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Abstract:  

The basic task of robot job planning is to complete the path selection and sequence of 

actions for the robot from the initial position of the job to the final target position at a 

specific time and within a specific work area. The clean wall surface of the high-rise 

glass curtain wall cleaning robot needs the orderly cooperation and support of multiple 

key functions. The roof protection system is connected to the cleaning robot body by a 

sling, and provides gas source, power supply, and security guarantee for the robot 

body work and realization. The replenishment function of the cleaning liquid ensures 

the normal cleaning operation of the robot body. 
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1. Introduction 

The high-rise glass curtain wall cleaning robot body designed in this paper adopts the 

integrated design of the wall-climbing system and the cleaning system, that is, the 

cleaning of the robot body wall and the cleaning of the glass curtain wall surface at the 

same time. The analysis shows that the cleaning robot body mainly completes the 

longitudinal cleaning operations, changes the workstation horizontally, and crosses the 

horizontal obstacles during the normal cleaning operation. Therefore, the cleaning 

robot body operation planning includes the movement action planning and the 

operation path planning. The motion planning of the cleaning robot is used to select the 

sequence of actions required to complete various subtasks of the cleaning operation 

[1]. The path planning is the planning and scheduling of the cleaning robot to complete 

the cleaning sequence and steps of the entire wall area of the glass curtain wall. The 

reasonable cooperation between the two is the important guarantee for successful 
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completion of cleaning operations. 

 

2. Motion planning of robot body 

The staggered movement of the inner and outer frames is achieved by changing the 

direction of the stepping motor of the vertical drive device in the wall-hanging system. 

The inner and outer frames and the leg cylinders and the sucker set are used to realize 

the alternating movement of the cleaning robot in the vertical direction on the glass 

curtain wall. The cleaning operation of the cleaning robot in two vertical directions is 

achieved. When the cleaning robot completes a longitudinal cleaning working area and 

moves to the next working area, the lateral movement of the cleaning robot in the 

horizontal direction of the glass curtain wall is achieved by the lateral drive device, the 

inner and outer frames, and the leg cylinder and the suction cup set in the wall climbing 

system. Then the cleaning robot to move in the horizontal direction. In the process of 

cleaning the glass curtain wall, the cleaning robot inevitably encounters the obstacles 

of the transverse window frames. The robot senses the surrounding environment 

through the sensors and controls the wall climbing system to make corresponding 

actions, thereby realizing the function of the cleaning robot crossing the horizontal 

barrier.  

 

2.1  Vertical Cleaning Process 

According to design requirements and structure, high-rise glass curtain wall cleaning 

robots can perform cleaning operations in both upward and downward directions. The 

basic actions can be divided into upward cleaning operations and downward cleaning 

operations.  

As is shown in Fig.1, the high-level glass curtain wall cleaning robot cleaning schematic 

diagram on the wall surface upwards, the movement duration is one cycle cycle, in 

which ● indicates that the suction cup is in the adsorption state on the glass curtain 

wall, and ○ indicates that the suction cup is on the glass curtain wall surface. 

 

(a)           (b)              (c)             (d)               (e)              (f) 

Fig. 1 Upward Clean-Out Operation 

The implementation of the upward cleaning function below is described as follows: 
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Fig. 1(a) - The cleaning robot is in the initial state: The 8 leg cylinders on the inner and 

outer frames are all extended, and the 8 suction cup groups are all in the adsorption 

state. 

Fig. 1(b) - The 4 suction cup sets of the outer frame are separated from the glass 

curtain wall surface: The two-way three-way solenoid valves used to control the outer 

frame vacuum generator gas circuit are turned off to close the air circuit and the 

vacuum generator stops working. The outer frame 4 sucker sets are separated from the 

wall surface of the glass curtain, and the pressure switch detects the degree of vacuum 

reaches the upper limit value and feeds back signals to the controller. At this time, the 

two-phase five-way solenoid valve anti-movement coil for controlling the gas path of 

the four-leg cylinder of the outer frame is energized, and the cylinders of the outer 

frame legs begin to retract. Since the double electronic control of the two-position 

five-way solenoid valve has a memory function, it can be turned off after 1-2 seconds 

after the power is applied. At this time, the air path will be maintained until the positive 

solenoid coil of the solenoid valve is energized. 

Fig. 1(c) - Outward movement of the outer frame: When the cylinders of the legs of the 

outer frame are fully retracted, the water pump I and the water pump II in the cleaning 

mechanism's roller brush motor and the washer fluid circulation device start the 

cleaning operation. At the same time, the forward rotation of the stepping motor of the 

vertical driving device drives the slider on the trapezoidal screw to move upwards, and 

the outer frame also moves upwards along with the slider. When the slider touches the 

upper limit switch, the stepping motor of the vertical drive device stops running, and 

the pump I and the pump II in the cleaning liquid circulating device stop the cleaning 

operation. 

Fig. 1(d) - Four suction cup sets of the outer frame adsorb the glass curtain wall surface: 

The two-position five-way solenoid valves for controlling the outer frame's four leg 

cylinders are energized and the outer frame leg cylinders begin to extend. At this time, 

the two-position three-way solenoid valve used to control the external frame vacuum 

generator gas path is energized to make the air path conductive. The vacuum 

generator starts to work and the four suction cup sets Adsorption of glass curtain walls 

due to vacuum. 

Fig. 1(e) - The four suction cup sets of the inner frame are separated from the glass 

curtain wall surface: the four suction cup groups of the outer frame are adsorbed on 

the glass curtain wall. When the pressure switch detects the vacuum level reaching the 

lower limit value, it feeds back signals to the controller. The three-way solenoid valve 

used to control the internal frame vacuum generator gas circuit shuts off the gas circuit 

and the vacuum generator stops working. The four suction cup sets of the inner frame 

leave the glass curtain wall surface due to loss of vacuum, and the pressure switch 
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detects the vacuum degree arrival. When the upper limit value is fed back to the 

controller, the two-phase five-way solenoid valve anti-movement coil for controlling the 

four-leg cylinder air path of the inner frame is energized, and the inner frame leg 

cylinder starts to retract. 

Fig. 1(f) - Inner Frame Upward Movement: When the inner frame's leg cylinder is fully 

retracted, the stepping motor of the longitudinal drive reverses the trapezoidal wire 

rotation to move the inner frame upwards as the slide reaches the limit switch. The 

vertical drive stepper motor stops running and the inner frame stops moving upwards 

[2]. 

As is shown in Fig. 2, the high-rise glass curtain wall cleaning robot is cleaned upward 

on the wall surface. The movement duration is respectively 3 cycles, ● indicates that 

the suction cup is in the adsorption state on the glass curtain wall, and ○ indicates that 

the suction cup is in a disengaged state on the glass curtain wall surface. The blank 

area indicates the area of the glass curtain wall that has been cleaned, and the shaded 

area indicates the glass curtain wall to be cleaned. 

 

Fig. 2 The Cleaning Coverage 

As is shown in Fig. 3, the cleaning robot cleans the work on the wall surface with a 

movement duration of one cycle. 

 

(a)             (b)             (c)             (d)              (e)             (f) 

Fig. 3 Downward Clean-Out Operation 

The operation principle of the cleaning robot downward cleaning operation is similar to 

that of the upward cleaning operation. By changing the alternating sequence of the 
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inner and outer frames and the steering of the stepping motor of the vertical drive 

device, the cleaning robot can perform the downward cleaning operation on the glass 

curtain wall surface. 

 

2.2  Horizontal Transformation of Work Position 

When the high level glass curtain wall cleaning robot completes a longitudinal cleaning 

operation area, through the lateral driving device, the internal and external frame and 

the suction disc group in the wall climbing system, the alternately moving adsorption of 

the cleaning robot in the horizontal direction of the glass curtain wall is realized, and 

then the cleaning robot is moved laterally to make the cleaning robot move to the wall. 

The next longitudinal cleaning operation area. The horizontal displacement diagram of 

the high-rise glass curtain wall cleaning robot is shown in Fig. 4. 

  

(a)           (b)            (c)             (d)              (e)              (f) 

Fig. 4  Transverse Movement 

The horizontal movement of the cleaning robot on the glass curtain wall is similar to 

that of the longitudinal movement. The cleaning robot can climb the wall of the wall of 

the glass curtain wall through the alternating moving adsorption of the internal and 

external frames. But the lateral movement of the robot is powered by a lateral drive. In 

order to improve the efficiency of the robot's lateral movement and avoid interference 

in the transversal movement of the inner and outer frames, the initial position of the 

lateral movement of the robot is shown in Fig. 4 (a). At this time, the self-locking 

characteristic of the trapezoidal screw has restricted the cleaning machine [3]. 

 

3. Path Planning of Robot 

The main working environment of high-rise glass curtain wall cleaning robots is the 

fully enclosed glass curtain wall of high-rise buildings, which has a large work area and 

long working time. Therefore, the self-climbing and cleaning operations of cleaning 

robots are the key to improving the cleaning quality and cleaning efficiency. The path 

planning is the guarantee for safe and efficient autonomous operation of cleaning 

robots. 

According to the structure and movement of the body of the high-rise glass curtain wall 
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cleaning robot in this article, the cleaning robot adopts the reciprocating motion in the 

vertical direction to realize the bidirectional cleaning operation path. The path planning 

is shown in Fig. 6. The cleaning robot body performs cleaning operations along the 

planned path in a straight line to ensure that the main movement direction of the robot 

is the same as the planning direction of the path [4]. After reaching the upper and 

lower boundaries, the station is shifted laterally until the entire area to be cleaned is 

occupied. 

 

Fig. 5 The Path Planning 

 

4. Conclusion 

This paper mainly studies the job planning of high-rise glass curtain wall cleaning 

robots. Combining the operating characteristics and operating environment of the 

cleaning robot, the three movement states of the cleaning robot body during the 

cleaning operation were analyzed. The three movement states were divided into 

longitudinal cleaning operations, lateral shift stations and horizontal obstacles 

respectively. The specific motion process of the motion state is planned, and the 

overlap of the operation path is effectively avoided. 
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