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6610116 : Po Sinchoo
Thesis Title . Design and Construction of a Da Vinci Surgical Robot Control System

for Training

Program . Master of Engineering in Biomedical Engineering
Thesis Advisor  : Asst. Prof. Yutthana Pititheeraphab, Ph.D.
Abstract

Currently, surgical technology involving medical robots is becoming increasingly
significant. One prominent technology is the da Vinci surgical robot. However, surgery with
medical robots is expensive and has high maintenance costs before it can be utilized. Since the
Faculty of Biomedical Engineering at Rangsit University received a da Vinci surgical robot from
Bangkok Hospital, Phuket, which is no longer in use, it was used as a prototype in this research.
The objective is to design and build a control system for the da Vinci surgical robot for training
purposes, using the principle of an absolute encoder to control the robot's arms. Tests were
conducted with a rotary encoder to detect the position of the surgical robot, motor position control
of the surgical robot, and the overall system test. The test results showed that it is possible to
create the main control unit and processing unit to control the da Vinci surgical robot.
Additionally, this research provides an in-depth understanding of the working structure of the
surgical robot.

(Total 58 pages)

Keywords: Da Vinci Surgical Robot, Absolute Encoder, PID Control System
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Blue Pill STM32F103C8T6 HALAAZAIIANUNNIY 7D

1) STM: Stands for the manufacturers name STMicroelectronics
2) 32: Stans for 32-bit ARM architecture

3) F103: Stands to indicate that the architecture ARM Cortex M3
4) C: 48-pin

5) 8: 64 KB Flash memory

6) T: Package type is LQFP

7) 6: Operating temperature -40 °C to + 85 °C

9

Yoyan1unniin Blue Pill STM32F103C8T6 AD

1) A5 Clock: 72 MHz

2) Ram: 20 KB

3) Flash: 128 KB

4) Digital IO Port: 34 Pin (GPIO)
5) Pin PWM (16 Bit): 12 Pin

6) Pin Analog (ADC): 9 Pin

7) SPI Channel: 2 Channel

8) I12C Channel: 2 Channel

9) 59451 Arduino IDE

10) 3995 UMMuVserdandaany l9nszue 500 pA
11) 3995UU59AU 3.3 VDC

12) VUIAUDIVDIA: 53.0 mm x 22.5
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Feature-Walk

Surgeon Console

Same
MTM is used
in all
daVinci
Systems

8 Axis

Feature Walk AL LN

Notes
Purpose

What is the MTM p/n's?

Are the MTML and
MTMR different?

Teaching T1ps

Emphasis Point(s)

SSS - Master Tool Manipulator (MTM)

Purpose of the MTM

Regeives input from the surgeon mnd fransfiers that motion 1o the patient side
manipulators via the system sgevo loop.Controls both the ECM and PSMs,

The MTM consisis of a series of motion sensing deviées which capture movement on
cach axis and report the movement cleetronically {0 the motion controlling circuitry
in the Surgeon Console. This circuitry will procestshe mw information and wm this
o robatie asm movement sod can provide meghnaical feedback to the MTM.

Range Of Motion (ROM)
Eight Degrees of Freedom.

MTM negds large range of motief-aa that the mechanism does not limit the surgeon
dieing the procodure (ot in position and orientation). Shoulder - must reach
artywihege in Workspace:Gimbal - must be able to point anywhere on & sphere.

Inertia
~ . " 1t 15 desirable to have a low inertia mechanism to mimmize surgeon fatigue due to the
Reference Documents inertial effects of the mechanism. To comp for inertia we reduce the mass of the
Virtual Support MTM and also the radius at which the MTM rotates.
Imbalance
Feature Walk-32
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It is desirable to have an actively and passively counterbalanced mechanism to
prevent unnecessary surgeon fatigue due to mechanism imbalance, For safety reasons
the MTM needs 1o be balanced to minimize movement of the tool tips due to MTM
imbalance. To compensate for imbalance we use counterweights, springs, & servo
control.

Friction

It ts desirable 10 minimize friction forces in the mechanism so the surgeon maintains a
precise control over the mechanism and does not feel any rough spois or irregularities
in the drive train. Low friction is essential to keep accurate servo feedback. To
compensate for friction we use low friction drives (cables) and servo control.

Foree Reflection

It is desirable to have the MTM be able to exert forces and torgues on the surgeon to:

+ Reflect contact forces from the slaves.

» Reflect runge of motion information about the slaves.

* Reflect other constraints in the workspace.

> Pue seflection is accomplished by using motors to apply torques to the MTM
axes.

« The control computer determines the torgues driven to the motors.

» Ginp Axis uses a spring 1o simulate instrument grasping of tissue.

Safety

The mechanism must kave sufficiently strong motors, redundant sensors, and have all
mechanical pants designed in accordanee with JEC regulutions. In addition, al)
electronics must conform to UL and CF requirements.

Soft Lock Mode

Disconnects (clutches) the PSMs from the MTMs and holds the MTMs in place. This
happens in three situations: Home, Head Oll..md Stand By,

Gravity Compensation
If the surgeon lets go of the MTM while the head sensor is activated, (following

mode) the MTM will not move much - thesefore the instrument tips will not move
much either.

Redundant Sensors

Every axis (with the exception of grip [2xis 8]) has an encoder on the motos, and @ pot
on the axis. A potentiopricter is used a5 redundant sensor 1o monitor desired position
(encoder) 1o actual positun of the akis (potentiometer). If the pot and encoder report
different readings then amermpr gondition 18 logged.

Singularities
There are two notable positions mw\ﬁh a MTM will not behave intuitively due' #6

the design of the MTMs in relation (o thePSMs, This wgu be explained duwc!'hoh'b
for this section,

“The Sweet Spot”
The MTM Shonlder “sweet spot” is defined as the nominal position for the master

with the outer yaw axis at ( degrees, the shoulder pitch axis at +10 degrees, and the
elbow pitch axis a1 +10 degrees.

The MTM Gimbal “sweet spot™ 1s defined as the nominal position for the gimbal with
the outer links 2t the outer link “sweet spot”, the platform axis turned inward by 70
degrees (negative on a left MTM, positive on a right MTM), the wrist pitch axis at 20
degrees, the wrist yaw axis at 0 degrees, and the roll axis at O degrees

Feature-Walk

Notes
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Feature-Walk

Feature-Walk

Feature-Walk

MTM Axis 1

Axis 1 - Outer Yaw

ROM = 110 degrees

Flist slage sl capsian reduciun

Second stage large drum attached to large cables
Final onve ratio = 63 I.

Feature-Walk

MTM Axis 2

Axis 2 «Pitch

ROM = 90 degr aes

Fiyst stage small l:'rjljgéﬂ'l e et

Segond staod large drum attachad 10 large cat
Fingt Onweqatio = 5001
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Feature-Walk

MTM Axis 3

Axis 3 - Elbow Pitch

ROM = 70 degrees

First stags small capstan reduction
Second stage large drum attached 1o large cables
Final drive ratio = 601

Mator & reduction housad in shouldar

Usges four bar linkage to transmit 0o moti on

Feature-Walk

MTM Axis 4

xis 4 «

ROM = 300 gdegress

First stage small capstan reduction

Sacond stagedarge drum atached 1o laroe cahles
Flésl drive rétio = 1061

Na gavigy callbrat on

Mottr Llreduction housed in shouldes

Llsas Col grve to transmit motidn o ambae
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Feature-Walk

MTM Axis 5

Axis & - Wrist Pitch
ROM = 235 degrees

Motor with gear head & beve
gear reducton

Finaldnye rato = 231

‘ E .'.J'ﬂ

Rotatnon about Honzontal
Axis

Feature-Walk

MTM Axis 6

Axis® - Wrist Yaw
ROM2 9 iegrees

) P
VIO

r witleoear haad & bavel
Jear requecson

Hnaldanve rate s 3531

Reaedundant to Ake#

&
%

=

Rotation about Vertical Axis
(Relative to Axis 6)
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Feature-Walk

MTM Axis 7

Axis 7 - Wrist Roll

ROM = 930 degrees

Motor with gear head & _beave| gear set
Final drive ratio= 16 6.1 o

0\
\
i v 2

Rotation about Horizontal
Axis
(Relative to Axis & & 6)

Feature-Walk

MTM Axis 7

Axis 7 - Wrist Roll

RON< S30 .]ngegi
Motorath gear head g Deya| gear sat
Final drive’tatio = 16 Bi1 .

m\
v ’e

Rotation about Horizontal
Axis
(Relative to Axis 6§ & 6)
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