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Differential capacitive sensing 
• High sensitivity for conductive

material.
• Wide working frequency band.
• Differential capacitive sensor can

suppress unwanted signal
 Background signal.
 Lift-off noise.
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Objective
• Pipeline transportation is an economical and efficient transportation approach.
• Hydrogen atoms may diffuse into metal, leads to Hydrogen induced cracking

(HIC).[2]
• A reliable NDT method is needed for HIC detection.

Fig.1. The image of  a hydrogen induced cracking[1]

Fig.7. Images of flexible sensor array(a) and integrated 
prototype probe(b).

• Simulation results indicate that the method
effectively suppresses the influence of lift-
off.

• Experimental results show that the proposed
method achieves an image with a higher
signal-to-noise ratio (SNR) A flexible sensor
array probe is designed and fabricated for
inspecting curved surfaces.

• An image processing method based on this
sensing method will be developed to aid in
analyzing the size information of the defects.

• An inspection robot can be utilized to deploy
the array probe system for in-line inspection.
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Part1: Flexible sensor array Part2: Multiplexing system 

Part3: Signal conditioning 

Output

Flexible sensor array
• Reduce lift-off to acquire stronger signal.
• Improve inspection efficiency by covering

larger area

• An instrument amplifier is utilized as a
subtractor

• Gain: 20; Bandwidth: 10.2kHz-1.5MHz.

Fig.4. (a) The scanning 
experiment system. (b) 
The line scan result of 
differential and 
conventional methods

Pipeline

(a) (b)

Scan 
direction

Fig.2. (a) Structure of differential capacitive sensors. 
(b) Schematic illustration of the principle of 
differential capacitive sensing method 
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Fig.8. The schematic of the array probe 
system: part1: array probe, part2: 
multiplexing system, part3: signal 
conditioning circuit. 
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• 10mm×1mm×1mm
• #1: 0° #2: 30° #3: 60°

Fig.10. Imaging result for pipe 
sample with the prototype probe.

Fig.9. Image of pipeline 
sample with 3 artificial 
defects.
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Fig.3. The image of  a 3D COMSOL 
capacitive sensing model and the 
simulation result for conventional 
capacitive sensor and proposed sensor.
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Simulation
• Defect:10mm×3mm × 3mm;
• Lift-off: From 0.5mm to 1mm
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• Frequency: 50kHz ; Scanning step size: 1mm
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Fig.6. (a) The structure of proposed flexible 
differential capacitive sensors array. (b) Image 
showing the probe scan inside the pipe . 
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Sensing electrode: 
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Fig.5. Imaging results of quadrature 
and in phase components from the 
conventional sensor (a), (b) and 
differential sensor (c), (d)
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Driving electrode: 
95mm*5mm

Fig.11. (a) The proposed in-line inspection robot 
with a flexible sensor and the images showing 
the robot inside the pipe with 6 inch (b) and 10 
inch (c).
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