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Figure 1.1-1 A Mobile C-ARM X-ray fluoroscopy system (KMC-650,
COMED Co. Ltd., Republic of Korea)
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Figure 2.1-1 C-arm X-ray fluoroscopy system (KMC-650, COMED Co.,

Ltd., Republic of Korea) used in the present study.
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Figure 3.1-3 Experimental C-ARM system employing the ATmegal28

based digital controller.
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Figure 3.2-1 Tube potential control signal (kVp CTR - black line)

triggered by a video frame signal (CCU FD - red line).
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Figure 3.3-1 A photograph of the water phantom used in the present

study. The rectangular size of the phantom is 25 (width)
* 25 (length) #* 30(height) (10 - 27 variable) in cm.
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Figure 3.3-2 Automatic brightness signal for various height of water
phantom  without using the automatic brightness

controller.
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Figure 3.4-1 Automatic brightness signals generated by the P
controllers with wvalues of Kp 0.1, 0.06 and 0.05.
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Figure 3.4-2 Automatic brightness signals generated by the PI
controllers with values of Ki 0.2, 0.05, 0.025 and

constant value of Kp 0.05.
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Figure 3.4-3 Automatic brightness signals generated by the PID
controllers with the two values of Kd 0.025 and 0.05
and fixed values of Kp 0.05 and Ki 0.05.
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(Kp=0.05, Ki=0.05, Kd=0.05).
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Figure 3.5-1 Automatic brightness signal (upper pannel - CC ABS) and

x-ray tube potential control signal (lower pannel - kVp

CTR) generated by the

controller.
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Figure 3.5-2 Automatic brightness signal (upper panel - ABS) and
x-ray tube potential control signal (lower panel - kVp
CTR) generated by the PID controller (Kp=0.05, Ki=0.05,
Kd=0.05).
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Figure 3.5-3 The automatic brightness signals generated by the PID
controller (Kp=0.05, Ki=0.05, Kd=0.05) in contrast to that

by the conventional comparision controller.
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Figure 1.1-1 A Mobile C-ARM X-ray fluoroscopy system. (KIMC-650,

COMED Ltd., Republic of Korea)

Figure 1.1-2 Structure of an image intensifier.

Figure 1.1-3 Block diagram of an automatic brightness control

Figure 1.1-4 A flow model for the PID Control system of a C-ARM X ray

fluoroscopy system.

Figure 1.1-5 A block diagram of ATmegal?28.

Figure 2.1-1 C-arm X-ray fluoroscopy system (KMC-650, COMED Ltd.,

Republic of Korea) used in the present study.

Figure 2.2-1 Block diagram of the digital PID control process constructed

in the present study.

Figure 3.1-1 Electronic circuit diagrams based on ATmegal?8

Micro—Controller

Figure 3.1-2 Constructed digital controller based on ATmegal?28.

Figure 3.1-3 Experimental C-ARM system employing the ATmegal?28 based

digital controller.
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Figure 3.2-1

Figure 3.2-2

Figure 3.3-1

Figure 3.3-2

Figure 3.3-3

Figure 3.4-1

Figure 3.4-2

Figure 3.4-3

Tube potential control signal (kVp CTR - black line)

triggered by a video frame signal (CCU FD - red line).

Feedback potential (HFG kVp - red line) and current (HFG

mA - black line) of the tube in the X-ray generation unit.

A photograph of the water phantom used in the present study.
The rectangular size of the phantom is 25(width)* 25(length)

* 30(height) (10 - 27 variable) in cm.

Automatic brightness signal for various height of water

phantom without using the automatic brightness controller.

Time delay of the automatic brightness signals for various
heights of the water phantom without using the automatic

brightness controller.

Automatic brightness signals generated by the P controllers

with values of Kp 0.1, 0.06 and 0.05.

Automatic brightness signals generated by the PI controllers
with values of Ki 0.2, 0.05, 0.025 and constant value of Kp

0.05.

Automatic brightness signals generated by the PID controllers
with the two values of Kd 0.025 and 0.05 and fixed values of

Kp 0.05 and Ki 0.05.
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Figure 3.4-4 Comparison of the automatic brightness signals generated by P
(Kp=0.05), PI (Kp=0.05, Ki=0.05) and PID controller (Kp=0.05,

Ki=0.05, Kd=0.05).

Figure 3.5-1 Automatic brightness signal (upper pannel - CC ABS) and
x-ray tube potential control signal (lower pannel - kVp CTR)

generated by the conventional comparision controller.

Figure 3.5-2 Automatic brightness signal (upper panel - ABS) and x-ray
tube potential control signal (lower panel - kVp CTR)
generated by the PID controller (Kp=0.05, Ki=0.05, Kd=0.05)

Figure 3.5-3 The automatic brightness signals generated by the PID

controller (Kp=0.05, Ki=0.05, Kd=0.05) in contrast to that by

the conventional comparision controller.
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Abstract

A real-time C-arm x-ray fluoroscopy system converts the x-ray transmitted
through the human body into an image using an image intensifier and sheds
the image on the TV monitor using a CCD camera. An automatic brightness
control (ABC) implemented in the C-arm x-ray fluoroscopy system minimizes
x-ray dose using the brightness signal from the CCD camera. An existing
ABS makes use of a technique compensating through the signal detection in
every sampling time and suffers from shortcomings of delaying image
construction due to slow system response as well as of increased x-ray dose.
In order to improve the existing ABS, the present study has proposed a
digital proportional integral derivative (PID) controller based on ATmegal28
micro-controller which was i1mplemented to an experimental C-arm
fluoroscopy system to test its performance. The experimental results with a
phantom of the human waist shows that the digital PID controller, in
comparison with a conventional comparison controller, has shorten by 0.25 sec
the time to reach the level of the first steady state and has reduced by 1.78
V in the overshoot and also has shorten by more than 1 sec to get to the
steady state. In conclusion, the ABC based on the PID control technique uses
x-ray dose less than an existing method but is expected to offer high quality

of images.

Keywords: C-ARM, X-ray, Automatic Brightness Control (ABC), PID control,
ATmegal?28, X-ray dose
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