE/best.pt', force_reload=True)
model.conf = 8.4

STREAM_URL = 'http://172.20.16.2:8080/video_feed'

stream = requests.get(STREAM_URL, stream=
bytes_data = b''
for chunk in stream.iter_content(chunk_size=1024):
bytes_data += chunk
a = bytes_data.find(b'\xff\xd8')
b = bytes_data.find(b'\xff\xd%')
if a d b I= -1:
ipg = bytes_datala:b+2]
bytes_data = bytes_datal[b+2:]
frame = cv2.imdecode(np.frombuffer(jpg, dtype=np.uint8), cv2.IMREAD_COLOR)
results = model(frame)
annotated_frame = results.render()[e]
print(results.xyxy[@]) :
cv2.imshow('YOLO Inference', annotated_frame)
if cv2.waitKey(1) & @xFF == ord('q'):

cv2.destroyAllwindows ()

Fig. 24 Real-Time Inference Code
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Fig. 25 Real-Time Detection Result
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