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Abstract: The main target of everyone engineering work assediwith minimally-invasive surgery is to
provide adequate tool-tissue force information e surgeons so that they can regain the "sense of
touch" that has been lost through laparoscopic suyg In contrast to daVinchi robots by Intuitive
Surgical Incorporation which instruments are designfor manipulation and video observation our
institute developed family tools with additionahdtions. Therefore, two main problems were solved:
an original construction of an adequate experimémadule for robots was designed and produced, in
which two force sensors was incorporated to providel-tissue information (some of which were
described and discussed in a previous work), antddrdware and program resources for control and
monitoring of this module were achieved, this beilng object of this work. The computer program
includes information about various measurementtheftip tool-contact surface interactions and data
obtained from the experimental module that is usefind the difference between data from previous
measurement and information received in real tileother signification advantage of the proposed
program solution is the graphical visualization tife measurements and comparison of the results.
Therefore, the surgeon can give the adequate comirttaforce interaction between the instrument and
tissue.For verification of the functionality and workingygacity of the experimental module with force
feedback capabilities of robots, different experitsevith the designed control system were conducted

Key words. control, robots, user-friendly software, prograresources, force sensors, laparoscopic
surgery, minimally-invasive surgery.

1. INTRODUCTION From all mentioned above, the construction design o
an electronic interface board and program resouofes

q For_adequz_;lte C(t)miotl %f ev_er%/onet_lnstru_menlt andthe experimental module with force capabilities ever
evice is very important to have interactive usertly realized. In contrast talaVinchi robots by Intuitive

SOﬂWaFe provi_ding a graphical environment for Surgical Incorporation-USA [1, 2] andZeus by
designing, testing, editing and dovynlqadmg ContrOlComputer Motion [3] whose instruments are desidgioed
sequences. The adequate softwa(e will give exam]jlgs manipulation and video observation we offer fanofy
the va|r|0us comfmgn%s apd technlques.dAIso, anadysis intelligent tools for robots with application in
an earystaggo the design process, and on mmt laparoscopic surgery, which includs four types of
interfaces directly to an unstructured environment, . oo o diagnosis [4, 5], manipulation [6]
Eﬁﬂ(;?]?sh;ze;g'gn;s L:IESS rrzzlti\cl)?jgt _trc;]etf;gnagpcl)lf aﬂbne therapy and video observation. By developing novel
yst ' 9 Psop specialized instruments, it had to be created more
program commands will allow the user to controlport compact, simple, cheaper and easier robotic ingtrsn

grr;nzu\t/vgii\rqc;rsé ig(r:\?weiiergﬁz)ort?w'ear(;til::?:)%r()sﬁtrsgllemrimsml than ever. Alos, it had to be developed novel smart
P instruments for robotic surgical systems and cdiploif

E%Siz'blecfuimt(:h Eeevel(t:i?i?)r?n;ri dOf{jlencizieoqnusenl;is% o irregular shape object manipulation, such as stones
9 9. rep ' organs, tissues, etc.

signals from sensors and actuators that are cozshéot Each instrument is divided into three sections:

the microcontroller. o
« control block (electronic interface board);
« handle of the tools incorporating a block with
CforreSplonding author: Akad. Georgi Bonchev Str., B11113 embedded force sensors, a linear stepper motoraand
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The hardware and program resources for control anghermanent magnet. This hybrid stepper motor has a
monitoring of the experimental module with force complete design of high reliability, high accuraand
capabilities are subjects of this paper. The comput featuring low noise, low vibration, low motor heagi
program is designed to control of four laparoscopicand smooth run. Besides conventional solutionstoous
instruments which can work together or individuabwt housing and winding, shaft modification, as well as
it is only realized for one. The computer program encoder, brake, gearbox adders are also available t
includes information about various models of tissue optimize the product's performance for differeneds
Software (program resources) consists of varioudn Fig. 2 a hybrid stepper motor PHL35-47-4S05 by
commands for manipulation of the instrument (irisert  PrimoPal China is shown.

and retraction of the tool, start and stop machimih Figure 3 shows the characteristics of the hybrid
contact surfaces, and data obtained from thestepper motor PHL35-47-4S05.
experimental module, which is used to find theadéhce Laparoscopic intelligent instruments require an

between previous measurement and received infawmati appropriate force sensor, which measures the tttera
in real time. Another signification advantage ofeth between instrument tip and organs/tumours/tisstoess
proposed program solution is the graphical visasitin and returns information to the operator' fingersr F
of the measurements and result comparison. Therefor purposes of the force experimental module, two eorc
the surgeon can submit the adequate command te forcsensors FSS1500NSB by Company Honeywell USA
interaction between the instrument and tissue. were used, which are very appropriate for medical
The paper is organized as follows: section 2 inetud applications (the force sensors are shown in BigF8S
hardware of a control system for an experimentaflui®  sensor allows to very precisely measure the grippin
with force capabilities. Section 3 describes lamgya force in the requisite operating range from 0 t@Q%g.
program resources and ability to force control @sd Another important function is that this sensor §xhe
adjustment in requested range. In section 4 somenoment of contact of the jaw to organs/ tissuesbdbl
experimental results are shown. Finally, section 5vessels respectively, the time being extended.
concludes the paper giving some points at the fittes
to future researches.

2. CONSTRUCTION OF ELECTRONIC
INTERFACE BOARD OF EXPERIMENTAL
MODULE WITH FORCE CAPABILITIES

It was designed and produced an original constrocti
of an adequate experimental module including twoeo
sensors to provide tool-tissue information to thegeon
(which was described and discussed at previous)wirk
Fig 1 the experimental module with force capaleiitis
shown. The main elements of the experimental
instrument are a handle and an electronic interfeaed
(control block).

2.1. Handle of the experimental module with force
capabilitiesfor laparoscopic surgery
The instrument can be divided into handle, shaft an Fig. 2. A hybrid stepper motor PHL35-47-4S05 by PrimoPal
modular jaws for grip and manipulation of irregular China.
objects. The main element of tool is the handleictwvh
incorporates a linear stepper motor by PrimoPalnghi
[7], a position sensor and two force sensors by

Honeywell USA [8]. S . 1
A hybrid stepper motor PHL35-47-4S05 by PrimoPal i &

China was used, covering a wide range of applinatio — s
with a frame size of NEMA 8 to 42. Made of high titya .8 1= L] .
cold roll sheet copper and anti-higiemperature 3 1 '\_\Ms;” 8

L. g — -

4-M3TTHRY luiﬂkwp §§ %T\JSTP?F?-':H-K-S
H F :Eé Stroke B Dimension A Dimension L
e inch (mm) (mm} {mm)
0.5(12.7) 36.7

0.75 {19.05) 43.05

1.0(25.4) 49.4
1 25'(231 8)) ) ingl Double stack
1‘ 5(38..1) 62Il motor 35 mm | motor 47 mm

2.0(50.8) 748
25(63.5) 875

Fig. 3. Characteristics of the hybrid stepper motor PHU35
Fig. 1. An experimental module with force capabilities. 4S05 by PrimoPal China.
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In designing the hardware for control of the
experimental force module two basic requirementeewe
taken into account: i) to measure force quick aratige
and ii) to transfer measured data to the contretesy.
Hardware for control and monitoring of an experitaén
module with force capabilities consists of Contedbck
which incorporatesd: i) microcontroller IN5148-0100
[9], ii) bi-connected coordinator to the instrumeand the
computer by wireless connection, and iii) other
electronics components necessary for the provisidhe
helping functions.

Control module is shown in Fig 6. Main element of
Control Block is a microcontroller IN5148-01-MOChér
microcontroller works as a network device in local
wireless system and a processor for control witfexint
simultaneously incorporated modules. This
microcontroller provides a comprehensive solutiathw
large memory, high CPU and radio performance ahd al
RF components included. All that is required toelep
and manufacture wireless control or sensing pradisct

b

Fig. 4. FSS sensor 1500NSB by Honeywel.

Fig. 5. Excitation Schematic — 5 Vdc Typ., 6 Vdc max

The range of the force sensor is 0 to 1500 grartts wi
sensitivity of 0.12 mV/gram.
Figure 5 shows the excitation schematics of theefor

to connect a power supply and peripherals such as
switches, actuators and sensors, considerably igympgl
product development.

Figure 7 shows the microcontroller JN5148-01-M0O.
Sensors.

2.2 Electronics interfaces board foran experimental
module with for ce capabilities
The purpose of the electronics of the experimental

module with force capabilities is to:

e serve as an interface between experimental module
and the computer that controls the experimental
process;

e process and transform the generated by the compute_.
signals for the experimental module ‘stepper motor
into the appropriate electrical sighals neededtlier
motor’s normal operation.

» ensure the necessary amplification, transformation
and noise protection of the output signals of the|
sensors, necessary for some measurements a
experiments connected with simulation of
laparoscopic process.

Fig. 6. Control module.

fi—=

Fig. 7. Module block diagram of microcontroller IN5148-0D0/
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3. PROGRAM RESOURCES FOR CONTROL samples or save in results, visualization and coispa
AND MONITORING OF AN EXPERIMENTAL of the measurements, etc.
MODULE WITH FORCE CAPABILITIES. The program is designed for four instruments, bigt i

. . only realized for only one. The first step is tdese the
Fr(?m the way the managing software package 'Sinstrument that has to worhe Fast Positioning button
organized depends the movements, the . work, therntroduces a special mode to quickly search thekingr
accuracy and the conduction of the experiments, th%rea
visually clear comprehensions of the receive rssaittd ,
the possibilities for their easy and unambiguous
interpretation, comparison and analysis. Therefire
managing software package has to be designed masuc

way to permit some principal requirements as tdizea

Motion is a control program button with two
alternative states: Start and Stop Motion of the
instrument. It allows and prohibits the movements
(insertion and retraction linear) of the laparoscop
. instrument. Also the movements are forward and
the input of the data for ensure the necessamyracg of backward.According to the dimension of the step, the

the measurements of Fhe force in requestepl range. stepper motor or the instrument can work in foude®
In accordance with the listed requirements the .
e acomplete step;

necessary for the purposes of the measurementsaseft

programs were developed using TCL-TK language [10]." 1;2 stepi
In previous work, TCL/TK language for different ° ilg zig

applications was used [114].

The TCL-TK program demonstrates the operation of
the tool by searching for contact, detecting thespnce
or the lack of the tool-surface interaction, ancameing
the interaction force of the instrument with a give
surface. The results obtained are visualized iraphgcal
form and save in a database. The results are cedhpar
with other results of the program.

The choice of the mode of the motion is done via
micro-switches.

History includes all commands and rapports during
the communicatiorsessions. They are also duplicated in
a file (archive.txt from Folder Laparoscopy) byesging
the Save button, located in the top row of theiahit
screen.

DTBS Samples and DTBS Results. DTBS Samples
3.1 TCL-TK language for purpose of the experiments and DTBS Results areraphical t(_)ols that provide the

As most suitable for the experiments with the operatoracpess_to t_he files stored in the_z two databases fo
designed and produced instrumental module for sbot€Ventual visualization and benchmarking. They Hiee
were chosen work with Tools Common Language /ToolsS@Me organizatiorand ways of working. Each one
Kit language (TCL/TK). TCL/TK is a compilation of Includes alist of filenames supported by the appate
program libraries of functions which are writtendan Pase at the current time, a sheet for locatingsilei part
compiled in advanced C++. It consists of two parts ©f the list, and methods for selecting and positign

TCL and TK. them in the lists, using several embedded program
TCL/TK is a scripting language allowing the buttons. S
developers abilities for simple accessing the resssuof The main program menu, which is displayed on the

Operating system, in contrast to the "commercial"Screen afte_r its execution, is described furthQ].(z_F).

products VISUAL STUDIO and VISUAL BASIC of Mode is a control program button ~with two

Microsoft. It is designed with"open source” GNUelise ~ alternative states — Auto and Manual, whiate basic

and consists of two components: i) TCL - C-like function with two possibilities

procedure oriented language, used for standard Auto mode;

algorithms programming; ii) TK consisting in operat ¢ Manual mode.

forming requests to the operating system for system In Auto mode, Force buttons are enabled, and Step i

resources accessing and setting corresponding roesou disabled. Pressing Force button a continuous sequein

parameters. steps in the specified direction is accomplishedjng
into account the following limitations:

3.2. Descriptions and basic functions of software * When the linear actuator is positioned outside the

package and way it is used work area, Force does not work;

The program demonstrates the operation of the toot Force is running at the moment when the workspace
by searching for contact point, detecting the preseor is reached, the Mode state changes automatically
absence of contact at the tip of the tool with Hewme, from Auto to Manual. S
measuring the interaction force of the tool witlyigen Tension Low Limit for S1, Tension High Limit for

surface. The obtained results are visualized iraphical ~ SL, Step Limit 0 and Step Limit 1. These are four
form and save in a database. The results are ceahpar sliders enabling the operator to graphically inpoé
with other such results of the program results. control parameter values: a lower force threshold
The range of the commands allows the user or doctomeasured by S1 above which the instrument operating
to control the device and motors, actuators, sefisop ~ area is considered to be starting; upper limit aicé
and position, which are connected to the microcdietr. measured with S1, at which (within the work area¥i
Some of basic program functions are commands foforbidden to move forward; Permissible number efpst
Motion- Start and Stop machine, command for inearti that can be performed during Fast Positioning; Fast
and retraction linear of the tools, Mode-Automadicd  Search- the number of steps that can be perforiydieb
manual, current step positions of the motor, save i laparoscopic tool in the work area.
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Fig. 8. Control panel.

Analysis of the results consists of Automatic
Control, DynamiC Measurement Graph - DTBS (DTBS Measwrement Step N:  Tengion on Sensor 1 Tension on Sensor 2
Samples and DTBD Results). In order to record the

results, the operator has to perform the commadigisze I 0 : =
in Result DTBS" or "Save in Sample DTBS". The user = 2 : B
physician can perform graphical processing andyaisal 4 £ g
of the research results by Measurement Graphic gig S mE o cho G
4. EXPERIMENTSAND ANALYSIS _
The purposes of carried out experiments with theMsermnteephe T 0 | e
realized module with force capabilities were: =
» To verify the functionality and working capacity of ] =
the experimental module with force feedback | ™
capabilities for robots; 1
» to evaluate practically whether the error introdlice ¢
by the produced module during its normal operation®
is acceptable within the required target of accyrac HE
e to ensure that the error introduced during theiearr ]
out experiments and evaluation was negligibly small ™7
» to demonstrate the operation of the tool by seacchi |
for contact, detecting the presence or the lacthef e —
tool-surface interaction; LA T s:;s A L L
* to measure the force interactions of the instrumeniL__ — — - »»»»,

with a given surface. 7¢ DTES SAMPLES

The following examples are made to illustrate the
application of testing model. The experiments were
conducted with a piece of Styrofoam and differemd-e
effectors that were designed and produced.

At a distance of about 2 mm from the wall inwards,
the dissection was made and the tool was inseftee. B B
step of the motor is 1/8 (6 microns) and the iraditrce | |
is 140 grams. The instrument searches the contast p
with the surface, detecting the presence of thd- too
surface interaction and measuring the force intenaof
the tool tip with the given surface. The restribm the
experiment is shown in the Fig 10, whereRbece in Fig. 9. Measurement Graphics from the program.

Laparazcopy Sample Files Laparascopy Result Files

12/05/11/12/00/00/p1s =t 12/05/11/1540/03/plr.tat
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grams is given orX axis and the step of the motor is The step of the motor is 1/8 and the indicial force

given onY axis. which the instrument has to search is 140 grame& Th
Under the same conditions, measurements were madastrument searches the contact point with theasesf

with the piece of rubber generating a result filde detecting the presence of the tool-surface intemaand

result is shown in Fig. 11, where the Force in ggasn  measuring the force interaction of the tip toolhwihe

given on theX axis and the step of the motor is given on given surface (a piece of rubber).

theY axis.

101916455 e ATORI91637350mls

Figl

Steps

Fig. 10. Conducted Experiment with a piece of Styrofoam.

1708 91645 enle 170819163733 mds

Fiaf

160 —

T T T T T
(1] 588 115.6 1754 282 i)
Steps

Fig. 11. Conducted Experiment with a piece of rubber.
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Figure 12 presents selected results from first anc
second conducted experiments using pieces of Synof
and rubber respectively, where the Force in grass i
given on theX axis and the step of the motor is given on
the Y axis The same experiment was conducted with
piece of memory material. The results are similar.

The aim of the conducted experiment was to
demonstrate the precision and functionality of the
experimental module with force capabilities.

The results from these, as well as all conductec
experiments, show the exceptionally high accurddhe
measuring process (0.5%) for Automat and Manua_
modes of operation of the designed experimentalefor
module in a wide range of forces (0-1500 g) forhbot
insertion and retraction of the instrument. Diffargypes

of end-effectors for experiments were implementéd. Fig. 13. Experimental module for robots.
was recognized the presence or lack of the toofssal
force interactions. 5. CONCLUSIONSAND INTENTIONS TO

Thereforethere are 2 errors — error of measuring of FUTURE WORKS
the force and error of the positions of the toolickh
depends on the motor: Hardware (electronics control board) and user-

« Measurement errors: accuracy of measurement idriendly software for control and monitoring of an
1 gram - 1/15% but performing averaging of 10 €xperimental module with force capabilities are

results, the measurement error of 0.5% was accepteddiscussed in this paper. The computer program deslu
« Positioning errors of the linear actuat@ssuming information about various measurements of contact

that a step is no missed, the error is 1 micro ste urfaces and data obtained from the experimentduieo

bout 6 d the | th of th d ~'used to find the difference between saved data from
(abou . um) and the Jength ot the measured area ISprevious measuring and received information in real
300 microns, it is about 0.3%. But in the initial

h th b . hat | time. Another significant advantage of the proposed

search, there may be 1 micro step e[)rort atlerds o oaram solution is the graphical visualization the

higher value of the error of about 0.6%. _ measuring and comparing of the results. Therefire,

The pictures are displayed in autom_at|c scalingenod surgeon can submit the adequate command to force

The program looks for maX and minY, than each  interaction between the instrument and tissue.

value ofY is displayed betweeYmax andYmin. Further intentions of this work are:

_ Figure 13 shows the experimental module for robots. o design and produce family of tools with various

with application in laparoscopic surgery. applications in the area of laparoscopic surgericiwh
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