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Abstract

This dissertation aims to provide steady sensing systems
for the shape detection of colonoscopes. The research
especially deals with the key technology of Fiber Bragg
Grating ( FBG) large curvature sensor and sensor net,
integrates the technologies of mechatronics and computer
graphics, and then develops real time FBG shape sensing
system and incremental shape sending system for
colonoscopies.

After the analysis of state-of-the-art for the development
of the endoscope and the difficulties of colonoscopy, the
actualities of both endoscopic shape sensing and of FBG
structure monitoring are summarized. By the analysis of the
reconstruction principles and optional sensor components,
integrated design of the shape sensing systems and the
development roadmap of each unit are proposed respectively.

Based on the experimental research on FBG sensing
response under different strain and temperature separately,
the key technologies of typical FBG system are discussed.
According to the limitation and requirement of the shape
sensing of colonoscope, the principle design, encapsulation
and calibration method of FBG large curvature sensor are
discussed in detail. The research work mainly includes: ) By
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the design of substrate material, encapsulation mechanism
and encapsulation technology, a novel slim FBG large
curvature sensor wire is developed. @ FBG sensor with pre-
strain is mounted on a slim cylindrical substrate to deal with
the limitation caused by unbalanced mechanical property of
the optical fiber. @ At the same time, by changing the
encapsulation condition, the curvature sensitivity can be
adjusted in a large range.

In the dissertation, based on the research on the large
curvature sensor and the curve fitting method, real time and
incremental FBG shape sensing systems have been developed
respectively. (D A four-channel SDM/WDM FBG sensor net
comprised 20 FBG sensors has been designed and encapsulated
on a flexible slim SMA substrate. Taking advantage of multi-
sensor data processing and curve fitting method, a real time
shape sensing system for endoscope is built up. @ To reduce
the cost of the shape sensing system, an incremental shape
detection system composed by simple demodulator, single
point SDM sensor wire and an automotive feed-in mechanism
is developed. This system supposes a colonoscope be immobile
after it is advanced into the human’s body. The automotive
feed-in mechanism is designed to impel the sensor wire into
the surgical channel by fits. By the incremental detection of
the spatial curvature information, we can get the approximate
shape of colonoscope according to the track of the sensor
wire. :

After the successful building of the real time and
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incremental shape sensing system, necessary analysis and
experimental research have been done, mainly including
temperature influence and compensation, error analysis and
accuracy experiment, elementary adaptability experiments.
(D As temperature can affect the output of FBG sensors, even
through there is no strain, analysis of the temperature effect
on sensing result is necessary. By experiments, temperature
coefficients under different curvature are found out, thus we
can get the bound of temperature and strain coupling
coefficients. Several methods for temperature compensation
are discussed with the elementary experimental result given.
@ Subsequently, this dissertation discusses the definition and
components of the reconstruction error. The contribution of
every error component is found out from simulation or
experiments, the methods to improve precision of shape
sensing are also discussed. 3 Before clinic application, it is
necessary to test the adaptability of the shape sensing systems.
After experiments in a glass tube and in an intestinal model,
shape sensing colonoscépy on live swine has been done
successfully.

To summarize, novel shape sensing devices for intelligent
colonoscope are proposed. Research work mainly deals with
the key technologies of FBG large curvature sensor and sensor
net, the design of the automotive feed in mechanism, data
processing and shape reconstruction software and so on.
These two shape sensing systems can work under
electromagnetic disturbance and are hopeful to be used in
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clinic after amelioration. By the literature search, these two
novel FBG shape sensing systems and the relevant work have
never been reported before. Some results of this dissertation
have been published by ICRA04, ICMAO5 and other
publications. The application of the invention “3D shape
detection device and method for soft endoscope” has been
accepted by the National Patent Bureau after original
investigation and initial examination.

This research is jointly sponsored and supported by
National High-Tech R & D Program, NSFC, and the
Excellent Young Teacher Program of MOE.

Key words Endoscope, FBG, Curvature, Sensor net, Real
time, Incremental, Shape sensing
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