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Abstract

To achieve automatic cleaning of photovoltaic panels and reduce the time-consuming, labor-in-
tensive, and expensive manual dust removal methods, this article designs a control system for a
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micro multi legged photovoltaic mobile cleaning robot. The system uses a Raspberry Pi microcon-
troller as the central module of the controller, supplemented by an ultrasonic sensor module,
power module, communication module, and drive motor module to achieve the cleaning work of
photovoltaic solar panels. At the same time, through software design, the robot is endowed with
the functions of automatic obstacle avoidance and target tracking to assist in completing the
cleaning work of photovoltaic solar panels, achieving the function of automatic cleaning. Users can
also manually control the robot for cleaning operations through bluetooth connection. The physi-
cal test results show that the python based micro multi legged photovoltaic mobile cleaning robot
described in this article has a series of operation functions such as tracking, obstacle avoidance,
recognition, and grasping, and has certain application prospects in photovoltaic panel cleaning.
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Figure 1. Simulated car operation scenario
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Figure 2. Overall design flow chart
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Figure 3. Microcontroller power module
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Figure 4. Microcontroller minimum system
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Figure 6. System program flowchart
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Figure 7. Module pin diagram
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distance_data.append(dist)
data = pd.DataFrame(distance_data)
data_ = data.copy()
u=data_mean() # iHEIMH
std = data_.std() # il bRUEE
data_c = data[np.abs(data - u) <= std]
distance = data_c.mean()[0]
if len(distance_data) == 5:
distance_data.remove(distance_data[0])
if __isRunning:
if speed = old_speed: # [FIFE I EE R E—IK
old_speed = speed
chassis.set_velocity(speed,90,0)
if distance <= Threshold: # F3il 2 75128 21 5 55 B {E
if turn:
turn = False
forward = True
stopMotor = True
chassis.set_velocity(0,90,-0.5)
time.sleep(0.5)
else:
if forward:
turn = True
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forward = False

stopMotor = True

chassis.set_velocity(speed,90,0)

else:

if stopMotor:

stopMotor = False

chassis.set_velocity(0,0,0) # < A& HLHL

turn = True

forward = True

time.sleep(0.03)

returncv2.putText(img,"Dist:%.1fcm"%distance,(30,480-30),cv2.FONT_HERSHEY_SIMPLEX, 1.2, Text-

Color, 2) # HHE 75 I BEAE 4T B0 AE i 17 L
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if area_max > 1000: # A FH A H

(center_x,center_y),radius= cv2.minEnclosingCircle(areaMaxContour) # 35HU % /N oM % [

center_x = int(Misc.map(center_x, 0, size[0], 0, img_w))

center_y = int(Misc.map(center_y, 0, size[1], 0, img_h))

radius = int(Misc.map(radius, 0, size[0], 0, img_w))

if radius > 100:

return img

rect = cv2.minAreaRect(areaMaxContour)

boxnp.int0(cv2.boxPoints(rect))

cv2.circle(img,(int(center_x),int(center_y)),int(radius),range_rgb[detect_color], 2)

if __isRunning: # K2 75 I 8 By

if enableWheel == True:#f I & 5 I J5 4 £ B fi; enableWheel = True, yFT J& % £ IR

Motor_ = True

if abs(center_x - img_w/2.0) < 15: # F£ahilEE LN, MR )

about_pid.SetPoint = center_x

else:

about_pid.SetPoint = img_w/2.0 # %€

about_pid.update(center_x) # 4

x_speed = -int(about_pid.output) # FKHX PID i HiE

x_speed = -100 if x_speed < -100 else x_speed

x_speed =100 if x_speed > 100 else x_speed

if abs(center_y - img_h/2.0) < 10: # FahIRRL LN, WIATE B

go_pid.SetPoint = center_y

else:
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go_pid.SetPoint = img_h/2.0

go_pid.update(center_y)
y_speed = int(go_pid.output)# FKHX PID % i &
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Figure 8. Robot boot status
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Figure 9. Robot action addition and debugging interface
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Figure 10. Robot tracking
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Figure 11. Robot control interface
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