
 
 
 
 
 
 
 

A VERBAL-COMMAND ROBOT TO CONTROL   
A LAPAROSCOPE IN AID OF SURGERY  

: A PROTOTYPE DESIGN  
 
 
 
 
 
 
 
 
 

CHOOKIET NAKORNNARATHORN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT 
OF THE REQUIREMENTS FOR 

THE DEGREE OF MASTER OF ENGINEERING 
 (BIOMEDICAL ENGINEERING) 

FACULTY OF GRADUATE STUDIES 
MAHIDOL UNIVERSITY 

2003 
 

ISBN 974-04-1208-4 
COPYRIGHT OF MAHIDOL UNIVERSITY 

 
 







 
 
 
 
 
 
 

ACKNOWLEDGEMENT 
 
 

                                I would like to express my sincere gratitude and deep appreciation to Admiral Dr. 

Paibul Nacaskul, my principal advisor, for his guidance, invaluable advice, supervision 

and encouragement throughout. He was never lacking in kindness and support. I am 

equally grateful to Dr. Prasit Wattanapa, my associate supervisor, for his constructive 

comments, supervision and encouragement. He was always nice and friendly. 

        I wish to thank the Department of Surgery, Siriraj Hospital for the                        

needed  co-operation and generous assistance. 

        I am particularly indebted to  the staff of Tool and Facility department, SVI Co., Ltd. 

for their general assistance, which enables me to undertake this study. 

 

 

 

                                                                             

                                                                                                 Mr. Chookiet Nakornnarathorn 
 

 

 

 

 

 
 
 
 
 



 
 
 
Fac. of Grad. Studies, Mahidol University                                                                                        Thesis / iv 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A VERBAL-COMMAND ROBOT  TO CONTROL A LAPAROSCOPE IN AID 
OF SURGERY : A PROTOTYPE DESIGN 
 
CHOOKIET NAKORNNARATHORN 4137947 EGBE/M 
 
M.Eng.(BIOMEDICAL ENGINEERING) 
 
THESIS ADVISORS: PAIBUL NACASKUL, Ph.D., PRASIT WATTANAPA, 
Ph.D., WERASAK KURUTACH, Ph.D., TAWEEDEJ SIRITANAPIPAT, Ph.D. 
 

ABSTRACT 
 

         Nowadays, robot assisted surgery is highly developed. There exist some efforts
to use a surgical robot under a voice command. In this study, a voice command
robot for virtually real time manipulation of laparoscope was designed to hold a
laparoscope with one arm and to move it in the required direction under the voice
command of the surgeon to view a particular area inside the patient. Another robotic
arm was added to hold the retractor to manipulate the cut area. The results obtained
show that the system works quite closely to the design which, as a prototype design,
can be further developed into a practical and safe medical tool in aid of surgery by
using Kinematics. 
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CHAPTER I  
INTRODUCTION 

 
 
         1.1 BACKGROUND 

 
         It has been felt by a number of medical doctors that certain medical aids and 

devices may possibly be developed by Thai people. Simple robots are among such 

devices that could have been developed in country for uses in medical fields. 

         It is thus proposed to design, construct and test a certain robotic device as an aid 

to surgery in specific manners. 

         Over the past decade, robots have started to appear in hospital operating rooms. 

Surgical applications have been progressing rapidly due to the technology base that 

has been developed in robotics researches during the last three decades. Results in 

mechanical designs, kinematics, control algorithms, and programming that were 

developed for industrial robots are directly applicable to many surgical applications. 

Robotic researchers have also worked to enhance robotic capabilities through 

adaptability (the use of sensory information to respond to changing conditions) and 

autonomy (the ability to carry out tasks without human supervision). The resulting 

sensing and interpretation techniques that are proving useful in surgery include 

methods for image processing, spatial reasoning and planning, and real-time sensing 

and control. 

         1.2 PROJECT OBJECTIVES 

                  (i) To use verbal command to control a laparoscope for a view inside the 

patient stomach while the surgeon hands are busy manipulating the surgery. 

                  (ii) To use verbal command to control a retractor for opening the cutting 

area of the body. 

                  (iii) To develop an equipment that should be a fair help to the surgeon. 

         1.3 PROJECT BENEFITS 

        To understand the advantages of using robots in surgery, it is helpful to consider 

the differences between human and machine characteristics,as summarized in Table 1. 
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         Many promising applications are based on unique robotic capabilities. One key 

difference is precision and accuracy, or more generally, the ability to use copious, 

detailed quantitative information. The combination of three dimensional imaging data, 

computers, and intrasurgical sensors, for example, can allow robot to accurately guide 

instruments into pathological structures deep within the body. Another important 

difference is that specialized manipulation designs allow robots to work through 

incisions much smaller than would be required for human hands, or to work at small 

scales where hand tremor poses fundamental limitations. 

         The prototype design of robotic system is best described as “extending human 

capabilities” rather than “replacing human surgeon”.   

         In case of emergency, an assisting surgeon in the surgery team will be free 

perform other functions. 

         The project is aimed at the reduction of imports of medical equipment by 

suitable in-country products. If this project were successful and the equipment could 

be developed to pass the Food and Drug Authority, there would be a chance to open 

up a manufacture and sale of another line of Thailand’s own products.  

         1.4 SCOPE OF THIS PROJECT 

         The scope of this project is to design a prototype of a verbal-command robot for 

virtually real time manipulation of laparoscope. The robot is expected to hold a 

laparoscope with one arm and to be moved in the direction under the voice command 

of the surgeon to view a particular area inside the patient. Another robotic arm is used 

to hold the retractor to manipulate the cut area whenever required by the same 

surgeon.  
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Table 1 Comparison of human and robotic characteristics and limitations. 

(Adapted from Taylor and Stulberg). 

 

                            Characteristics                                        Limitations 

 

Humans   Strong hand-eye coordination           Limited dexterity outside natural scale  

                 Very dexterous (at “human” scale)      Prone to tremor and fatique 

                 Very flexible and adaptable                 Limited geometric accuracy 

                 Can integrate extensive and                 Limited ability to use quantitative 

                    diverse information                              information                   

                 Able to use quantitative                        Large operating room space 

                    information                                           requirement 

                 Good judgement                                   Limited sterility 

                 Easy to instruct and debrief                  Susceptible to radiation and 

                                                                                 infection 

 

Robots    Good geometric accuracy                      Poor judgment 

                Stable and untiring                                 Limited dexterity and hand-eye 

                Can be designed for a wide                       coordination 

                   range of scales                                     Limited to relatively simple 

                May be sterilized                                       procedures 

                Resistance to radiation and                    Expensive   

                   infection                                             Technology in flux                                                     

                Can use diverse sensors (chemical,        Difficult to instruct and debug 

                   force, acoustic, etc.) in control 
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CHAPTER II 
LITERATURE REVIEW 

 
 
         2.1 AN OVERVIEW OF OPERATING ROOM 

         Patients are submitted to surgical intervention for a variety of reasons, including: 

          1. To preserve life, e.g., relief of internal obstruction or decompression of a  

       skull fracture. 

   2. To maintain dynamic bodily equilibrium, e.g., removal of a diseased  

       kidney. 

           3. To undergo diagnostic procedures, e.g., breast biopsy, branchoscopy. 

   4. To prevent infection and to promote healing e.g., burn debridement. 

   5. To obtain comfort and to ensure the ability to earn a living, e.g., elective 

       herniorrhaphy. 

         Not all operations are performed in hospitals. Many are performed in surgeons’ 

offices or in independent, nonhospital-based, freestanding surgical facilities if they are 

not complex enough to require hospitalization of the patients. Not all patients are 

operated on in a hospital-contained operating room until they are admitted to the 

hospital. Surgeons view postoperative activity as beneficial rather than hazardous for 

surgical patients. Consequently, operation on an ambulatory care or an outpatient 

basis is feasible and safe for carefully selected patients.  

         The types of operations performed in a hospital or other facilities vary according 

to the expertise of the surgeon on the staff, the community in which the facility is 

located, and the equipment availability. The daily schedule of operations is as variable 

as the type of facility and the types of operations performed. Regardless of the 

circumstances that bring patients to the operating room (OR), the intraoperative phase 

of care becomes an integral part of nursing service, filling a need that cannot be met 

by the individual patient or his or her family. Nursing care of patients undergoing 

surgical intervention as the therapeutic modality of choice is carried out at two levels, 

professional and technical. 
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         A person facing an impaired health status strives for wellness. As a patient, this 

person looks to health care providers to fulfill his or her multiplicity of diversified 

needs. A patient-centered approach to total surgical care involves meeting all the 

patient’s basic needs during the preoperative, intraoperative, and postoperative phases. 

The health care team is dedicated to maintaining optimal health and/or restoring it 

when altered by disease, injury, or deformity. Although the team members may vary 

with the situation and the patient, the goal is for a favorable outcome from surgical 

intravention. 

         In viewing the team in its broadest scope, one can consider the patient as the 

central part or hub of a wheel with many persons and departments as the supporting 

frame work. All focus their efforts at the hub, meaning that the patient is the center of 

attention always , not only when under the OR spotlight. The ultimate beneficiary of 

teamwork is the patient. Imperfection in any one part of the wheel imperils the 

performance and security of all. Each team member makes a unique contribution in 

reaching the goals. The patient care is a doctor’s reason for existence as a health care 

team member. 

Figure 1 The patient is the focus of attention of the entire health care team 
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         2.2 STERILIZATION 

         All items (instruments, supplies, equipment, etc.) that come in contact with the 

sterile field and the wound must be sterile. As soon as possible following use, soiled 

instruments are cleaned in the washer-sterize. Following terminal decontamination in 

the washer-sterilizer, the instruments are cleaned in an ultrasonic cleaner to remove 

any remaining soil. 

         The three most commonly used methods of sterilization employed in the 

operation room (or central supply) include : 

           1. Saturated steam under pressure, 

           2. Gas chemical sterilization, 

           3. Liquid chemical sterilization, 

         2.3 GENERAL REMARK 

         It is necessary that all equipments used in surgery must be well sterilized before 

and after usage, if they were to be medical tools for doctors to use and manipulate 

successfully in sustaining life and / or maintaining health of a patient. 

         The robot planned for this project is to be designed with th above remark in 

mind. Any parts of robot which cannot be directly sterilized will be well sealed 

against contamination. Moreover, since the robot is an electrical device, the design for 

it to be electrically safe to both the patients and doctors is an important factor to be 

taken into account.  
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CHAPTER III 
MATERIALS AND METHOD 

 
 
         3.1 MATERIALS 

          3.1.1 Software Unit 

         The software for verbal command is written in Visual Basic and C language: 

DOS (Disk Operating System) version 6.22. 

                  3.1.2 Verbal Command Unit 

The hardware needed for verbal command, as shown in Figure 2, comprises  

the flowing characteristics: 

         CPU                               :            Pentium 120 MHz 

         RAM                              :           At least 32 MB 

         Hard Disk                       :           80 MB 

         Monitor                          :           14-inch VGA (Colour)  

         Peripherals                     :           Keyboard, microphone 

         Verbal Unit                     :            Micro Intro Voice II, a product of Voice  

                                                            Connection, Inc. in U.S.A. 

         Selector and Decoder    :            4 decoders and 64 ports, to be designed for  

                                                            purposes as part of the project. 

         Driver                            :            Drive power from 12 to 50 V. 

         Relay                             :            32 units for a 12-contact set with 24 VDC, 5 A. 

                                                            Coil. 

         Expanded 32 Ports        :            For future use. 

         Display Status               :            Display Status for Selector and Decoder 

         Power supply                :             +3, +4.5, +5, -5, +6, +7.5, +9, +12, -12, +24, 

                                                             +50 VDC  

                                                             220 AC 

         Control Box                   :            H66*L70.5*W31 cm 

         Control Unit Weight      :            41 Kg, gross 
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                  3.1.3 Surgical Robot 

         The surgical robot as shown in Figures 3 and 4 has the following features: 

         (i) Laparoscope Robot 

4-Axis Control            :            Control Laparoscope 

        Robot Dimensions      :            H130*L60*W70 cm 

        Joy Stick                     :            H15*L20*W25 cm   

        Flexible Pipe               :             For ease of positioning the Laparoscope Holder                

        Robotic Weight           :             23.7 Kg, gross. 

        Speed                           :             Up-Down(20 mm/s),                      

                                                           Collar Rotate CCW-CW (5 mm/s)        

                                                           Collar Up-Down (5 mm/s), 

                                                           Collar Left-Right (5mm/s)                

              

FLEXIBLE PIPE 

 

LAPAROSCOPE 
     HOLDER 

 

 

 
 

 

JOY STICK
                          
Figure 3 Hardware of Laparoscope Robo
STAINLESS
UP-DOWN
COLLAR RAISED UP 
& LOWERED DOWN 
COLLAR MOVES LEFT
        & RIGHT 
COLLAR ROTATES 
     CCW & CW 
t 
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                  (ii) Retractor Robot 

2-Axis Control                     :             Control Retractor 

Stanless Tray                       :             H1.9*L30*W48 cm 

Hight Adjust                        :             Manually adjustable 100~160 cm.                                                 

Foot Switch                         :             H6*L35*w16 CM  

                                                           For raising / lowering the Retractor Arm and 

                                                           moving the Retractor Arm left / right                   

Robot Dimensions              :              H150*L80*W70 CM 

Robotic Weight                   :             18.3 Kg, gross. 

Speed                                   :             Up-Down (20 mm/s), Left-Right (1 mm/s) 

     

STAINLESS TRAY 

 ADJUST TRAY 

 

 

 

 

STAINLESS
                      

      LEVEL 

H 

S 

 R 

 

Figure 4 Hardware
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         3.2 METHODOLOGY 

    Verbal command on surgical robot is designed principally as 2 systems at 

workas described below: 

              3.2.1 Verbal Command System 

         The control program facilitates operation through the PC’s RS-232 

asynchronous communication port. This program will be designed to make it easy to 

take full advantages of the outstanding voice recognition and robotic text-to-speech 

synthesis features of Verbal Command Unit (VCU). 

         First, the user edits his or her own words for uttering a certain set of commands, 

and then trains those words 7 times to the VCU. After that, the voice commands are 

saved in a hard disk. Finally, user switches the VCU to Recognition Mode ready for 

manipulating operations. The VCU will be able to show the command signal on its 

monitor screen, whenever a command is uttered via the microphone hidden behind the 

mask of user. 

         Figures 5 and 6 below show the start of software program, requesting for user 

initial and will show “Error” when communications port (COM 2) has not yet been 

setup. Figure 7 shows the diagram of Verbal Command System. 

 
   File          Train          Recognition          Speech          Out          Utility          Help 

 

 

User Initial 

Enter your initials : [STD] 

 

   Enter initials of the person whose voice patterns you wish to work with 

 

Figure 5  Program of Verbal Command for User Initial 
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   File          Train          Recognition          Speech          Out          Utility          Help 

 

 

Error 

Unable to setup communicattions port: COM2 

OK 

 

   Enter initials of the person whose voice patterns you wish to work with 

           Figure 6 The Verbal Command Program requiring the Setup of COM 2       

                                    Communication Ports. 
 
                                     PC 

 

 

                             Verbal Command               Selector                       Driver Unit 

                                    Unit                          and Decoder 

 

 

                               Headset                         Expanded                   Relay 32 units 

                                                                      32 ports         X1 X2 Y1 Y2 Z1 Z2 R1 R2 

                                                                        

 

 

Figure 7 Diagram of Verbal Command System 

 
         A set of vocabularies define the words that are to be spoken into the microphone 

and recognized by the verbal command program. Vocabularies also define what the 

Verbal Command Unit does when it recognizes a specific word. The verbal command 

program provides all the tools one needs to easily create, edit, save and print 

vocabularies (which are stored in vocabulary files). 

       Each word in a vocabulary consists of 3 fields (or elements): the spoken word 

field, the key replacement field and the next vocabulary field. Each of these fields is 

described below. 
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         The Spoken Word field contains the words or phrases to be spoken into the 

microphone to cause commmands or data to be inputted to a program. These are the 

words that will be recognized by the VCU when the verbal command is in voice 

recognition mode. These are also the words or phrases that one will be prompted to 

speak to train the VCU to recognize the command by its specific voice pattern. 

         When the VCU recognizes a word or phrase, the characters and/or commands of 

the key replacement field associated with the recognized spoken word are sent to the 

computer and/or processed by the Verbal Command Unit. Also, the subvocabularies 

specified in the next vocabulary field become the new active subvocabularies. 

         The first word in th spoken word list (normally “Begin”), is a “dummy” word 

that does not get trained, but VCU behaves as if this word was spoken when the 

recognition mode is first activated. That is, data in the corresponding key replacement 

field is processed and the subvocabularies specified in the corresponding next 

vocabulary field become the active subvocabularies. This allows the user to include a 

start-up message or command when the verbal command enters Recognition Mode, 

and to specify the initial active subvocabulary (the next vocabulary field 

corresponding to “Begin” must specify at least 1 subvocabulary). 

         The spoken word list also includes subvocabulary labels. A spoken word 

becomes a subvocabulary label when it is placed within the (main) parenthesis-like 

subvocabulary label defined in the test vocabulary. (Note that subvocabulary labels 

cannot contain embedded spaces.) All words or phrases following “Begin” are part of 

the subvocabulary names in the label unit. Large vocabularies are generally divided 

into subvocabularies and the spoken word list must contain at least one subvocabulary 

label. 

         The Key Replacement field defines the response for the corresponding spoken 

word when that word is recognized by the Verbal Command Unit. The response can 

include data that is sent from the verbal command to PC computer and/or commands 

that are processed by verbal command. Data includes regular text and non-printable 

key strokes (such as F! or Backspace). Commands are special non-printable characters 

that provide access to things such as the verbal command text-to-speech synthesizer. 
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         The Key Replacement field can contain up to 255 characters. The verbal 

command reserves 40,000 bytes (a byte is equal to one character) for all the key 

replacement fields of the entire vocabulary. 

           The Next Vocabulary Field contains the subvocabularies that become active 

after the corresponding spoken word has been recgnized.This feature allows the user 

to limit the words that are “active” at any one time and change the active 

subvocabulary based on which words are spoken. If the next vocabulary in the field is 

blank, then the subvocabulary becomes active when the corresponding word is 

recognized. 

         When recognition is first activated, the active subvocabularies are determined by 

the first word in the spoken word list (the first word must specify at least one defined 

subvocabulary). Vocabularies can be specified as a subvocabulary label that has been 

defined in the spoken word list, a word range (such as 5-21), or the previous 

subvocabulary. The previous subvocabulary specifier indicates that the subvocabulary 

active before the current one will again become active once the corresponding spoken 

word is recognized. The previous subvocabulary is entered into the Next Vocabulary 

Window of the vocabulary editor by pressing “F2” following by “Enter”. If the next 

vocabulary field contains the previous subvocabulary specifier, it can contain no other 

data. 

         Note that when the user saves an edited vocabulary to disk, the verbal command 

program will check that any subvocabulary labels defined in the next vocabulary 

fields are indeed labels that were defined in the spoken word list, and will display a 

descriptive error message if any vocabulary is not found. In contrast, no checking is 

performed on word ranges. 

         The Verbal Command Control program features a powerful vocabulary editor 

that enables the user to create and edit vocabulary files. 

         The vocabulary editor is accessed when the user creates a new vocabulary with 

the File/New command (ALT, F, N) and when an existing vocabulary is edited with 

the File Edit command (ALT, F, E). When the user creates a new vocabulary, the 

display appears as shown in Figures 8, 9 and 10. 
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   File          Train          Recognition          Speech          Out          Utility          Help 

 

   New                            F2  

   Edit                             F3 

   Load                           F4 

   Save                      Ctrl-S 

   Import                             

   Reset                     Ctrl-R 

   User Initials          Ctrl-I 

   Print                          F9 

   Exit                         F10 

 

   Create and edit a new vocabulary 

Figure 8 The Editor Program 
 
 

 
 
   File          Train          Recognition          Speech          Out          Utility          Help 

 

 

File Edit 

EXAMPLE.STD   ROBOT1.STD   ROBOT2.STD 

                                          ROBOT3.STD       ROBOT4.STD 

 

 

   Select vocabulary to be edited <Escape>=Cancel 

 

Figure 9 Loading Program 
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   File          Train          Recognition          Speech          Out          Utility          Help 

 

      Spoken Word                                             Key Replacement 

1   Begin 

     (main) 

   2   Start 

   3   Left 

   4   Right 

   5   Up 

   6   Down 

   7   In 

   8   Out                                                             Next Vocabulary 

   9   Stop 

 

 

 

 

   EXAMPLE.STD   |   <Alt>=Menu   <F1>=Help   <Escape>=Exit Editor                       |   Passes : 0 

 
Figure 10 Inside of Editor Program 

 
         The menu bar in loading program shown in Figure 9 contains only the 

commands related to the vocabulary editor. Commands are selected from the 

vocabulary editor menu in the same way they were selected from the main menu. 

There is detail on line help available for all of the items in the vocabulary editor menu. 

         Basically, the vocabulary editor display in Figure 10 is divided into 3 windows. 

Each of these windows corresponds to the 3 fields of the vocabulary as previously 

described. Note that the Spoken Word window lists as many spoken words as will fit 

in the window. In contrast, the Key Replacement and Next Vocabulary windows 

display only the information corresponding to the currently selected spoken word. One 

can change the selected spoken word by using the arrow keys to move the  
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highlight bar up and down in the spoken word list. The cursor can be moved to the 

different windows by using the TAB and SHIFT+ TAB keys. 

         When the user creates a new vocabulary, the vocabulary editor automatically 

inserts the word “Begin” at the start of the spoken word list. As previously explained, 

this word is not trained but does serve as “special purpose”. The information in the 

Key Replacement window that corresponds to the first word in the spoken word list is 

processed when the verbal command first enters voice recognition mode. In addition, 

the vocabularies specified in Begin’s Next Vocabulary window determine the initial 

active subvocabularies. 

         To append a new spoken word to the spoken word list, move the highlight bar to 

the last word in the list and press the down arrow key or Enter to create a new blank 

entry. Then type the new word or phrase. With the highlight bar still on the newly 

created spoken word, tab to the Key Replacement window. Type in the text/or non-

printable characters (described below) to define the response when the corresponding 

spoken word is recognized. If the user would like the active subvocabulary to change 

when this word is recognized, type the new subvocabulary in the Next Vocabulary 

window. 

         In addition to regular text characters, the Key Replacement and Next Vocabulary 

fields can contain special non-printable characters. Non printable characters are 

entered by pressing “F2”, or by selecting the Edit/Insert Non-printable Character 

command (ALT, E, N), and then pressing the key associated with the desired 

keystroke or command. 

         The Key Replacement window supports 2 types of non-printable characters. The 

first type is for non-printable keystrokes. For example, to enter the ESCAPE key, tab 

the cursor to the Key Replacement window and type F2, ESCAPE. To enter 

CTRL+HOME, press F2, CTRL+HOME. The second type of non-printable character 

is for the verbal commands. Commands are entered by  typing F2, followed by the key 

associated with the command. For example, to enter the “Again”  
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command, tab the cursor to the Key Replacement window and type F2, A. The 

following table lists the available verbal commands, which keystrokes enter those 

commands and a description of instruction to VCU. 

 
Table 2 The command description. 
 
 
   Command                  Keystroke        Description 
 
   Again                          F2, A            Cause the key replacement string of the most  
                                                            recently recognized word to be repeated until 
                                                            another utterance is detected by the verbal  
                                                            command. 
   Toggle Speech           F2, G             This command toggles the voice output enable  
                                                            state. If voice output is enable, the Quit, Speak, 
                                                            Echo and Voice command work together to send 
                                                            text to verbal command text-to-speech  
                                                            synthesizer. If voice output is disable, these  
                                                            command have no effect. 
   Rubout                        F2, J              Cause the verbal command to transmit 
                                                            n BACKSPACE characters (ASCII 8). Where 
                                                            n is the length of the command sent for the most             
                                                            recently recognized word. This has the effect of  
                                                            erasing the text of the last command in most  
                                                            programs. If this command is repeated with no 
                                                            other interventing command, a single  
                                                            BACKSPACE is transmitted. 
   Help menu                  F2, M            Causes the verbal command to send the first 36  
                                                            words of the active subvocabulary across the  
                                                            serial port. If the user is using the VKEY    
                                                            program, this command will display a window  
                                                            with the list of active words, thereby aiding the  
                                                            user by displaying available commands. 
   Quit                            F2, Q             This command works in combination with the  
                                                            ECHO, Voice and Speak commands. It indicates 
                                                            the end of the text that is to be placed into the  
                                                            speech synthesis buffer (which was started with  
                                                            the ECHO or Voice command). Note that the  
                                                            text is not spoken until the Speak command is  
                                                            Encountered. 
 
 
 
 
 
 
 



Fac. of Grad. Studies, Mahidol Univ.                                            M.Eng. (Biomedical Engineering) / 19 
 
         
Table 2 The command description. (Cont.) 
 
 
   Command                  Keystroke        Description 
 
   Speak                         F2, S              This command works in combination with the 
                                                            ECHO, Voice and Quit commands. It causes the 
                                                            text currently in the speech synthesis buffer to  
                                                            be spoken by the verbal command’s text-to- 
                                                            speech synthesizer. 
   Echo                           F2, T             Cause the verbal command to place the text that 
                                                            follows this command into the speech synthesis  
                                                            buffer in addition to being transmitted across the  
                                                            serial port to the PC. This continues until either  
                                                            the Speak or Quit command is encountered.                                 
   Voice                          F2, V             Cause the verbal command to place the text that 
                                                            follows this command into the speech synthesis 
                                                            buffer only. This allows the spoken text to be  
                                                            completely independent of the data transmitted  
                                                            across the serial port to the PC. This continues 
                                                            until either the Speak or Quit command is  
                                                            encountered. 
 
  
         In the case of the Next Vocabulary window, there is only one possible non-

printable character: the previous vocabulary specifier (F2, ENTER). Note that when 

the Next Vocabulary field contains the previous vocabulary specifier, it can obtain no 

other data. 

         Importing voice patterns, as set out to create one’s own vocabulary files, the user 

will discover that many vocabularies will use the same words. For examples, many 

vocabularies contain the alphabet and/or the digits 0-9. Since retraining these words in 

a large vocabulary can be very time consuming, the vocabulary editor allows you to 

import voice patterns from other vocabulary files; thereby, eliminating the need to 

train previously trained words. 

         To use this command, one must have the destination file (with the untrained 

words) loaded in the vocabulary editor. Select the Edit/Import Voice patterns 

command (ALT, E, V) and the user will be prompted to select the source file (with the 

already-trained voice patterns) from a list box. The Import Voice Patterns Command 

will compare each spoken word of the source file with each spoken word of the  
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destination file. If a match is found and the source file contains trained voice patterns 

for that word, those voice patterns are copied to the matching word(s) in the 

destination file. The words do not need to match grammatical case, but must match 

spelling exactly character for character. After the Import Voice Patterns command is 

complete, a message box displays how many matches were found. 

         Voice training, once a vocabulary is created, one must train the verbal command 

to understand user’s own voice as the user speaks each word in the spoken word list. 

A new feature of this version of verbal command control program allows the user to 

bypass the training step for words that have already been trained in other vocabularies. 

(See the import voice patterns command described above.) In addition to topics 

discussed here, be sure to view the on line help for additional information about voice 

training. Important topics include Training Parameters that can be modified to 

enhance the training process and/or to solve any training problems. 

         Training a single word, from time to time the user may find he is getting poor 

recognition of a particular word, or find that two words are being confused with each 

other by the verbal command voice. The Single Word train command (ALT, T, W) 

allows the user to train a single word form a vocabulary with the use of Training menu 

in Figures 11 and 12. 

 
   File          Train          Recognition          Speech          Out          Utility          Help 

 

                   Train                                   F5 

                   Update                                F6 

                   Single Word Train       Ctrl-W 

                   Auto Update 

                   Separability   Test 

                   Gain 

                   Training Parameters 

 

   Train current vocabulary (clears many existing voice patterns) 

Figure 11 The Training Program 
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   File          Train          Recognition          Speech          Out          Utility          Help 

 

 

 

Number of training passes : [7...] 

 

 

 

 

   Select vocabulary to be edited <Escape>=Cancel 

 
Figure 12 The Number of Training Passes 

 
         The auto-update command, to get the best possible recognition from the verbal 

command, it is important that each word in a given vocabulary has the same number 

of training passes. The auto-update command insures they do by scanning all of the 

words currently loaded in the verbal command voice and automatically performing the 

correct number of training and/or update passes required. If all words currently loaded 

in the verbal command voice already have an equal number of training passes, the 

auto-update command displays a message box that informs the user of this and shows 

how many training passes each of the words have. Note that the vocabulary editor 

invokes the auto-update command if changes to a vocabulary result in words with a 

mixed number of training passes. 

         Voice recognition, once a vocabulary has been trained with the user’s voice 

patterns, the user will be able to make use of verbal command voice recognition 

features. In addition to the topics discussed here, be sure to review the on-line help for 

additional information about voice recognition. Important topics include recognition 

parameters that can be modified to enhance voice recognition and/or to solve any 

recognition problems. 

         Voice recognition mode is activated form verbal command program and unit by 

selecting the recognition/recognition mode command (ALT, R, R). the verbal  
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command control program’s recognition window displays the data received from the 

verbal command. To close the recognition window and disable recognition mode, 

press ESCAPE. To exit to DOS with recognition still active, press CTRL+F10. 

         Test mode is the train mode (ALT, R, T). It is similar to recognition mode 

except that test mode gives more detailed information regarding the recognized words. 

Test mode can be useful for determining the quality of a trained vocabulary and for 

detecting similar sounding words that could result in ambiguity. 

         While recognition mode as shown in Figure 13 displays the data from the 

recognized word's key replacement field, test mode instead displays the recognized 

spoken word, the runner-up, the recognition scores and whether or not the recognition 

score exceeded the reject threshold. Note that test mode does not use any defined 

subvocabularies and instead leaves the entire vocabulary active. 

 
 
   File          Train          Recognition          Speech          Out          Utility          Help 

 

                                       Recognition Mode            F7 

                                       Test Mode 

                                       Recognition Prarmeters 

 

 

   Enter recognition mode 

 
Figure 13 The Recognition Mode 

 
                   3.2.2 Surgical Robot System 
         The surgical robot have 2 units. The first unit is used to control and hold the 

laparoscope to view inside the patient stomach while the surgeon hands are busy 

manipulating the surgery. The second unit is used to control a retractor for opening the 

cutting area of the body. Please see the Figure 14 for all Surgical Robot System. 

 

 

 

 
 



Fac. of Grad. Studies, Mahidol Univ.                                            M.Eng. (Biomedical Engineering) / 23 

 

                           
VERBAL COMMAND SYSTEM RETRACTOR ROBOT LAPAROSCOPE ROBOT  

Figure 14 Laparoscope and Retractor Units in Surgical Robot System 

 

           The laparoscope unit can move in, out, up, down, turn-left, turn-right and rotate- 

left, rotate –right by the use of  Verbal Command Unit. 

          The retractor unit can only move in, out and up, down by the use of  Verbal 

Command Unit.  

                   3.2.3 Verbal Command Circuit 
 

         The Verbal Command Circuit comprising decoder section, relay section and 

motor section is shown in detail in Figures 15-20 below: 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Verbal Command Circuit 
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Figure 16 Decoder 74HCT138 circuit 
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Figure 17(a) Decoder 74HCT154 circuit 
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Figure 17(b) Decoder 74HCT154 circuit 
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Figure 17(c) Decoder 74HCT154 circuit 
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Figure 17(d) Decoder 74HCT154 circuit 
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Figure 17(e) Decoder 74HCT154 circuit 
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Figure 18(a)  High-Voltage High-Current Darlington Transistior ULN2003AN 

                         circuit 
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Figure 18(b)  High-Voltage High-Current Darlington Transistior ULN2003AN 

                         circuit 
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Figure 18(c)  High-Voltage High-Current Darlington Transistior ULN2003AN 

                         circuit 
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Figure 18(d)  High-Voltage High-Current Darlington Transistior ULN2003AN 

                         circuit 
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Figure 18(e)  High-Voltage High-Current Darlington Transistior ULN2003AN 

                         circuit 
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Figure 19 Motor circuit of Laparoscope Robot 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 Motor circuit of Retractor Robot 
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3.2.1 Verbal Command Table 
 

         The Verbal Command Table in Figure 21 shows all command words and the 

binary digits to control the movement of the robot. 
Spoken Command     Voice Command  as                     Decoder                                                               Action 

Thai       English       shown at monitor   D7 D6 D5 D4 D3 D2 D1 D0                   
 

เร่ิม                 Start                 Robot Start                                         0000                        0000                   Start Up the system, showing Menu at Monitor                          
หยุด               Stop                  Robot Stop                                         0000                        0001                   Ending the command program         
ขึ้น                 Robot up          Robot Up                                           0000                         0010                   Move arm Up          
ลง                  Robot dodwn   Robot Down                                       0000                        0100                   Move arm Down                     
ควงซาย         Robot Left       Collar Rotate CCW                            0000                         1000                  Rotate collar counter-clockwise     
ควงขวา         Robot Right     Collar Rotate CW                              0001                          0000                  Rotate collar clockwise        
กลองขึ้น        Up                    Collar Up                                           0010                         0000                  Move collar holding Laparoscope Up               
กลองลง         Down               Collar Down                                      0100                         0000                  Move collar holding Laparoscope Down                     
กลองซาย       Left                  Collar Left                                         1000                          0000                  Rotate Laparoscope to Left                                   
กลองขวา       Right                Collar Right                                        0000                        0011                   Rotate Laparoscope to Right                             
 

                                          

                                         
 

COLLAR MOVES LEFT & RIGHT 

COLLAR RAISED UP & LOWERED DOWN 

UP-DOWN 

COLLAR ROTATES CCW & CW 

JOY STICK 

 

Figure 21 Verbal Command 
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 3.2.5 Verbal Command Chart              

         The Verbal Command Chart in Figure 22 shows the words of voice command 

and the direction of the movement of the robot. 

 

 

                                                     

                                                          Collar Up        

                                                        

                                                                                                

                                                                                              Collar Rotate CW           

                                                            Robot Up 

   Collar Left                                                                            Collar Right ROBOT 

                                                          Robot Down 
 

 

 

                                                     

                                                        Collar Down   

 

                                                      

Robot 
Start 

 
Robot 
Stop 

                       

                                                                                                Collar Rotate CCW  

 

 

 

 

 

 

 

Figure 22 Verbal Command Chart 
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3.2.6 Set-Up Sequence of Surgical Robot 

            The set-up sequence of Surgical Robot is divided for 2 functions. First is 

set-up sequence for Retractor Robot. Second is set-up sequence for Laparoscope 

Robot.   

          Set-Up Sequence for Retractor Robot 

          STEP 1 Position the arm 

              Mount on the table rail or place the unit near the table, Control the position  

              by pressing the button Up, Down, Check that the arm is secured. 

          STEP 2 Put retractor arm in the operating position. 

          STEP 3 Drop the system. 

          STEP 4 Attach retractor, either Richardson or Dever. 

          STEP 5 Press button left or right to move the retractor to the left hand side or  

              right hand side. 

Note that: STEP1 AND STEP2 must be done before sterile process. 

 

Set-Up Sequence for Laparoscope Robot 

          STEP 1 Position the arm 

              Mount on the table rail or place the units near the table, Check position by  

              pressing the button Up, Down, Check that the arm is secured. 

          STEP 2 Put the Laparoscope arm in operating position. 

          STEP 3 Drop the system. 

          STEP 4 Attach Laparoscope collar and collar holder. 

          STEP 5 Enable Voice control System. 

Note that: STEP 1 and STEP 2 must be done before sterile process. 

 

3.2.7 Train and test Robot with Voice Control System 

          STEP1 Turn on the system and enable Voice Control Interface 

              Adjust headset and clip, Turn on the Voice Control System, Turn on the PC  

              Auto open program. 
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          STEP 2 Train and test with Recognition Mode 

              Train the user voice at least 5 times or more, Save the voice pattern in the file  

              name as you want in the hard-disk, Go to Recognition Mode (Move the robot  

              before operation and check the voice command.), Error or not clear of the            

              voice command will go to STEP 1 again. 
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(b) Thai Voice Command 

Figure 23 Reliability Index of Voice Command 

          Reliability Index = Number of Success / Number of Command Inputs is plotted 

for both English and Thai as shown above in Figure 23 for each Voice Command 

Training pass. 
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         3.3TEST AND EVALUATION  

 
     The Surgical Robot System was tested with the author’s own voice for the 

commands given separately to the Laparoscope Unit and the Retractor Unit as 

follows: 

              3.3.1 Test of Laparoscope Unit 

     The Laparoscope Unit as shown in Figure 24 was tested with the following 

voice commands: 

     Robot Start : To start up the Robot System with Menu shown at the Monitor. 

     Robot Up/Down Command : To lift or lower the Laparoscope arm to the level 

required to manipulated the Laparoscope into the patient’s opening. 

            

 

 

 

 

 

 

Figure 24 Laparoscope Robot position   

            The Laparoscope was assumed attached to the Robot Collar and then inserted 

into the patient’s opening. The Robot Collar with the Laparoscope was then inserted 

into the axis of Collar Motor, which was then subjected to the following Voice 

Commands: 

         Collar Up/Down  and Collar Left/Right :  To direct the Laparoscope into the 

desired direction for viewing inside the patient’s organ.             

         Collar Rotate CCW/ CW : To rotate the Laparoscope counter-clockwise or 

clockwise as required to examine the patient’s organ in detail. 
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          Robot stop : To end the command program.    

            The overall responses to the above 10 Voice Commands were shown to perform 

as stated in the Verbal Command Table in Figure 21. 

                    3.3.2 Test of Retractor Unit 

           The Retractor Unit as shown in Figure 25 was tested for its ability to be raised 

up or lowered down by pressing the                   switch or the                    switch (see   
Figure 4 for switch positions), respectively. 

          The             and               switches were tested for the R

out the cut or the patient’s openning and to make the 

respectively. 

           

 

 

 

 

 

 

 

 

                                     Figure 25 Retractor Robot position 
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CHAPTER IV 
RESULTS AND DISCUSSION 

 
 
           Results of functional tests as performed in  Chapter III for Laparoscope Unit and 

for Retractor Unit are tabulated in Tables 3 and 4 below. 
 

       VERBAL  COMMAND                       ACTION                   RESPONSE               DESIGN 

ENGLISH                  THAI                                                                                        SPECIFICATION                      

START                    เริ่ม                System starts            immediate                       - 

STOP                       หยุด              Movement stops       immediate                      - 

ROBOT UP              ขึ้น               Robot moves up       19.0 mm/s                  20 mm/s   

ROBOT DOWN        ลง           Robot moves down     19.5 mm/s                   20 mm/s 

ROBOT LEFT        ควงซาย     Collar rotates CCW     5.5 mm/s                     5 mm/s     

ROBOT RIGHT      ควงขวา     Collar rotates CW       5.5 mm/s                     5 mm/s   

UP                           กลองขึ้น    Collar raised up           4.5 mm/s                     5 mm/s   

DOWN                     กลองลง   Collar lowered down   5.5 mm/s                     5 mm/s 

LEFT                       กลองซาย  Collar moves left         4.5 mm/s                     5 mm/s 

RIGHT                     กลองขวา Collar moves right       4.5 mm/s                     5 mm/s     

 

Table 3 Test Results of Laparoscope Unit 
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         It was noted that robot responsed move readily to the verbal commands in 

English language when compared to the Thai verbal commands, most likely due to the 

fact that the Verbal Command Unit (Micro Intro Voice II) was primarily designed 

appropriately to the English-spoken words. 

 

 FOOTSWITCH              ACTION                  RESPONSE                    DESIGN 

 COMMAND                                                                                      SPECIFICATION       

 

Press                       Arms moved left              2-3 mm/s                     5 mm/s                          

Press                      Arms moved right             2-3 mm/s                      5 mm/s                         

Press                      Arms raised up                19.0 mm/s                   20 mm/s   

Press                      Arms lowered down        20.5 mm/s                   20 mm/s 

 

Table 4 Test Results of Retractor Arms Unit 

 

           The overall performances of the Verbal Command Robot so constructed for the 

controlling of a Laparoscope in aid of surgery were evaluated as fairly satisfactory in 

compliance with the design concept per project objectives and scope as stated in 

Paragraphs 1.2, 1.4. The work, although needed to improve on the speed of arms 

movement, can be regarded as satisfactory at the level of a prototype design. 

         The prototype system can be developed in future with the use of micro-circuitry 

technology in hardware construction for it to be compact and more convenient to 

handle. The software program can also be expanded to cover various other functions 

via the use of Expanded 32 ports which are spare communications ports at present. 

         Some features that need attention are suggested in principle for future 

developments of this prototype robot into a more practical and effective system as 

follows: 
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           (i) Verbal Commands “Rotate Left / ควงซาย” and “ Rotate Right / ควงขวา “ in 

Table 3 should be replaced by “ Out / ออก “ for “Scope moved out” action and “ in/ 

เขา“ for “Scope moved in”, respectively, in order to utilize the robot move effectively 

and more appropriately to the task. 

         (ii) Verbal Command Unit should be selected to respond better to Thai-spoken 

words, especially those involving some specific Thai vowels as in “ ขึ้น “, and “ หยุด “. 

This may not be necessary if verbal commands in English are quite acceptable in 

practice. 

         (iii) Movements of the Laparoscope based on Kinematics are likely to be 

improved if designed on the principle of Reverse Kinematics (24).  

         (iv) Speeds of robotics responses as fixed for various commands in the prototype 

design may be advantageously made changeable to various values as required by the 

use of variable-speed, Pulse Width Modulated (75). 

         (v) Micro-circuitry would be desirable if a more compact system is desired, 

together with additional functions that can be catered for through the expanded 32 

ports still available for future use. 

         Moreover, since safety is an obvious concern for surgical robotics(4), regulatory 

agencies require that the safety be addressed for every clinical implementation. As 

with most complex computer controlled system, there is no accepted technique that 

can guarantee safety for all systems in every circumstance (5), (6). Various robotic 

systems approach the problem in different ways. One common technique is to include 

passive   and  active  safety  mechanisms  in  the  mechanical  design  of  manipulator.             

Moreover, a good autonomous mode of controlling a medical tool requires a 

meticulous consideration of man-machine interaction(7). 

         If this prototype system, so constructed and tested, is to be developed into a 

workable medical tool, it must meet the Food and Drug Authority’s requirements by 

including the ease in man-machine manipulation and the safety feature as previously 

discussed. 
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APPENDICES 
APPENDIX A 

 
APPLICATION OF VISUAL TRACKING FOR ROBOT-ASSISTED LAPARO- 
 
SCOPIC SURGERY 

 
       Medical robotics and computer assisted surgery are new and promising fields of 

study, which aim to augment the capabilities of surgeons by taking the best from robots 

and humans. 

       In joint project between the Robotics and Intelligent Machines Laboratory of 

University of California at Berkeley, and the Department of Surgery of University of 

California at San Fransisco, a telesurgical workstation is being developed for use in 

laparoscopic surgery. The current design is a 6 DOF manipulator instrumented with a 

gripper controlled by a 6 DOF master manipulator. 

       Research on medical robotics at UC Berkeley includes (but is not limited to) the 

development of an endoscopic manipulator, early designs of millirobotic manipulators for 

laparoscopy, and studies on tactile sensing.  

       Laparoscopic surgery, or more generally endoscopic surgery, is a revolutionary 

techniqueinsurgery. They are minimally invasive, i.e. the operation is performed with 

instruments inserted through small incisions (~10 mm in diameter) rather than by making 

a large incision to expose the operation site. The main advantage of this technique is the 

reduced trauma to healthy tissue, which is the major reason for post-operational pain and 

long hospital stay of the patient. The hospital stay and rest periods, and therefore the 

operations' cost, are significantly reduced with minimally invasive operations, at the 

expense of more difficult techniques performed by the surgeon. 
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Figure A   4 DOF available in conventional laparoscopic instruments 

           Mainimally invasive operations include laparoscopy (abdominal cavity), 

thoracoscopy (chest cavity), arthroscopy (joints), pelviscopy (pelvis), and angioscopy 

(blood vessels). The first laparoscopic surgery was performed in 1985 by Muhe in (West) 

Germany. In the last decade, there was a quick shift from open surgery to laparoscopic 

surgery in simple operations, the most dramatic one being cholecystectomy (removal of 

gallbladder), of which 67 % were performed laparoscopically in the US in 1993.  

In laparoscopic surgery, the abdominal cavity, which is expanded by pumping carbon 

dioxide inside to open a workspace, is observed with a laparoscope inserted through one 

of the incisions. The laparoscope it self is composed of a chain of lens optics to transmit 

the image of the operation site to the CCD camera connected to its outer end, and fiber 

optic cables to carry light to illuminate inside. A monoscopic image of the operation site 

is displayed on a TV screen. The instruments used for the operation are specially 

designed long and thin instruments and they are inserted through trocars put at the 

incision to air seal the abdomen. The instruments have only 4 DOF (see figure A), 

preventing the ability to arbitrarily orient the instrument tip, and trigger-like handles. The 

dexterity is significantly reduced because of the lost DOF's and motion reversal due to the 

fulcrum at the entry point 
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Motion reversal due to the fulcrum at the entry point. Force feedback is almost 

completely lost due to the friction at the air tight trocar and the stiffness of the inflated 

abdominal wall. There is no tactile sensation at all, which surgeons highly depend on in 

open surgery to locate arteries and tumors hidden in the tissue. 

           Minimally invasive surgery itself is telemanipulation as the surgeon is physically 

separated from the workspace. Therefore, telerobotics is the natural tool to extend 

capabilities in laparoscopic surgery. With the telesurgical workstation developed, the goal 

is to replace the manipulation and sensation capabilities of the surgeon which were lost 

due to minimally invasive surgery. A 6 DOF slave manipulator controlled through a 

spatially consistent and intuitive master will replace the dexterity, force feedback to the 

master will give back the fidelity of the manipulation, and tactile feedback will replace 

lost tactile sensation.  

           Other work in the literature on telesurgical systems for abdominal surgery include 

the telesurgical system for open surgery with 4 DOF manipulators developed at SRI 

International (laparoscopic version is also being developed), the telerobotic assistant for 

laparoscopic surgery developed by Tayloret.al., and the telesurgery experiments 

performed between JPL, California and Polytechnic University of Milan, Italy, and 

between Nagoya and Tokyo in Japan.  

           There are other successful medical applications of robotics including systems for 

orthopedic surgery, micro-surgery and stereotactic neurosurgery, eyesurgery, and 

radiotherapy.  
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Figure 2.1:  Slave manipulator of the Berkeley / UCSF laparoscopic workstation

Reflecting joystick (Immersion Impulse Engine 3000) with 3 actuated axes is

equipped with an additional 2 DOF  (one actuated) and stylus handle. There are

position measurements in all 6 joints and the 4 actuated joints give force feedback in

trauslational directions and the roll axis, where the force is important while driving a

needle through tissue. (See figures 2.2 and 2.3) 
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Figure 2.2: Master manipulator of the Berkeley / UCSF laparoscopic workstation 

Figure 2.3: Close-up view of the master manipulator 
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