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Abstract

To meet the requirements of terrain and stability for outdoor sewage outlet tracking recognition,
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this paper proposes a control system design of a Python based intelligent quadruped tracking
recognition robot. The system described in this article mainly includes hardware and software
systems. The hardware system uses Raspberry Pi 4B as the main control chip, supplemented by
power circuits, walking circuits, wireless transceiver circuits, and nested module control circuits
to achieve control of quadruped robots; The software system utilizes PID algorithm to control the
program to ensure the stability and good feedback of the quadruped robot during walking; Fur-
thermore, based on the acquisition of external signals by the camera, visual tracking algorithms
are used to achieve image acquisition and processing, thereby achieving functions such as track-
ing and object recognition. On the basis of completing the software and hardware design of the
system in this article, physical testing was conducted on the system. The test results showed that
the intelligent quadruped tracking recognition robot control system proposed in this article has
functions such as multi-directional control, route tracking, object recognition and tracking. This
has good application prospects in tracking and identifying outdoor sewage outlets.
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Figure 1. System composition framework diagram
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Figure 2. Power module schematic diagram
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Figure 3. Camera control circuit
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Figure 4. Control servo circuit
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Figure 5. Structure of quadruped robot
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4.1.

4.2.

%Y PID #&HI4K 7

PID R4 AEMME, TR NRGEMASE r()H uk) B, WA LAY
Pout=Kp*e(t) + Ki*Sum[e(t)] + Kd*[e(t) - e(t-1)#hrdk ELHE T AR
def PID_Controller_Direct_Mem(standard_out,t):

global time_sample, Kp, Ki, Kd, error_bef, real_out_ajust

if t > time_sample:

print("*Time Out! Quit!")

return -1

error_now = real_out_ajust[t] - standard_out
error_bef.append(error_now) #ic. 3% 1 Frf (iR 2

integrate_res = np.sum(error_bef)

Diffirent_res = error_now - error_bef[t-1]

return Kp*error_now + Ki*integrate_res + Kd*Diffirent_res#iR [a]i# %

MR EERERF
PEIL VLR RS PT RAE B R 4 /), R8I AR P B N K P I, Fe kAT — Ak, B,

MK SRR R 5 B MR R e S, A9 B IERR 1) EBR 2 . TR EE #IRk 3 BodkAT b B, i —
BRI A ZRAE ATk, IF HoAs At i, HIX =AN AORIE IR R R IX 2628, FIFH A0 f R T 1 2k
[12] [13].

global line_cv_ok, line_weight, line_weight_sum, line_deflection_angle #3XHU: EI15 K/
if up_x is not None and center_x is not None and down_x is not None and line_cv_ok is False:
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centroid_sum = up_x * line_weight[0] + center_x * line_weight[1] + down_x * line_weight[2]
center_pos = (centroid_sum / line_weight_sum)#3k t =4 S ANACT- 45 X

deflection_angle = math.atan((center_pos - (img_w/ 2)) / (img_h/ 2)) # K HINE
line_deflection_angle= -math.degrees(deflection_angle) #%% # i% ff /&

line_cv_ok = True

4.3. Bi&IRF SIRFERRF

ERG AR E EIE R, B R. G B ZRERFRERA, Hp RAERLE. G UK
ots, BRAKEA. RAE, G/rE, BAoENIUE FIRK 255, TR 0. Ry G, B =AMEALLAKRE
W—MEER S HGE, BRI — MR R R R AL St i =AU 1) B 2 Y
FIT LA I o A5 3R U B R AT 15 1 A B 5 4 JERH N AR AR ol T DA B A B PR I RAOR o 4 AR 5 SR XS
BRSBTS, RESURIX MR R SRR R SRR B A BRI AT [14]

# JA B A EAEIB AT 2R

th2 = threading.Thread(target=run_action)

th2.setDaemon(True)

th2.start()

# ERI U

color_dist = {red": {'Lower". np.array([0, 60, 60]), 'Upper": np.array([6, 255, 255])},

‘blue”: {'Lower'": np.array([100, 80, 46]), 'Upper": np.array([124, 255, 255])},

‘green’: {'Lower": np.array([35, 43, 46]), 'Upper": np.array([77, 255, 255])},}

#PS T HSV Y[, H & 0-360, S & 0-1, V(B)& 0-1

# opencv H1[ HSV i, H /& 0-180, S A& 0-255, V & 0-255

# HHPit 48,112,216

# U PS Hh H [IMERRLL 2, S I 255, V3¢ 255, W] LLASFXT MK opencv [ HSV 1

# cyan_rect = {'Lower": np.array([18, 72, 186]),

# 'Upper": np.array([78, 142, 246])}

cv_continue(0, 0)

SSR.running_action_group('0', 1)

while True:

if orgFrame is not None and get_image_ok:

t1 = cv2.getTickCount()

frame = cv2.flip(orgFrame, 1)

min_frame = cv2.resize(frame, (160, 120), interpolation=cv2.INTER_LINEAR)

img_h, img_w = min_frame.shape[:2]

img_center x =img_w/?2

img_center_ y=1img_h/2

# print(img_center_x, img_center_y)

# e TR

gs_frame = cv2.GaussianBlur(min_frame, (5, 5), 0)

# Rt A ]
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hsv = cv2.cvtColor(gs_frame, cv2.COLOR_BGR2HSV)# #x#kEith

mask = cv2.inRange(hsv, color_dist['green]['Lower], color_dist['green’]['Upper)# J& ik

mask = cv2.erode(mask, None, iterations=2)# [k

kernel = np.ones((5, 5), np.uint8)

mask = cv2.dilate(mask, kernel, iterations=2)# A R%E 5L

# cv2.imshow('mask’, mask)

cnts = cv2.findContours(mask.copy(), cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_SIMPLE)[-2]

center = None

if len(cnts) > 0:

¢ = max(cnts, key=cv2.contourArea)

# R E/NMER JE SRR x Yy AR
((x, y), radius) = cv2.minEnclosingCircle(c)

ifradius>=7: #

cv2.circle(frame, (int(x * 3), int(y * 3)), int(radius * 3), (0, 0, 255), 2)
cv2.circle(frame, (int(x * 3), int(y * 3)), 5, (0, 0, 255), -1)

# print(x, y, radius)# FKHUINER x Gl B

ball_x = int(x)# FKEC/NER}:42

ball_size = int(radius)# & ZARFF sUAL B

turn_Ir_pid.SetPoint = img_center_x# ¥ x dhAL &

turn_Ir_pid.update(ball_x)# pid %

turn_out_pwm = turn_Ir_pid.output# #&7#Y

turn_out_pwm = int(turn_out_pwm)

if turn_out_pwm > 500:

turn_out_pwm =500

elif turn_out_pwm < -500:

turn_out_pwm = -500

HH A R R

go_pid.SetPoint = 28

go_pid.update(60 - ball_size) # /NER#x K F4% 60

move_back_pwm = go_pid.output

move_back_pwm = -int(move_back pwm)

if move_back_pwm > 500:

move_back_pwm = 500

elif move_back_pwm < -500:

move_back_pwm = -500

# print turn_out_pwm

# print move_back_pwm

# print 'ball’, ball_size

dis_ok = True

# WEERF AN E
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# 24 Ky, B, &, it g
cv2.namedWindow("ball_track", cv2.WINDOW_AUTOSIZE)
cv2.imshow('ball_track’, frame)

cv2.waitKey(1)

get_image_ok = False

t2 = cv2.getTickCount()

time_r = (t2 - t1) / cv2.getTickFrequency() * 1000

# print("%sms" % time_r)

else:

time.sleep(0.01)
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Figure 7. Display of line patrol function
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