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PIPELINE ROBOT, PIPELINE VIDEO-SIGNAL ACQUISITION AND 

TRANSMISSION DEVICE AND PIPELINE DETECTION SYSTEM AND METHOD 

 

BACKGROUND  

Technical Field 

[0001] The invention belongs to the field of detection of pipelines such as sewage 

pipelines, rainwater pipelines, petroleum pipelines and fuel gas pipelines, and 

specifically relates to a pipeline robot, a pipeline video signal acquisition and 

transmission device, and a pipeline detection system and method. 

Description of Related Art 

[0002] In order to dredge and repair municipal drainage underground drainage 

pipelines, agricultural water underground drainage pipelines, industrial water 

underground drainage pipelines, tap water underground drainage pipelines and other 

underground pipelines, the internal conditions of the drainage pipelines, such as pipeline 

dislocation, buried wellheads and leakage of the drainage pipelines need to be 

understood. 

[0003] At present, a pipeline robot detection system in the field of underground 

pipeline detection is relatively heavy in equipment and complex in structural 

composition, and comprises a crawler, a lens, a cable reel, a 5-meter connection cable 

and an acquisition control host. The lens adopts a low-resolution analog camera, images 

acquired by the acquisition control host are analog images with poor quality, and thus 

the fine interpretation and detection of the pipelines and the digitalized transmission 

cannot be realized. The communication control mode adopts a traditional 485 or CAN 

bus communication mode, and the cable includes power lines, video transmission lines 
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and communication lines, has more core lines, and is thicker and heavier. The system 

needs to be assembled on site, the acquisition control host needs to be connected by 

using a 5-meter connection cable, the cable reel also needs to be connected by using a 

5-meter cable, the line outlet end of the cable reel is connected with the crawler, and the 

lens is arranged on the crawler. The complete set of equipment is complicated in site 

assembly, the cable line is thick and heavy, an acquisition control system is relatively 

heavy and inconvenient to move, and the site working efficiency is relatively low. 

 

SUMMARY OF THE INVENTION 

[0004] The technical problem to be solved by the invention is to provide a pipeline 

robot, a pipeline video signal acquisition and transmission device and a pipeline 

detection system and method, which can decrease the number of cable lines and 

increase the transmission distance. 

[0005] In order to solve the above technical problems, the invention adopts the 

technical scheme as follows: 

[0006] A pipeline robot, comprising a camera module and a crawler, characterized in 

that: 

[0007] the camera module comprises a front-view digital camera, a first 

microprocessor, a rotation motor and a first interface, wherein the front-view digital 

camera and the first microprocessor are each connected with the first interface, and the 

output end of the first microprocessor is connected with the rotation motor; 

[0008] the crawler comprises a frame body, wheels on the both sides of the frame body, 

a driving motor for driving the wheels, a sensor group for acquiring state parameters, a 

second microprocessor, a network transmission module, a first power carrier module, a 
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second interface matched with the first interface, and a power line interface connected 

with the first power carrier module, wherein the output end of the sensor group is 

connected with the second microprocessor, the output end of the second microprocessor 

is connected with the driving motor, and the second microprocessor is connected with 

the network transmission module; and the network transmission module is connected 

with the first power carrier module, and the power line interface inputs and outputs data 

through a power line; and 

[0009] the first microprocessor is connected with the second microprocessor through 

the first interface and the second interface, and the front-view digital camera is 

connected with the network transmission module through the first interface and the 

second interface. 

[0010] According to the above scheme, the pipeline robot also comprises a lifting 

device, wherein the lifting device comprises a lifting frame body and a hardware 

module; the lifting frame body is formed by sequentially connecting a lifting frame, a 

lifting arm and a lifting seat, and the lifting seat is mechanically connected with the 

frame body of the crawler; the hardware module comprises a third microprocessor and a 

lifting motor which are connected to each other, the lifting motor being used for driving 

the lifting arm; the lifting frame is provided with a third interface that is matched with 

the first interface, the lifting seat is provided with a fourth interface that is matched with 

the second interface, and the third microprocessor is connected between the first 

microprocessor and the second microprocessor through the first interface, the third 

interface, the fourth interface and the second interface. 

[0011] According to the above scheme, the camera module also comprises an air 

pressure sensor connected to the first microprocessor. 
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[0012] According to the above scheme, the rotation motor comprises a horizontal 

rotation motor and a vertical rotation motor. 

[0013] According to the above scheme, the lifting arm is provided with a lifting limit 

position, and the lifting limit position is provided with a limit potentiometer connected 

to the third microprocessor. 

[0014] According to the above scheme, the crawler is provided with a rear-view digital 

camera that is connected with the network transmission module through the fourth 

interface and the second interface. 

[0015] According to the above scheme, the camera module is provided with a light 

source that is connected with the second microprocessor through the first interface and 

the second interface. 

[0016] A pipeline video signal acquisition and transmission device, comprising the 

pipeline robot, and also comprising a cable reel, wherein the cable reel comprises the 

power line connected with the power line interface, a second power carrier module for 

parsing power carrier signals into digital signals, a fourth microprocessor and a network 

communication module for performing data transmission with a monitoring system, and 

the second power carrier module, the fourth microprocessor and the network 

communication module are sequentially connected. 

[0017] According to the above device, the network communication module is a 

wireless communication module. 

[0018] A pipeline detection system, comprising a pipeline robot, a cable reel and an 

acquisition control terminal, characterized in that the pipeline robot comprises a camera 

module and a crawler; 

[0019] the camera module comprises a front-view digital camera, a first 
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microprocessor, a rotation motor and a first interface, wherein the front-view digital 

camera and the first microprocessor are each connected with the first interface, and the 

output end of the first microprocessor is connected with the rotation motor; 

[0020] the crawler comprises a frame body, wheels on the both sides of the frame body, 

a driving motor for driving the wheels, a sensor group for acquiring state parameters, a 

second microprocessor, a network transmission module, a first power carrier module, a 

second interface matched with the first interface, and a power line interface connected 

with the first power carrier module, wherein the output end of the sensor group is 

connected with the second microprocessor, the output end of the second microprocessor 

is connected with the driving motor, and the second microprocessor is connected with 

the network transmission module; and the network transmission module is connected 

with the first power carrier module, and the power line interface inputs and outputs data 

through a power line; 

[0021] the first microprocessor is connected with the second microprocessor through 

the first interface and the second interface, and the front-view digital camera is 

connected with the network transmission module through the first interface and the 

second interface; 

[0022] the cable reel comprises the power line connected with the power line interface, 

a second power carrier module for parsing power carrier signals into digital signals, a 

fourth microprocessor and a network communication module for performing data 

transmission with a detection module, wherein the second power carrier module, the 

fourth microprocessor and the network communication module are sequentially 

connected; and 

[0023] the acquisition control terminal is a mobile terminal provided with a detection 
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module, which is used to receive digitalized video and state parameter signals from the 

network communication module, and the detection module receives control instructions, 

detection instructions and input parameters through a human-computer interaction mode, 

sends the control instructions from the network communication module to the cable reel, 

performs corresponding operations according to the detection instructions, and carries 

out data storage. 

[0024] According to the above system, the pipeline robot also comprises a lifting 

device, wherein the lifting device comprises a lifting frame body and a hardware 

module; the lifting frame body is formed by sequentially connecting a lifting frame, a 

lifting arm and a lifting seat, and the lifting seat is mechanically connected with the 

frame body of the crawler; the hardware module comprises a third microprocessor and a 

lifting motor which are connected to each other, the lifting motor being used for driving 

the lifting arm; the lifting frame is provided with a third interface that is matched with 

the first interface, the lifting seat is provided with a fourth interface that is matched with 

the second interface, and the third microprocessor is connected between the first 

microprocessor and the second microprocessor through the first interface, the third 

interface, the fourth interface and the second interface. 

[0025] According to the above system, the camera module also comprises an air 

pressure sensor connected to the first microprocessor. 

[0026] According to the above system, the rotation motor comprises a horizontal 

rotation motor and a vertical rotation motor. 

[0027] According to the above system, the lifting arm is provided with a lifting limit 

position, and the lifting limit position is provided with a limit potentiometer connected 

to the third microprocessor. 
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[0028] According to the above system, the lifting frame is provided with a rear-view 

digital camera that is connected with the network transmission module through the 

fourth interface and the second interface. 

[0029] According to the above system, the camera module is provided with a light 

source that is connected with the second microprocessor through the first interface and 

the second interface. 

[0030] A detection method implemented by using the above pipeline detection system, 

characterized by comprising the following steps: 

[0031] S1, the mobile terminal with the detection module carries out a network 

connection with the cable reel; 

[0032] S2, video data acquired by the digital camera in the pipeline robot and data 

acquired by the sensor group are combined into one path of digital signals through the 

network transmission module, and the digital signals are transmitted to the second 

power carrier module on the cable reel through the power line by the first power carrier 

module in the form of power carrier; the second power carrier module on the cable reel 

parses out the digital signals and sends the digital signals to the mobile terminal that is 

provided with the detection module through the network communication module; and 

the detection module superposes the data acquired by the sensor group to the video data 

acquired by the digital camera for display; and 

[0033] S3, the detection module receives the control instructions, the detection 

instructions and the input parameters through a human-computer interaction mode; 

[0034] the control instructions are sent to the cable reel through the network 

communication module, and then are transmitted to the pipeline robot through the 

power line by the second power carrier module in the form of power carrier to call each 
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corresponding microprocessor to perform instruction operations; 

[0035] the detection module further comprises a calculation module for performing 

calculation by using the input parameters according to a pipeline detection standard and 

generating a detection report; and 

[0036] the detection module performs corresponding operations according to the 

detection instructions and carries out data storage. 

[0037] According to the method, the control instructions include a rotation motor 

control instruction, a driving motor control instruction, a digital camera control 

instruction and a light source switch instruction. 

[0038] According to the method, the detection instructions include a picture storage 

instruction, a video storage instruction, a detection report generation instruction and a 

detection report storage instruction. 

[0039] The scheme of the invention has the following beneficial effects: 

[0040] 1. The scheme of the invention adopts digital cameras, and the camera module 

and the crawler are in detachable connection, have a simple connection mode, and are 

convenient to carry and convenient for site assembly; the power carrier modules are 

adopted, the synchronous and common-line transmission of power supplies, video 

signals and control signals can be achieved by merely using a dual-core line, the number 

of the cable can be decreased, the weight can be reduced, and the operation efficiency 

can be improved; meanwhile, based on the characteristics of the field, the impact on 

power carriers in the pipeline is small, the ultra-long distance transmission (more than 

3km) can be achieved through the transmission mode, and the working efficiency can be 

greatly improved compared with a traditional bus communication mode; and on the 

basis of pure digitalized data transmission, a pure software mode is adopted, and remote 
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operations can be achieved only by installing detection module software at the mobile 

terminal without using a traditional large control box. 

[0041] 2. The lifting device is additionally arranged between the camera module and 

the crawler that are detachably connected, a mechanical connection mode and an 

electrical connection mode there-between are both simple and feasible, convenient 

assembly can be achieved, and the requirements of different pipelines for video 

acquisition heights can be adapted. 

[0042] 3. The cable reel parses received power carrier signals into the digital signals 

and then sends the digital signals to the mobile terminal through a wireless transmission 

mode, the control instructions are wirelessly received from the mobile terminal and then 

are sent to the pipeline robot through the power carrier modules to achieve the wireless 

transmission of the signals, and the remote operations can be further facilitated. 

[0043] 4. The rear-view digital camera is additionally arranged on the lifting device, 

and two paths of video signals are both connected with the network transmission 

module to achieve the synchronous transmission and display of multiple paths of video 

signals. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Fig. 1 is a structural schematic diagram of an embodiment of the invention. 

[0045] Fig. 2 is a structural schematic diagram of a crawler. 

[0046] Fig. 3 is a structural schematic diagram of a lifting device. 

[0047] Fig. 4 is a structural schematic diagram of a camera module. 

[0048] Fig. 5 is a use state diagram of an embodiment of the invention. 

[0049] Fig. 6 is a hardware functional block diagram of an embodiment of the 
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invention. 

[0050] Fig. 7 is a flowchart of an operation method of an embodiment of the 

invention. 

[0051] In the figures: 1-camera module, 2-lifting device, 3-crawler, 11-first interface, 

21-lifting frame, 22-lifting arm, 23-lifting seat, 24-third interface, 25-fourth interface, 

31-frame body, 32-wheels, 33-second interface, 34-power line interface. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0052] The invention is further described with specific examples below. 

[0053] A pipeline robot, as shown in Fig. 5 and Fig. 6, comprising a camera module 1 

and a crawler 3, wherein the camera module 1, as shown in Fig. 4, comprises a 

front-view digital camera, a first microprocessor, a rotation motor and a first interface 

11 that are sequentially connected, the front-view digital camera and the first 

microprocessor are each connected with the first interface, and the output end of the 

first microprocessor is connected with the rotation motor; the crawler, as shown in Fig. 

2, comprises a frame body 31, wheels 32 on the both sides of the frame body, a driving 

motor for driving the wheels 32, a sensor group for acquiring state parameters, a second 

microprocessor, a network transmission module, a first power carrier module, a second 

interface 33 matched with the first interface, and a power line interface 34 connected 

with the first power carrier module; the output end of the sensor group is connected with 

the second microprocessor, the output end of the second microprocessor is connected 

with the driving motor, and the second microprocessor is connected with the network 

transmission module; the network transmission module is connected with the first 

power carrier module, and the power line interface 34 inputs and outputs data through a 
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power line; and the first microprocessor is connected with the second microprocessor 

through the first interface 11 and the second interface 33, and the front-view digital 

camera is connected with the network transmission module through the first interface 11 

and the second interface 33. 

[0054] A pipeline video signal acquisition and transmission device, comprising the 

pipeline robot, and also comprising a cable reel, wherein the cable reel comprises the 

power line connected with the power line interface, a second power carrier module for 

parsing power carrier signals into digital signals, a fourth microprocessor and a network 

communication module for performing data transmission with a monitoring system, and 

the second power carrier module, the fourth microprocessor and the network 

communication module are sequentially connected, as shown in Fig. 6. Preferably, the 

network communication module is a wireless communication module. The cable reel 

acquires power carrier signals from the power line, the power carrier signals are parsed 

by using the second power carrier module to obtain video signals, the video signals are 

sent to a remote terminal through a wired or wireless mode (such as wifi and 4G), 

control signals sent by the remote terminal are received by the cable reel through the 

wired or wireless mode, the cable reel utilizes the second power carrier module to 

transmit the control signals to the first power carrier module that is located on the 

crawler through the power line in the form of power carrier, and the first power carrier 

module parses out the control signals and then sends the signals to each microprocessor. 

[0055] A pipeline detection system, comprising a pipeline robot, a cable reel and an 

acquisition control terminal, as shown in Fig. 5 and Fig. 6, the pipeline robot comprises 

a camera module 1 and a crawler 3, wherein the camera module 1, as shown in Fig. 4, 

comprises a front-view digital camera, a first microprocessor, a rotation motor and a 



12 

first interface 11 that are sequentially connected, the front-view digital camera and the 

first microprocessor are each connected with the first interface, and the output end of 

the first microprocessor is connected with the rotation motor; the crawler, as shown in 

Fig. 2, comprises a frame body 31, wheels 32 on the both sides of the frame body, a 

driving motor for driving the wheels 32, a sensor group for acquiring state parameters, a 

second microprocessor, a network transmission module, a first power carrier module, a 

second interface 33 matched with the first interface, and a power line interface 34 

connected with the first power carrier module; the output end of the sensor group is 

connected with the second microprocessor, the output end of the second microprocessor 

is connected with the driving motor, and the second microprocessor is connected with 

the network transmission module; the network transmission module is connected with 

the first power carrier module, and the power line interface 34 inputs and outputs data 

through a power line; and the first microprocessor is connected with the second 

microprocessor through the first interface 11 and the second interface 33, and the 

front-view digital camera is connected with the network transmission module through 

the first interface 11 and the second interface 33. The cable reel comprises the power 

line connected with the power line interface 34, a second power carrier module for 

parsing power carrier signals into digital signals, a fourth microprocessor and a network 

communication module for performing data transmission with a detection module, 

wherein the second power carrier module, the fourth microprocessor and the network 

communication module are sequentially connected. The acquisition control terminal is a 

mobile terminal provided with a detection module, which is used to receive digitalized 

video and state parameter signals from the network communication module, and the 

detection module receives the control instructions, the detection instructions and the 
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input parameters through a human-computer interaction mode, sends the control 

instructions from the network communication module to the cable reel, performs 

corresponding operations according to the detection instructions, and carries out data 

storage. 

[0056] Preferably, the pipeline robot also comprises a lifting device 2, as shown in Fig. 

3 and Fig. 1, the lifting device 2 comprises a lifting frame body and a hardware module, 

wherein the lifting frame body is formed by sequentially connecting a lifting frame 21, a 

lifting arm 22 and a lifting seat 23 which is mechanically connected with the frame 

body 31 of the crawler 3; the hardware module comprises a third microprocessor and a 

lifting motor which are connected to each other, the lifting motor being used for driving 

the lifting arm 22; the lifting frame 21 is provided with a third interface 24 that is 

matched with the first interface 11, the lifting seat 23 is provided with a fourth interface 

25 that is matched with the second interface 33, and the third microprocessor is 

connected between the first microprocessor and the second microprocessor through the 

first interface 11, the third interface 24, the fourth interface 25 and the second interface 

33. 

[0057] The role of the network transmission module is to converge signals from the 

first to third microprocessors and video signals from the camera into one path of signals, 

and thus the network transmission module can be connected with the first power carrier 

module. According to the embodiment, the network transmission module is a network 

switch. 

[0058] Preferably, a plurality of sensors for acquiring state parameters can be 

separately arranged on the camera module and the crawler. For example, the camera 

module may also comprise an air pressure sensor connected with the first 
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microprocessor, a light source for improving the video effect in the case of insufficient 

light, and the like; and a rear-view digital camera connected with the network 

transmission module is arranged on the lifting device, and the rear-view digital camera 

is provided with a light source that is connected with the second microprocessor, and so 

on. 

[0059] The wheels can be understood as traditional wheels or crawler wheels, are only 

tools for the crawler to move forward and backward, and are not an innovation point, 

and the number of the wheels can also be set according to the length of the frame body 

and the size of the wheels. It should be understood that any structure that enables the 

crawler to move forward and backward and has the same function as the wheels shall 

fall into the protection scope of the invention. 

[0060] In addition, in order to achieve better effects, the front-view digital camera can 

rotate horizontally and vertically, and thus the rotation motor may comprise a horizontal 

rotation motor and a vertical rotation motor; and in order to avoid excessive lifting of 

the lifting arm, the lifting arm is provided with a lifting limit position, and the lifting 

limit position is provided with a limit potentiometer that is connected with the third 

microprocessor. 

[0061] According to the embodiment, the first to third microprocessors all select 

single-chip microcomputers; the first to fourth interfaces are waterproof aviation plugs; 

and the digital cameras are digital camera sensors with 2 million pixels or above, and 

have 10 times or above optical zoom functions and 12 times or above digital zoom 

functions. 

[0062] According to the embodiment, sealing rings are arranged at all interfaces, blow 

holes are separately formed in all equipment (the camera module 1, the lifting device 2 
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and the crawler 3) to blow air into the equipment for pressurization, the air pressure is 

monitored through the air pressure sensor, and if the air pressure does not change after 

the equipment is placed for a period of time, it shows that good waterproof performance 

can be achieved. According to the embodiment, the waterproof levels of the camera 

module 1, the lifting device 2 and the crawler 3 are all IP68. 

[0063] In specific applications, the camera module 1 can be directly connected with 

the crawler 3 through the first interface 11 and the second interface 33; and in some 

thicker pipelines, when the height of shooting videos is required, the camera module 1 

is connected with the crawler 3 through the lifting device 2. The hardware module is 

built in the lifting device, the third interface 24 and the fourth interface 25 are also 

skillfully arranged to let the lifting device be electrically connected with the camera 

module 1 and the crawler 3 without the need of setting a connection line between the 

camera module 1 and the crawler 3 separately outside. Thus, tangled windings and other 

problems caused by the excessive lines during automatic crawling can be avoided, and 

meanwhile, the site assembly and disassembly can also be facilitated, the safety of the 

equipment can be protected to a great extent, and the service life of the equipment can 

be prolonged. 

[0064] Preferably, the network communication module is the wireless communication 

module. The cable reel acquires power carrier signals from the power line, the power 

carrier signals are parsed by using the second power carrier module to obtain video 

signals, the video signals are sent to the mobile terminal through a wired or wireless 

mode (such as wifi and 4G), control signals sent by the mobile terminal are received by 

the cable reel through the wired or wireless mode, the cable reel utilizes the second 

power carrier module to transmit the control signals to the first power carrier module 
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that is located on the crawler through the power line in the form of power carrier, and 

the first power carrier module parses out the control signals and then sends the signals 

to each microprocessor. 

[0065] According to the embodiment, the cable reel also comprises a cable rack, an 

automatic line arrangement device, a driving part and a power supply system. The 

power line is a two-core coaxial cable or twisted pair or parallel line, the two-core 

power line synchronously transmits the power supplies, the video signals and the 

control signals, and thus the power line is thinner, lighter and firmer than a traditional 

8-core cable line. 

[0066] A detection method implemented by using the pipeline detection system, as 

shown in Fig. 7, comprising the following steps: 

[0067] S1, the mobile terminal with the detection module carries out a network 

connection with the cable reel; 

[0068] S2, video data acquired by the front-view digital camera in the pipeline robot 

and data acquired by the sensor group are combined into one path of digital signals 

through the network transmission module, and the digital signals are transmitted to the 

second power carrier module on the cable reel through the power line by the first power 

carrier module in the form of power carrier; the second power carrier module on the 

cable reel parses out the digital signals and sends the digital signals to the mobile 

terminal that is provided with the detection module through the network communication 

module; and the detection module superposes the data acquired by the sensor group to 

the video data acquired by the front-view digital camera for display; and 

[0069] S3, the detection module receives the control instructions, the detection 

instructions and the input parameters through a human-computer interaction mode; 
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[0070] the control instructions are sent to the cable reel through the network 

communication module, and then are transmitted to the pipeline robot through the 

power line by the second power carrier module in the form of power carrier to call each 

corresponding microprocessor to perform instruction operations; 

[0071] the detection module further comprises a calculation module for performing 

calculation by using the input parameters according to a pipeline detection standard and 

generating a detection report; and 

[0072] the detection module performs corresponding operations according to the 

detection instructions and carries out data storage. 

[0073] Further detailed, the control instructions include a rotation motor control 

instruction, a driving motor control instruction, a digital camera control instruction and 

a light source switch instruction; and the detection instructions include a picture storage 

instruction, a video storage instruction, a detection report generation instruction and a 

detection report storage instruction. 

[0074] According to the embodiment, the front-view digital camera and the rear-view 

digital camera are digital high-definition cameras, the acquisition of high-definition 

digital video signals can be achieved, carrier signals are acquired and transmitted 

through the first power carrier module arranged in the crawler, the synchronous and 

common-line transmission of the power supplies, the video signals and the control 

signals to the cable reel can be achieved, the carrier signals are received and parsed 

through the second power carrier module of the cable reel, the digital signals are 

transmitted by the wireless transmission module of the cable reel, the signals are 

received by computers or tablets and other mobile terminals with wireless transmission 

functions to realize the recording and storage of the signals, and the informationalized 
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preservation and management of pipeline detection information based on a GIS 

platform can be achieved in combination with a geographic information system through 

GIS information. 

[0075] According to the above, the input parameters are pipeline properties and the 

like, can be input through the human-computer interaction mode, and can also be 

directly acquired from the geographic information system, the calculation module 

performs calculation by using the input parameters according to the pipeline detection 

standard  and generates the detection report, and the pipeline detection standard is an 

industry standard known to those skilled in the art and also has an open formula, only 

by setting the formula in the calculation module, a detection result can be calculated in 

the calculation module by using detected data and the input parameters, and then the 

detection report is generated according to the detection instructions, and the detection 

report can be stored and uploaded to other platforms such as the geographic information 

system by using wireless networks for storage and presentation. 

[0076] The mobile terminal can also realize signal transmission with the cable reel in 

the form of a wired network line. 

[0077] The technology has the advantages that the ultra-long-distance transmission 

(more than 3km) of the signals can be achieved, and the synchronous and common-line 

transmission of the power supplies, the video signals and the control signals can be 

achieved by merely using the two-core cable. 

[0078] According to the embodiment, the camera module is provided with the 

front-view digital camera, the light source, the horizontal rotation motor, the vertical 

rotation motor, the air pressure sensor and the limit potentiometer. The front-view 

digital camera is the digital camera sensor with 2 million pixels or above. The 
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front-view digital camera can achieve horizontal 360-degree infinite rotation and 

vertical 270-degree rotation, and can be centered and reset by one key. The camera 

module can also be equipped with a parallel laser measurement system to effectively 

survey and map crack widths. The front-view digital camera has a 10 times or above 

optical zoom function and a 12 times or above digital zoom function. The camera 

module can also be provided with the air pressure sensor and an air pressure indicator 

lamp which can indicate the size of the air pressure in different colors, and can also 

transmit air pressure values and display the values in video images of an acquisition 

terminal. 

[0079] An angle sensor is arranged on the rotation motor to acquire rotation angles of 

the front-view digital camera, and the rotation angles can also be displayed in the video 

images of the mobile terminal in a digital form; and the brightness of the light source 

arranged on the camera module can be adjusted steplessly. 

[0080] The crawler consists of a driving mechanical part, a network transmission 

module, a carrier transmission module, a motor driving module, a clutch and the like. 

The air pressure sensor can be arranged on the lifting device to acquire the air pressure, 

and through the indication of the air pressure indicator lamp, the air pressure values can 

be transmitted to the mobile terminal and displayed in the video images in an 

overlapping mode; and a rear-view light source and the rear-view digital camera can 

also be arranged at the tail of the lifting device and can be separately connected with the 

second microprocessor and the network transmission module in the crawler through the 

interfaces. The rear-view digital camera is the digital camera sensor with 2 million 

pixels or above, and the brightness of the rear-view light source can be adjusted 

steplessly. 
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[0081] The driving motor of the crawler has a function of an electronic clutch, in the 

case of power down, the clutch is released, and the crawler can be easily pushed. 

[0082] The lifting device is of a parallel ‘Y’ type bracket structure, and an air spring 

assists the lifting. 

[0083] The video signals, the sensor data signals and the control signals are all 

transmitted and stored in the form of digital signals and are transmitted between the 

cable reel and the pipeline robot in the form of power carriers. 

[0084] The power supply for the entire system is a mains supply, and can also be a 

direct current battery system. 

[0085] The detection module is an application software system installed in the 

computers or the tablets with the wireless transmission functions, and application 

software can run on various system platforms such as WINDOWS, iOS and ANDROID. 

The computers or the tablets equipped with the application software are in wireless 

connection with the cable reel through the wireless networks, a wired network interface 

is reserved on the cable reel, and thus the cable reel can be connected with the 

acquisition control system through a universal network cable. According to the control 

instructions, the detection module controls the cable reel to wind and unwind the power 

line, controls the crawler to move forward and backward and rotate left and right, 

controls the lifting device to lift up and down, controls the brightness of the light 

sources to be adjusted steplessly, controls the switching between the front-view digital 

camera and the rear-view camera, can simultaneously and synchronously display and 

acquire front and rear videos, and controls a front-view camera probe to perform 

focusing, zooming, rotation and light adjustment, perform laser measurement on the 

crack widths, acquire the air pressure, and acquire a crawling distance value through an 
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encoder; the computers or the tablets acquire geographic coordinate information of the 

GIS through the own GIS module; the videos are displayed and acquired on an 

application software interface, and distance information, project information, time, dates, 

electricity quantity and working time information, and the GIS information are 

superimposed on the videos; and the results are embedded into the geographic 

information system platform through GIS positioning information. 

[0086] By combining a digital photography technology and a wireless transmission 

technology, the system makes the digitization of the pipeline wireless robot detection 

system come true, digitization results can be acquired through the terminals with the 

wireless transmission functions on site, and site acquisition results can be directly 

transmitted to a geographic information system server platform in the background for 

backup and management in a digital form through 5G or other network transmission 

systems. 

[0087] The above embodiments are only used to illustrate the design ideas and 

characteristics of the invention, the purpose is to enable those skilled in the art to 

understand the contents of the invention and implement the contents accordingly, and 

the protection scope of the invention is not limited to the above embodiments. Therefore, 

all equivalent changes or modifications made in accordance with the principles and 

design ideas disclosed by the invention shall fall into the protection scope of the 

invention. 
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WHAT IS CLAIMED IS: 

1. A pipeline robot, comprising a camera module and a crawler, characterized in 

that: 

the camera module comprises a front-view digital camera, a first microprocessor, a 

rotation motor and a first interface, the front-view digital camera and the first 

microprocessor are each connected with the first interface, and the output end of the 

first microprocessor is connected with the rotation motor; 

the crawler comprises a frame body, wheels on the both sides of the frame body, a 

driving motor for driving the wheels, a sensor group for acquiring state parameters, a 

second microprocessor, a network transmission module, a first power carrier module, a 

second interface matched with the first interface, and a power line interface connected 

with the first power carrier module, the output end of the sensor group is connected with 

the second microprocessor, the output end of the second microprocessor is connected 

with the driving motor, and the second microprocessor is connected with the network 

transmission module; and the network transmission module is connected with the first 

power carrier module, and the power line interface inputs and outputs data through a 

power line; and 

the first microprocessor is connected with the second microprocessor through the 

first interface and the second interface, and the front-view digital camera is connected 

with the network transmission module through the first interface and the second 

interface. 

2. The pipeline robot according to claim 1, characterized in that the pipeline robot 

also comprises a lifting device, the lifting device comprises a lifting frame body and a 

hardware module; the lifting frame body is formed by sequentially connecting a lifting 

frame, a lifting arm and a lifting seat, and the lifting seat is mechanically connected with 
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the frame body of the crawler; the hardware module comprises a third microprocessor 

and a lifting motor which are connected to each other, the lifting motor being used for 

driving the lifting arm; the lifting frame is provided with a third interface that is 

matched with the first interface, the lifting seat is provided with a fourth interface that is 

matched with the second interface, and the third microprocessor is connected between 

the first microprocessor and the second microprocessor through the first interface, the 

third interface, the fourth interface and the second interface. 

3. The pipeline robot according to claim 1, characterized in that the camera module 

also comprises an air pressure sensor connected to the first microprocessor. 

4. The pipeline robot according to claim 1, characterized in that the rotation motor 

comprises a horizontal rotation motor and a vertical rotation motor. 

5. The pipeline robot according to claim 2, characterized in that the lifting arm is 

provided with a lifting limit position, and the lifting limit position is provided with a 

limit potentiometer connected to the third microprocessor.  

6. The pipeline robot according to claim 1, characterized in that the crawler is 

provided with a rear-view camera that is connected with the network transmission 

module through the fourth interface and the second interface.  

7. The pipeline robot according to claim 1, characterized in that the camera module 

is provided with a light source that is connected with the second microprocessor through 

the first interface and the second interface. 

8. A pipeline video signal acquisition and transmission device, characterized by 

comprising the pipeline robot according to any one of claims 1 to 7, and also 

comprising a cable reel, the cable reel comprises a power line connected with a power 

line interface, a second power carrier module for parsing power carrier signals into 

digital signals, a fourth microprocessor and a network communication module for 



24 

performing data transmission with a monitoring system, wherein the second power 

carrier module, the fourth microprocessor and the network communication module are 

sequentially connected. 

9. The pipeline video signal acquisition and transmission device according to claim 

8, characterized in that the network communication module is a wireless communication 

module.  

10. A pipeline detection system, comprising a pipeline robot, a cable reel and an 

acquisition control terminal, characterized in that the pipeline robot comprises a camera 

module and a crawler; 

the camera module comprises a front-view digital camera, a first microprocessor, a 

rotation motor and a first interface, the front-view digital camera and the first 

microprocessor are each connected with the first interface, and the output end of the 

first microprocessor is connected with the rotation motor; 

the crawler comprises a frame body, wheels on the both sides of the frame body, a 

driving motor for driving the wheels, a sensor group for acquiring state parameters, a 

second microprocessor, a network transmission module, a first power carrier module, a 

second interface matched with the first interface, and a power line interface connected 

with the first power carrier module, the output end of the sensor group is connected with 

the second microprocessor, the output end of the second microprocessor is connected 

with the driving motor, and the second microprocessor is connected with the network 

transmission module; and the network transmission module is connected with the first 

power carrier module, and the power line interface inputs and outputs data through a 

power line; 

the first microprocessor is connected with the second microprocessor through the 

first interface and the second interface, and the front-view digital camera is connected 
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with the network transmission module through the first interface and the second 

interface; 

the cable reel comprises the power line connected with the power line interface, a 

second power carrier module for parsing power carrier signals into digital signals, a 

fourth microprocessor and a network communication module for performing data 

transmission with a detection module, wherein the second power carrier module, the 

fourth microprocessor and the network communication module are sequentially 

connected; and 

the acquisition control terminal is a mobile terminal provided with a detection 

module, which is used to receive digitalized video and state parameter signals from the 

network communication module, and the detection module receives control instructions, 

detection instructions and input parameters through a human-computer interaction mode, 

sends the control instructions from the network communication module to the cable reel, 

performs corresponding operations according to the detection instructions, and carries 

out data storage. 

11. The pipeline detection system according to claim 10, characterized in that the 

pipeline robot also comprises a lifting device, the lifting device comprises a lifting 

frame body and a hardware module; the lifting frame body is formed by sequentially 

connecting a lifting frame, a lifting arm and a lifting seat, and the lifting seat is 

mechanically connected with the frame body of the crawler; the hardware module 

comprises a third microprocessor and a lifting motor which are connected to each other, 

the lifting motor being used for driving the lifting arm; the lifting frame is provided with 

a third interface that is matched with the first interface, the lifting seat is provided with a 

fourth interface that is matched with the second interface, and the third microprocessor 

is connected between the first microprocessor and the second microprocessor through 
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the first interface, the third interface, the fourth interface and the second interface. 

12. The pipeline detection system according to claim 10, characterized in that the 

camera module also comprises an air pressure sensor connected to the first 

microprocessor. 

13. The pipeline detection system according to claim 10, characterized in that the 

rotation motor comprises a horizontal rotation motor and a vertical rotation motor.  

14. The pipeline detection system according to claim 11, characterized in that the 

lifting arm is provided with a lifting limit position, and the lifting limit position is 

provided with a limit potentiometer connected to the third microprocessor. 

15. The pipeline detection system according to claim 11, characterized in that the 

lifting frame is provided with a rear-view digital camera that is connected with the 

network transmission module through the fourth interface and the second interface. 

16. The pipeline detection system according to claim 10, characterized in that the 

camera module is provided with a light source that is connected with the second 

microprocessor through the first interface and the second interface. 

17. A detection method implemented by using the pipeline detection system 

according to claim 10, characterized by comprising the following steps: 

S1, the mobile terminal with the detection module carries out a network connection 

with the cable reel; 

S2, video data acquired by the digital camera in the pipeline robot and data acquired 

by the sensor group are combined into one path of digital signals through the network 

transmission module, and the digital signals are transmitted to the second power carrier 

module on the cable reel through the power line by the first power carrier module in the 

form of power carrier; the second power carrier module on the cable reel parses out the 

digital signals and sends the digital signals to the mobile terminal that is provided with 
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the detection module through the network communication module; and the detection 

module superposes the data acquired by the sensor group to the video data acquired by 

the digital camera for display; and 

S3, the detection module receives the control instructions, the detection instructions 

and the input parameters through a human-computer interaction mode; 

the control instructions are sent to the cable reel through the network 

communication module, and then are transmitted to the pipeline robot through the 

power line by the second power carrier module in the form of power carrier to call each 

corresponding microprocessor to perform instruction operations; 

the detection module further comprises a calculation module for performing 

calculation by using the input parameters according to a pipeline detection standard and 

generating a detection report; and 

the detection module performs corresponding operations according to the detection 

instructions and carries out data storage. 

18. The detection method according to claim 17, characterized in that the control 

instructions include a rotation motor control instruction, a driving motor control 

instruction, a digital camera control instruction and a light source switch instruction. 

19. The detection method according to claim 17, characterized in that the detection 

instructions include a picture storage instruction, a video storage instruction, a detection 

report generation instruction and a detection report storage instruction. 

 

 

 

 


