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ABSTRACT

A Study on Position and Degree Calibration of Assistant

Robot for Dental Implant Surgery

Lim Ki Hong
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Recently, Implant surgery is generally accepted as the good technique to replace
the teeth completely. The professionalism of the medical team and experience and
cooperation system of the medical process are important in order to raise the success
rate of the implant operation. However, it is difficult to drill the plamed hole size
in spite of the exact surgical operation plan due to the hardness of tooth or the
shake of the operator. For the more stabilized operation, the application of the
implant operation robot, CT(Computerized Tomography), and 3D visualization
technique which can be applied in the surgical operation planning level, are required.
Computer-guided navigation has proven a valuable tool in several surgical
disciplines. Although the navigation technique facilitates the positioning, the image

guided adjustment of the angle cannot be attained easily in the dental surgery.

- VII -
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Furthermore, the influence of random factors such as trembling cannot be
substantially eliminated by the computer assisted navigation. On the other hand,
surgical guide can not modify implant guide during surgery. A completely alternative
way could be a robot. After gross positioning of the dental drill, the end-effector
should set the final angulation. The setting of the final orientation requires 2 degree
of freedom and takes place very close to the patients. Therefore, high accelerations

and complicated kinematics have to be avoided for safety reasons.

In this paper, the tilt and position tracking of developed assistant robot for dental
implant surgery are studied. The marker that is attached to the ARDIS(implant
secondary robot) and binarized by the image conversion extracts optimal threshold
value for the separated image. Position is tracked by the marker, and stereo camera
that calibrated to the principle of binocular disparity builds the depth map. The
method, that the calibrating tilt data are measured to Acceleration-gyro sensor

attached to the ARDIS and the positioning accuracy is increased, are studied.
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Table. 1-1 Key products and technologies for the

medical robot

Division

Key products

Technologies

Surgical Robot

Economical joint surgery
robot, Accurate haptic
celioscope surgery robot,
Location radiation
therapy using
three-dimensional image

induction technology

Haptic Device
operating Manipulator
design technology

3D Vision, AR

Rehabilitation Robot

High-precision artificial
hand/leg of reflecting
user’s reliance +
Human body’s external
installation type robot

for function assistance

Bio-signal fusion
technology

Driving mechanism
technology

Microassembly

Surgery Simulator

Precise surgery
simulator
patient’s simulator

Medical device simulator

3D Volume Rendering
Deformable Modeling
VR & AR

Other medical robot

Capsule endoscope for
active matrix colon,
Active DDS

Nursing & nursing
assistance robot

Hospital guide robot

Micro sensor/actuator
location/position
recognition technology,
Control Navigation
Sensor Devices of

IT fusion type
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F Brainl AB

Fig. 1-1 Vecrot vision of BrainLAB
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(a) Surgical procedures optimal design of DLR from Germany

(b) Brain surgery navigation of Cybermed from Korea
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(c) MRC of UC Berkeley from U.S.A.

Fig. 1-2 Surgery simulator
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(a) MANUS of exact dynamics

(b) weight support walk assistant of honda from Japan

Fig. 1-3 Rehabilitation robot
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Mavigation system

Gross positioning linkage

RCM

(Remote Center of Motion)
Anglation{angle, depth)

Tilt sensor

|

Table

Fig. 1-5 Schematic diagram of ARDIS
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J’ LABVIEW

7 Motion controller Measure
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o)
LABVIEW h 4 .
Signal transformation 5
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manipulator 'y
Manufacturing
W
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Fig. 1-6 Flow chart of research
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Fig. 2-2 Dental implant surgery process
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Fig. 2-3 3D simulation and program[20
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Fig. 2-4 ILS(Implant location system) of tactile technologies
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(c) Parallelogram (d) Synchronous-transmission
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(e) Instantaneous VC mechanism

Fig. 3-1 Classification of VC mechanisms'™ !
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Fig. 3-6 Expansion of 2DOF double parallelogram linkage[%f%]
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Fig. 4-6 Color image and gray image

Fig. 4-7 Binary image and threshold image
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Fig. 4-8 Pixel corresponding to the set threshold (98.4%, 69.5%, 68.3%)
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Table. 5-1 Tilt sensor specification

Tilt sensor 1

Sensor type Gyroscope Accelerometer
UART/I2C/USB UART/I2C/USB
Interface
interface interface
Startup 10 ms 10 ms
Max range +300d/s +4G
Min range
Update rate 100 hz 100 hz
Tilt sensor 2
Sensor type Gyroscope Accelerometer
Interface I2C interface I2C interface
Startup 100 ms 100 ms
Max range +2000 d/s 116G
Min range 1250 d/s 12G
Resolution(Max) 16.4 LSB/(degree/s) 2048 LSB/(degree/s)
Resolution(Min) 131 LSB/(degree/s) 16384 LSB/(degree/s)

Update rate

4 7 8000 hz

4 7 8000 hz
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Fig. 5-3 Pitch angle according to time from tilt sensor 1
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Fig. 562 71&7] A4 19 E[Rol) #& Alzte] e Zt=2 Yepdideh. & gholl
sl Qe AFE AE Hitste] Fig. 5-79 o] 98 AFE ALtk 7187]
AA 19 ERoll) e HAAL ¢ =0.27452— 0.004342 7} L $kt). Fig. 5-8& A4 %
o =49 grel 222 el A2 min - 019926 T max 0603622] W el A 2x}prt
LAY S TE Table. 5-201 71&7] AlA 19 B4 A#E 7hdsiAl Y Aok

Table. 5-2 Calibration results of tilt sensor 1

Tilt sensor 1
Pitch Roll

Regression
i ) y=1.25979—0.00424x y=0.27452—0.00434x
straight line

Sample RMS 0.204033 0.185353
Sample variance 0.0439422174 0.0361073173
Max residual 0.32428 0.25770

Collection @ chosun



—— Roll

L B e B e e L s m s m e e e e |
200 O 200 400 600 800 1000 1200 1400 1600 1800

Time

—— Roll

——T——T——T—T—T—
600 800 1000 1200 1400 1600 1800
Time

T T
-200 0 200 400

—— Roll

T T T T T T T T 1
200 0 200 400 600 800 1000 1200 1400 1600 1800
Time

Fig. 5-6 Roll angle according to time from tilt sensor 1
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Fig. 5-7 Linear fit of roll from tilt sensor 1
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Fig. 5-9 Pitch angle according to time from tilt sensor 2
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Fig. 5-11 Residual of pitch from tilt sensor 2
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Table. 5-3 Calibration results of tilt sensor 2

Tilt sensor 2
Pitch Roll

Regression
i ) y=—4.14748 +0.00409z | y=—"7.2455—0.00492x
straight line

Sample mean 0.181609 0.245091
Sample variance 0.0348143553 0.0634070780
Max residual 0.25944 0.33812
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Fig. 5-12 Roll angle according to time from tilt sensor 2
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