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ABSTRACT This paper presents the design of control system of NDT scanner. With special structure and 
control method, this scanner can carry PAUT and TOFD sensors and move outer the steel heating pipe in all 
positions, follow the white track to check the weld line. This scanner is product of project “Studying, 
designing and manufacturing industry scan system integrated with PAUT and TOFD” of Dr. Tran Ngoc 
Thanh, being completed in 2016. 
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1. INTRODUCTION 
Pipeline is used widely in heating system of 

thermal power plants, nuclear power, chemical 
industry, etc. Its diameter is about 300 mm and 
higher. To ensure safety, pipeline system must be 
checked periodically, where ultrasound is used 
widely [5], [8]. In recent decades, the revolution in 
nondestructive testing technology (NDT) has 
created a series of new products. Especially, 
ultrasonic testing, phased array ultrasonic 
technology (PAUT) and Time-of-flight diffraction 
ultrasonic technology (TOFD) can check product 
quality accurately and much faster than using a 
traditional ultrasound method [1], [7]. More 
complex test area which was previously used 
radiographic method has been replaced with 
PAUT and TOFD. 

To facilitate, speed up and improve the 
accuracy is compatible with different objects. 
Therefore, many companies have designed, 
manufactured some scanners which can move 
manually, semi-automatic and match with each 
tested object [4], [6]. 

However, those scanners still have some basic 
drawbacks: for the manual scanner, adjusting is 
fully implemented by the operator. For semi-
automatic scanner, the scanner can be moved 
forward and adjusted by the operator. Therefore, 
when testing the weld line in the large diameter 
pipeline, it is easy to encounter errors due to 
deviation from the path scanner welding. It is 
difficult for operator to track the deviation of 
scanner when performing the test in large pipes. 
From the advantages and disadvantages of the scan 
were analyzed above, to check welds on the steel 
pipe with diameter from 350 mm and above, Dr. 

Tran Ngoc Thanh and his group was designed and 
manufactured scanner which can carry both PAUT 
and TOFT sensors. The SCANNER is designed 
with four wheel magnetically controlled by group, 
able to automatically adjust to the correct 
trajectory outlined. Working principle of the 
scanner: With the magnetic wheels, the scanner 
can hold on the pipe during movement and move 
around the pipe to be checked. Optical sensor 
detecting the white track was mounted on the pipe 
and enables Scanner to move along the welds 
track. The scanner carries 2 PAUT and 2 TOFD 
sensors to identify weld defects if any (Fig 1: 1-
white direction band; 2 - Carriages for TOFD and 
PAUT; 3-optical sensor groups) 

 
Fig. 1. PAUT/TOFD scanner 

 
This paper presents control system for this 

scanner. It allows automatic adjustment of the 
orbit in the inspection process based on white band 
parallel with weld line. 
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Requirement of control system: 
- Speed while checking: 10-50 mm/s, 
- Moving direction: forward, backward. 
- Distance from Remote Controller to Control 

Unit: 5m 
- Automatic traction with precision grip 

Standard: ± 5mm 
- Ability to adjust the trajectory straight 100mm / 

1000mm 
- The ability to locate the position: 600dpi, 

equivalent to 0.04 mm. 
- Input Voltage supply: 90V - 260V AC/24VDC 
- Power consumption: 250VA. 

 
2. DESIGN AND MANUFACTURE THE 

SCANNER CONTROLLER 
 

2.1. Driving method 
 
The scanner is capable of independently 

adjustable wheel pairs to change the direction of 
motion of the scanner (Fig. 2). 

If VL=VR, scanner will move thoroughly. If 
VL=-Vr, scanner will turn around. To make a 
rotation of scanner, two wheels adjust to different 
speeds, the scanner will move in arc with the 
center being described in Fig. 3. If VL is 
greater/less than VR, scanner will turn right/left. 

 
1. electrical motor; 2. gear box; 3. belt; 4. bearings; 5. 

magnetic wheel; VL: Left wheels speed vector; VR: Right 
wheels speed vector; O: Virtual rotary center of scanner 

Fig. 2. Moving control system and vertical position adjustment 
method 

 
2.2 Magnetic wheel and traction motors 

Principles for calculating  the  structural  design  
calculations  and  the  actuator  is  at  the scanner 
case work with the most dangerous state, then 
selection cases require maximum power. 

Cases from TH1 to TH10 match with different 
working positions of scanner on the pipe. 
Measured magnetic forces in each case are 
described in Table I. 

As we can see in table I, in case 9 highest force 
of electrical motor is needed: scanner test case 
goes from bottom to top, the working conditions 
have to satisfy: 

kmspull PFF            (1) 
where: FPull - traction motor force; Pk - Gravity of 
scanner; Fms - friction, calculated by the formula:   

Fms=kms. FLT 
Calculated result:  

1521.6 N                       (2) 
Power of motor groups: 

Pk=V·FK= 76 W             (3) 
For driving direction of scanner, there are strain 

forces between motor groups. With spare factor 2, 
the power of each motor is: 

PM=1/2 (kf·Pk) =76 W       (4) 
 

Table I. 
 The measured value from its experimental work for the case 

of scanner 

 
Inside 

diameter 
(mm) 

Outside 
diameter 

(mm) 

Magnetic force of 
wheel 

TH8, TH9, 
TH10 TH3, TH6

Dimension 
of magnetic 

core 
50 100 

33,04 130 
Dimension 
of iron core 50 105 

 
2.3. Control system 

Features and control structure of the device are 
shown in Figure 3. It can determine the deviation 
compared to the white line and adjust scanner in 
orbit there is the feedback loop of velocity, 
position, distance and the ability to run at set speed 
of wheel pairs. 

The system is divided in 5 units: Left and 
Right unit, position unit, control unit and remote 
unit. Units communicate together by RS485 
standard. All unit are designed based on PSoC 4 
micro controller IC family - product of Cypress 
Semiconductor Corporate. Left and Right units 
drive speed of left and right motor in close loop. 
Position unit collect information; calculate vertical 
and horizontal position of scanner from pipeline 
based on counting encoder values and analyzing 
optical sensor state. Control unit runs skew 
feedback algorithm to drive scanner in automatic 
mode. For control scanner, operator use remote 
unit. It is connected to control unit by a RS485 
communication line (max distance: 5m). Device 
can work with wide range main power source 
(110-220VAC) or battery source (24VDC). 

Measurement unit is a separate part. It is a 
complete device of Olympus Company. Position 
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unit provide encoder like pulse to the measurement 
device to ensure its functions. 

 
Fig. 3. Functionality diagram of control system 

 
2.4. Determination position of scanner 

Deviation, skew of scanner can be detected by 
2 group of optical sensor at the beginning and the 
end of scanner. Each group has 2 sensors. Those 
sensor have high sensitivity, the diameter of light 
is less than 3 mm. 

Based on a combination of state remember 
sensors, the position of the sensor group can be 
detected by the rule in table II. 
 

Table II  
Trust table of position detection 

 
 

Encode it by the values from (-2) to (2) 
corresponding to more or less deviation from left 
to right. This value is covariates with deviation of 
sensor group. Note that status number 3 and 
number 5 has the same value, but separated of 
previous value. 

The Position of the SCANNER is determined 
based on a combination of two sensor group 

L: Deviation, encrypted from - 4 to + 4 cor-
responding to the deviation of two sensor groups: 

L = LD + LC  (4) 

LD: Position of first group (at the top of scanner). 
Lc: Position of first group (at the bottom of 
scanner). 

Each value of L show that the center of 
scanner is skewed 1/2 space between sensors.

: skew of scanner 
  = LD - LC (5) 

Note that L and A are also nonlinear. 
 
2.5. Horizontal position feedback 

Differential speed between to group of wheel 
can be calculated by: 

V=VL-VR=(k1· L- k2· ) (6) 
Speed of each group: 

VL= VC - V (7) 
VR= VC+ V . 

Those values will be set speed of the left and 
right speed controller. 

Results control trajectory was simulated on 
software MatLab and match with experimental 
values show that the algorithm is true and 
effective. 
 
3. SIMULATION AND TESTING 

To evaluate capable of adjustment and control, 
algorithm was simulated on software MatLab with 
the following specifications (match with actual 
structure):  With of wheel group: 350 mm; Length 
of wheel group: 400 mm; White line width: 15 
mm; Optical sensor space: 3 mm. 
 
3.1 Simulation 

Five test cases were simulated to optimize 
parameter and test adjustment capability. Where 

L0 and 0 are starting position of scanner, 
vcenter is set speed of scanner:  
Situation 1: Difference k1( L0 = 30 mm, 0=0, 
vcenter = 10 mm/s, K2 = -0.11).  
Situation 2: Difference k2 ( L0 = 30mm, 0 = 0, 
vcenter = 10mm/s, k1 = 0.14)  
Situation 3: Difference L0 ( 0=0, 
vcenter=10mm/s. K1= 0.14, K2=-0.11)  
Situation 4: difference 0 ( L0=20mm, = -10 to 
+10 degree, vcenter=10mm/s)  
Situation 5: Difference vcenter ( L0 = 20mm. 

0 = -5degree) 
Different value of k1 and k2 were simluated in 

case 1 and 2 (Fig. 4). From simulation, we chose 
value that has best quality. Higher value of K1 can 
make scanner adjust faster but higher horizontal 
drift of wheels that real device cannot perform. 
Higher value of K2 can make scanner more stable 
but adjustment length is longer. We choose 
K1=0.18, K2=-0.5 for more simulation and test in 
real device. 
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Figure 4: trajectory with different K1 

L: Deviation. fi: skew, S: Length of track 
 

Situation 3 to 5 ensure the quality of control 
method: Algorithm can adjust quickly and stably 
in only 1 to 1.5 cycle. In stable state, it oscillates 
with amplitude about 3 mm. 
 

3.2 Test 
This algorithm was installed and tested in real 

device. Result of those tests is presented in Table 
III ( L0 = 20mm; 0 = 0; Sstable - length from 
starting to stable position; Lstable - amplitude of 
vibration of scanner to centre line after 
adjustment). We can see that simulation and test 
have the same result and the control algorithm of 
scanner has a good quality. 

Table III 
Compared simulation and test results. 

 

RESULT AND CONCLUSIONS 
 

This paper was presented result of design 
hardware and software of control unit for scanner: 
- Power transmission system. 
- Structure of control system. 
- Algorithm of detecting and encoding slip and 

skew of scanner from direction band. 
- Algorithm for feedback and adjust slip of 
scanner from direction band. It can adjust scanner 
to center position in one step, after short distance 
and minimized of rotation angle of scanner. 

Result tests show that the specified algorithm 
has capability to adjust orbit of scanner. The 
scanner was designed, fabricated with capable of 
scanning is piping predetermined orbit and 
capable of adjusting to the correct trajectory, 
particularly significant for large size pipes or 
plane. 
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