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A study on imaging device sensor data QC
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Abstract: Currently, Korea is an aging society and is expected to become a super-aged society in about four years. X-ray
devices are widely used for early diagnosis in hospitals, and many X-ray technologies are being developed. The
development of X-ray device technology is important, but it is also important to increase the reliability of the device
through accurate data management. Sensor nodes such as temperature, voltage, and current of the diagnosis device may
malfunction or transmit inaccurate data due to various causes such as failure or power outage. Therefore, in this study, the
temperature, tube voltage, and tube current data related to each sensor and detection circuit of the diagnostic X-ray imaging
device were measured and analyzed. Based on QC data, device failure prediction and diagnosis algorithms were designed
and performed. The fault diagnosis algorithm can configure a simulator capable of setting user parameter values, displaying
sensor output graphs, and displaying signs of sensor abnormalities, and can check the detection results when each sensor
is operating normally and when the sensor is abnormal. It is judged that efficient device management and diagnosis is
possible because it monitors abnormal data values (temperature, voltage, current) in real time and automatically diagnoses
failures by feeding back the abnormal values detected at each stage. Although this algorithm cannot predict all failures
related to temperature, voltage, and current of diagnostic X-ray imaging devices, it can detect temperature rise, bouncing
values, device physical limits, input/output values, and radiation-related anomalies. exposure. If a value exceeding the
maximum variation value of each data occurs, it is judged that it will be possible to check and respond in preparation for
device failure. If a device's sensor fails, unexpected accidents may occur, increasing costs and risks, and regular
maintenance cannot cope with all errors or failures. Therefore, since real-time maintenance through continuous data
monitoring is possible, reliability improvement, maintenance cost reduction, and efficient management of equipment are
expected to be possible.
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Fig. 1 Sensor output and tube voltage correlation
graph

T F WS B0mA ©]3h

gl

: Y(mA) = pow(z,0.9597372705) < 183.579155
; I ——
3 /—‘

Senzor cutput voltage #

Fig. 2 Sensor oufput and fube current correlation graph
(80mA or less)
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Fig. 3 Sensor oufput and fube current correlation graph
(more than 100mA)
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Table 1 Based on statistical analysis parameters

Sensor parameters List of reference values

Temperature [C]

Voltage [kV]

Maximum physical limit, Minimum
physical limit, Duration, Minimum
amount of change, Maximum amount
of change, 30, IQR

Electric current [mA]
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Table 2 Algorithms applicable to diagnostic X-ray
imaging devices

Algorithm name Algorithm name Algorithm name
Double sensor
Physical limit test Ig:td uindzanc3y difference value

time continuity

S A0 5 A TIPS ISt

Table 3 Algorithmic grouping

Point value at a Time series Discussive
ot value at one relationship values
po point between variables
Pphysical limit test Step inspection Dual sensor

difference value

Persi heck . : .
crsistence chec Median filter test | inspection

Sum test

Redundancy check 1
Redundancy check 2
Redundancy Check 3

Static  Consistency
Test Frequency

distribution test

Frequency check | Dual sensor
difference value
time continuity test

Internal consistency
test

| Vibration Sensor data |

.4

Falsz Failed
| Stept. | | Physical range check | *  Physical ranga check
True |
: ¥ N
| Step2, | | Step check }—. quency distribution check

True |
¥
. False Falled
Step3, | Frequency distribution check Step check
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True |
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Fig. 4 Sensor oufput and fube current correlation graph
(more than 100mA)
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Fig. 5 Tube voltage and tube current QC algorithm
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Table 4 Statistical analysis result of temperature sensor

data
Step Terr?%r? ture Note
1 Step Maximum physical limit 70 -
(Physical range check) Minimum physical limit 0 -
Duration
. 600 -
2 Step (min)
(Time consistency check) Minimum amount of 00
change 00 )
3 Step Maximum amount of 10
(Step check) change )
z 1
Median n= (t)dt = 5 Real time median value check
4 Step —m)?
(Median filter check) Variance V= Z(TN m) Real time mariance value check
30 30=3x v V(z) Real time 30 value check
Table 5 Statistical analysis result of tube voltage sensor
data
Step ?;Tz?t Note

1 Step
(Physical range check)

Maximum physical limit

80(80 or less), 400(Over 100)

Minimum physical limit

0

2 Step Maximum amount of
(Step check) change 80(80 or less), 400(Over 100) -
. . _ Real time first quartile value check
= —1)Xx0.
First quartile @ =[(TF-1)x0.25]+1 TF=Total Frequency value
3 Step
(Frequency distribution . . _ _ Real time third quartile value check
check)) Third quartile @ = (ZF-1)>0.75] +1 TF=Total Frequency value

IQR(Interquartile Range)

]QR: ng Ql

Real time IQR quartile value check

Table 6 Statistical analysis result of tube current sensor

data
Voltage
St Note
® [kV] °
1 Step Maximum physical limit 150 -
(Physical range check) Minimum physical limit 0 _
2 Step Maximum amount of 100 )
(Step check) change
. . _ Real time first quartile value check
= —1)Xx0.
First quartile @ (7F-1)x0.25] +1 TF=Total Frequency value
3 Step
(Frequency distribution . . —(TF—1)% 1 Real time third quartile value check
check)) Third quartile &= )x0.75] + TF=Total Frequency value

IQR(Interquartile Range)

[QR: Qg - Q]

Real time IQR quartile value check
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Table 7 QC-based temperature data analysis and fault
diagnosis level
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Fault
Step diagnosis QC Based data criteria Note
level
1Step | Normal level | All QC OK data -
Abn 1 A temperature rise of more than 70% of the
2Step level Step check QC When the QC error data variation exceeds 7C | maximum fluctuation occurred, requiring intensive
observation
Attention Step check QC When the QC error data variation exceeds 1 A ,temperature rise e)'(geedmg the maximum
3Step lovel 0 variation occurs, requiring confirmation and
maintenance
Statistical analysis of the device exceeds the
4Step Risk level Physical range check QC If QC error data exceeds 70C physical limit, immediatelystop operation and
check
5Ste broken Persistence check QC When QC error data occurs Broken
P Physical range check QC If QC error data exceeds 150C (Exceeding device limits)

Table 8 Voltage and curent range when taking an
X-ray imaging device for actual diagnosis

Classification of shooting Voltage electric current
Hand ~50 ~25
Foot ~55 ~32
Body (chest)/head ~80 ~200
Knee ~55 ~40

Due to the amount of radiation exposure, X-ray photography is prohibited with a current of 200mA or more
(Device error when data over 200mA is detected)

Table 9 QC-based voltage data analysis and fault
diagnosis level

Fault
Step diagnosis QC Based data criteria Note
level
IStep | Normal level | All QC OK data -
If voltage is generated in a non-shooting situation . . .
2Step Abnormal When voltage does not occur in the shooting situation SS;n;; ::giﬁifrlg;tti/gr?t?mmd ‘i/r?tlsgieved?)tsselrf/agg; $Z
level When there is a difference between input voltage data and N ui; d
output voltage data < i
Attention . Exceeding the radiation exposure limit voltage,
3Step level Step check QC error data fluctuation exceeds 80kV immediate confirmation and maintenance required
If a voltage rise that exceeds the maximum
4Step Risk level If Step check QC error data is over 100kV variation of the device occurs, stop operation
immediately and check.
5Step broken Physical range check QC error data over 150kV Broken . L
(Exceeding device limits)
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Vibration Sensor data of

Temperature
v l
o Persistence check QC data
Based step check Yes Based step check Yes Statistical limiting value | yes > 600min Yes |  5StepTemperature error
— = alarm
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Fig. 6 QC-based temperature failure prediction
algorithm
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Fig. 7 QC-based voltage failure prediction algorithm
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