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Self-Tuning Control of Balloon Internal Pressure in Ileus Tube

Takeshi SEKI*, Akihiro NAGANAWA™*,
Kiyoshi OKA*** and Junji YOSHINO****

The recent development of the double balloon and capsule endoscopes has enabled the observation of the en-
tire small intestinal area. However, it is difficult to use these endoscopes in patients who suffer from intestinal
obstruction and adhesion. We have developed a new endoscope that can be used in patients who suffer from
these problems; the instrument consists of an ileus tube and an optical fiberscope (diameter 1.1 mm). The entire
small intestine can be observed by controlling the internal pressure of the balloon in the ileus tube and by pulling
the tube out at a constant speed. In our previous study, we developed an internal pressure control device that
consists of a balloon attached to an ileus tube and a medical syringe. We also verified the control performance of
this device. However, the performance of an endoscope using this control system cannot be guaranteed, because
of the various types of syringes used by doctors. In this study, we have designed a new two-degrees-of-freedom
control system having self-tuning capabilities that enhances the control performance for various types of syringes.
The effects of the proposed method are illustrated by the experiment. The obtained results show that balloon
pressure in the reference response satisfactorily tracks the output of the reference model and can be settled
within +2% in steady state. In addition, the disturbance rejection properties of the PID control method were
affected by the changes in balloon pressure, but this problem can be solved by using the proposed control system.
Furthermore, despite the increase in the balloon pressure during the pulling out experiment performed using an
intestinal model, we were able to suppress influence of disturbances. These results suggest that it is possible to
pull the tube out at a constant speed.

Key Words: Ileus tube, Syringe, T'wo-degrees-of-freedom control system, Self-tuning(ST) control, Loop gain
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Fig.2 Balloon pressure control system using a medical sy-
ringe
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Table 1 Parts of balloon pressure control unit

Ttem Products Model number

Tleus tube Create Medic Double balloon
type 16Fr

Pressure sensor Fujikura XFHM-050KPGR

Ball screw THK BNKO0801-3

DC motor Maxon RE25

Motor driver Maxon ADS 50/5

AD/DA converter Contec ADA16-8/2(CB)L

Table 2 Syringes used in an experiment

Syringe Products Capacity Inside diameter

A TERUMO 50 ml 29.3 mm
B TOP 50 ml 29.1 mm
C TOP 30 ml 22.9 mm

gboooooooboboobooobooooboooboo
gboobooboooooooboooooboobooooo
0 50msec0O00O0O0DOODOO

3. J0O0OoOoDOOoDOd

gooOooDoOoooO0O0ooobOOoOoboOobOOoOoOOoooo
gooooooooooooooboooooooobooOoa
gooooobooooooooobooooooooboOon
oooooooooooooooooooooooooooao
0000000000 00000000000000 Table
2000 3000000000000 00OOOOOODOOO
goooooooooooobooooooboooooDooobooo
00000000 Table2000000000000000
o00o0o0oo0oo0oUo0oUD AoOOo 12000
oooooooooono

Fig. 300000000000000000000O00O0O
00o00o0oooooooo ioml0000000000O
gooooooooooODOOODbDbOOD 2secO000000
01vOoOoOoO0o0oO0oOoOooooooooooboooooooo
gooooopoooooOoooooboo 3ooooobooo
0000000 0o0o0ooo skPad000OOOOOOOO
000000 45kPa0000000C0OCOCCOCODO 15kPa
goooooooocooooooono socoooooooao
goooooooooooooobooooooobooboOoo
goo00000 2sec00O0O0OCOOOOOOOOOOOOO
gooooooooooooooboooooooobooo
gooooooooooooooboooooooboobobooo
o0o0oU0o0o0ooooUo0ooooOooo AOO
gooooooorooooooooooboOooooogn
goooooooooooooooboooooooobooo
goooooooooooooooooooooboobooo
gooooboooooooooooboooooooboobooo
gobooooooooooooboOoooobooooooo
gooooooooooooo

TN
S O
\

Syringe B —

‘ Syringe C
[

W W
(e} W
A

Pressure [kPa]
N
W
w2
<
=
z
aQ
[¢]
>

— N
wm O

—
(e

Time [sec]
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(ur=0.1V, Measurement results for three trials)
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Fig. 23 With control of balloon pressure (Syringe C)
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Fig.24 Gain dy in Fig. 21 (Syringe A)
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