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ABSTRACT 

This paper presents the development of a new single port surgery robot, Plat spring driven mech-

anism equipped robot for single port LAparoscopic Surgery (PLAS), with plate spring driven mechanism. 

Recently, the number of single port laparoscopic surgery (SILS) that can easily conceal postoperative scars 

is increasing, and robotic SILS platforms are being developed for solving inconvenient maneuverability of 

manual SILS. However, the drive mechanism of most robotic SILS platforms existing consists of wire, 

therefore cannot afford to deliver sufficient force, and the wire is mechanically deformed, thus causing 

negative effects on movement accuracy. Due to this limitation, a precious operation cannot be conducted  

by using conventional robotic SILS platforms. Accuracy and force are reduced as the workspace is ex-

panding. The purpose of proposed robot is to increase tissue handling force of forceps by using plate 

spring driven mechanism, and to conduct more stable and precious operations in an expanded area. Eval-

uations of PLAS were performed and its feasibility as a new effective robotic SILS platform was proved  

Keywords: Plate spring driven mechanism, SILS, laparoscopic surgery, robotic SILS platform,  
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I. INTRODUCTION 

1.1 Introduction to Single Incision Laparoscopic Surgery (SILS) 

Medical technology of modern world has been increasingly advanced with help of engineering. 

For example, developments of camera technology enable surgeons to build laparoscopic surgeries in which 

they can observe diseased spots by inserting a laparoscope through a tiny hole and conduct operations with 

laparoscopic forceps. Unlike traditional open surgery, laparoscopic surgery is  an operation in which three 

or four tiny holes with 10~15mm are made in abdominal area, and the abdominal cavity is inflated by in-

jecting carbon dioxide, and therein, a laparoscope and other medical instruments are put in for an oper a-

tion. Benefits of this method are that postoperative scars are small enough, compared with an open surgery, 

which results in enhanced cosmesis, and that the period of recovery is shorter and postoperative pain is 

much less for patients. Moreover, complications and sequelas along with operations are much under con-

trol [1]. 

Constant efforts to reduce incisions size in operations have been made. Transition is made from 

initial open surgery to laparoscopic surgery, which is now widely used for operations. And the concern 
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with NOTES and SILS as the next generation of laparoscopic surgery has been growing. NOTES is a non-

invasive surgery, where either stomach or large intestine is perforated after a robot is in serted through ei-

ther mouth or anal passage of patients, after which a diseased area is approached. However, there are sev-

eral problems to solve, so some of difficulties are had in clinical trials [2, 3, 4]. Compared to this, SILS is 

a feasible operating method [5, 6], using specialized instruments, and particularly for the case of SILS us-

ing navel, it is getting popular for minimizing incision area. 

The first single port surgery was reported by Esposito C [7]. In 1998, and initial SILS had tech-

nical limits because traditional laparoscopic instruments were used. Yet, constant research has been on-

going, and instruments for SILS as Shown on figure 1, 2 [8], and as a result, it was considered as a substi-

tute for conventional laparoscopic surgery [5, 6]. 

 

Figure 1. HiQ LS Curved Ø  5 mm Hand Instruments,  http://www.olympus-global.com 
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Figure 2. SILS™ Hand InstrumentsSILS™,  http://www.covidien.com/ 

Rapidly spread is SILS where an operation is conducted with the only one port instead of three to 

four ports. SILS is an operation in which an incision with the size of 15~20mm around the navel is made 

and abdominal cavity is inflated with CO2 and then laparoscope and medical instruments are inserted to-

gether for the operation. A postoperative scar is invisible since this operation is  conducted in a navel area, 

which is natural orifice of the body [9], and the convalescence is short. Not conducting open surgery also 

reduces the stress of patients that might come along with the operation, from which immune system is less 

damaged [1]. Therefore, this operation is getting popular for people who are interested in body appearance 

and for parents with children who are going to have surgery. This operating technique is evolving into ot h-

er different operations. For now, the possible operations with SILS are cholecystectomy, appendectomy, 

hysterectomy, tubal ligation, ovarian cystectomy, nephrectomy, partial nephrectomy[10], ureterolithotomy 

[11], prostatectomy, and especially widely used in gynecology. 
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However, surgeons are reluctant to conduct SILS because it has some technical challenges. One 

of the biggest problems of SILS is counter-intuitive operation, which might happen because operations are 

conducted by the only one port with forceps intersected like ‘X’, where Surgeon might have confu sing 

sense of direction for left and right hand. A great deal of training is needed to overcome confusing sense of 

direction, and also a high level concentration and longtime are required for surgeon to conduct operations 

without medical instruments’ physically crashed each other [12, 13, 14]. In addition, surgeon’s visibility is 

likely to decrease because laparoscope and other medical instruments are located in one line [1]. Due to 

this problem, Surgeons have difficulties securing clear view and manipulating surgical instruments.  

To breakthrough this obstacle, a lot of manual instruments such as figure 1 and 2 for SILS have 

been developed to overcome these problems but the result was so far not effective. A simple example for 

this is pre articulated forceps of Olympus. However, this product is not available for high level operations 

due to its limited workspace. 
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1.2 Previous researches of robotic SILS 

There were efforts to solve problems of SILS with robots. Robotic SILS can easily solve the 

problem of the counter-intuitive operation and quickly and easily conduct delicate surgery with precise 

control, in most cases. However, these efforts face difficulties in being developed owing to structural li m-

its that force should be delivered through small-sized-port. Despite this obstacle, researches are preceding 

in several labs in that the usage of robot system is more feasible for operators to easily conduct the surgery, 

solving problem of robotic SILS. 

 

Figure 3. Type of robotic SILS platform; X-type (left), Y-type (right) 

The types of Robotic SILS are divided into X and Y type. Robotic SILS of X type is to use mo-

torized laparoscopic forceps such as when using laparoscopic forceps for SILS with intersection. This type 

Abdominal wall 

Forceps 

Port 
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also makes same triangulation making the counter intuitive problem of SILS, but it has a slave system 

which is a controller switched left and right [15]. The examples of X type are using da Vinci and da Vinci 

S not Si [12] and a master-slave robot system for SILS developed by Dr. Yuki Horise (Osaka University, 

Japan) [16]. X-type SILS robot has enough force to conduct operation. However, these kinds of robots oc-

casionally has external collisions between arms while conducting operations because da Vinci surgical 

system is originally developed for multiport laparoscopic surgery so it has too long and big arms to co n-

duct SILS [12]. Another disadvantage is its bulky hardware size because a laparoscope and two forceps 

devices should be attached to three serial robots, which is like da Vinci robots. This weakness cannot be 

easily ignored concerning operating robots. Operating room needs the minimization of medical devices in 

size-wise since the room is already full of complex devices. This weakness also leads to inconvenience 

when converting to open surgery in an emergency situation while conducting operations. While X type 

robot has an intersected structure with each laparoscopic forceps, Y-type SILS robot has two state which 

are ‘I’ and ‘Y’. Its initial state is ‘I’ for insertion to one small incision  such as figure 4. After insertion, two 

forceps are spread to ‘Y’ shape from ‘I’ shape, and thereby easi ly control tissues without collisions be-

tween forceps. In this type, minimization is available because a laparoscope and two forceps don’t have to 

be attached to three serial robots, and manipulation is highly secured compared to the X-type robots. 

http://endic.naver.com/search.nhn?query=occasionally
http://endic.naver.com/search.nhn?query=occasionally
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Figure 4. Folded state for insertion and unfolded state after insertion of Y-type SILS robot 

 

Among Y-type SILS robots are SPIDER surgical system (TransEnterix, Morrisville, NC, USA), 

IREP(Columbia University New York, US) and SPRINT(Scuola Superiore Sant’Anna, Pisa, Italy), etc, 

which is considered to be an ideal SILS platform. 

1.3  Advantages and disadvantages of current SILS robots 

A representative of SILS robot is a SPIDER used in clinical trial after getting approved by FDA 

[17]. SPIDER surgical system has a substantially small size and is easy to learn because of its simple co n-

trol. Forceps needed is inserted to flexible channel and moved, and then the wire connected to handles is 

Access port 

Abdominal wall 

Before insertion 

: ‘I’ shape 

After insertion 

: ‘Y’ shape 
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given tension, which makes the edge of forceps move as wanted. Moreover, the exchange of operating in-

struments is rapidly conducted through two flexible channels, and necessary medical aids such as suction 

tubes and camera can be inserted through two rigid ports. But, the convenience of manipulation is not 

good since it is a passive robot, and force-delivering-wire cannot fully support payloads for normal surgery, 

only limited range of operations such as gastric band and gastric sleeve surgeries are possible, not taking 

too much load.  

 

Figure 5. SPIDER®  Surgical System, www.transenterix.com 

IREP developed in Colombia University is a snake-like continuum robot with 14 degrees of free-

dom [18]. Its movement is quite sophisticated, and can afford the operation where it can be inserted 

through between ribs as well as navel since it is one of the slimmest in size among Y type SILS robots. 

Moreover, surgeons feel perspective during the operations, because 3D camera is attached. However, its 

speed is slow and force (2 N) is weak in conducting general operation [18]. 
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SPRINT being developed in Pisa University in Italy shows the strongest force among Y type 

SILS robots. This robot with 6 degrees of freedom in each arm does not use wires in delivering force un-

like other operating robots. Also, Motors are included inside arm, and its force is stable because the force 

is directly delivered by mechanical gears [19]. The weakness of this robot is that the diameter of an arm is 

thick, since motors and gears are installed inside of robot’s arm. Because of this reason, diameter of intr o-

ducer such as trocars is 34mm [19], which is relatively large to use is for clinical operations. In an upgrad-

ed version of this robot, minimization is said to be available because of minimized gear, using CNC tec h-

nique. However, when using this robot with electrosurgery, it might have electric shock Hazards in patients 

during an operation, since electric wires for motors are place inside of the arm and its electric insulation 

can be easily damaged at articulated and rotational joints. 

Other examples of SILS robots are Stackable 4-BAR Manipulators for SILS [20] and a SILS ro-

bot using Flexible Shaft being developed which can bring out substantial force without using wires [21, 

22], but have limited manipulation and limited degrees of freedom, needed for an operation.  

  



- 10 - 

1.4 Plate spring driven mechanism. 

The biggest problem based on the analysis of SILS is that its volume is small and it doesn’t have 

appropriate force delivering device that should deliver force for the operation. Volume of drive mechanism 

and force are trade-off relationship, so the bigger force become, the larger the volume of mechanism gets. 

The smaller volume of drive mechanism becomes, the more reduced the output force become. Mechanical 

gear and wires can be taken as examples. Gear can deliver a big force using gear ratio, but its size is large, 

which leads to expanding the volume of arms of robots. Wires (Ø 0.2~0.8mm) that can be used in activat-

ing operation robots have small volume in its size, but its stiffness is so low that it cannot deliver enough 

force. In order to decide on effective force delivering device, it is important to build up an appropriate 

mechanism that can contribute to appropriate size and force based on trade-off relationship. In this study 

plate spring driven mechanism satisfying this condition was developed, and a principle of plate spring 

driven mechanism is as following.  

Plate spring can afford to deliver tension such as wires. Yet, in case that compression is added, 

compressive force is absorbed to elasticity energy due to buckling, and thus it is not able to deliver the 

force to the end of the opposite side. In this situation, if a guide preventing buckling in both sides of spring 
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is installed such as figure 6, compressive force does not become absorbed to elastic energy and therefore 

plate spring comes to deliver the compressive force. Hence, plate spring driven mechanism can deliver  not 

only tension unlike wires but compressive force at the same time shown in figure 8. Also, since it does not 

need a structure for rewinding like wires, simple structure is provided, and the more force can be delivered 

as cross sectional area is widened. Moreover, plate spring driven mechanism only needs a guide while pul-

ley should be established in a curve area in a wire operation. 

 

Figure 6. An example of buckling and preventing buckling 

 

Figure 7. Concept of plate spring driven mechanism 

Force 

Guide 

for preventing 
buckling 
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Figure 8. Comparison of wire & plate spring driven mechanism 

 

     

Figure 9. Example of applying plate spring driven mechanism at PLAS 

 

The weakness of this mechanism is as following. When plate spring is passing a curve area, if a radius 

of rotation in a curve is so small, resistance severely takes place, and plate spring causes plastic deformation. 

Continuously repeated weight in this situation raises the change of surface structure of deformed spot, thus 

bringing out fatigue fracture. And, lubrication and elaborate surface processing of guides and plate spring are 

needed in order to minimize the friction because spring contacts with a surface of guides which are to hinder 

buckling. In this study, plate spring driven mechanism is applied to only one joint needing most torque, and the 

Plate springs 
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joint and form installed are well explained in the next mechanism chapter. 

1.5 Research contents and goals 

In this study, a more effective robotic SILS platform is meant to be manufactured, adopting 

strong points and solving weaknesses based on the considerations of currently developed SILS robots [15]. 

One of the most important factors in developing operating robots needs not only engineering approach for 

performance but also a deep understanding of body in medical view. First, requests and opinions of su r-

geon who would use surgical robots should be actively accepted. Second, Errors coming from misunde r-

standing in developing robots should be prevented by easily explaining technical parts to doctors so that 

they can be well understood. In order to develop robots suggested in this study, a close look about SILS is 

taken, and the amounts of payloads needed for operations are measured. Next, strong and weak points of 

existing SILS robots are assessed and common problems are taken into account. Afterwards, concepts, 

overcoming these problems are devised and applied to a robot design, adding opinions of surgeons. As a 

solution, principles and advantages of plate spring mechanism designed in this study are described, and the 

utility of plate spring mechanism is verified, assessing performance of SILS robot.  

The goal of this study lies in developing a surgical robot platform that can effectively conduct single 
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port surgeries based on a deep understanding of SILS and cooperation with surgeons and the purpose of this 

study is increasing a performance, stabilizing operations through constant trials. 
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II. DESIGN 

2.1 Ideal robotic SILS platform 

To develop effective robotic SILS platform, the essential points of the ideal robotic SILS platform 

have been gathered by considering conventional and robotic SILS. First one is diameter of SILS robot’s 

should be as small as much of 2~2.5cm in diameter of a tiny access port. However, in cases of SILS robots 

which have small diameter, actuators are installed at the back so as to minimize a diameter of robots, and 

forces are delivered to the end of forceps by passing devices such as wires. Wires can easily move though 

round areas such as joints because of its flexibility, but it stiffness not enough for surgical operations. As 

an example of da Vinci surgical system, the use of wire-driven-forceps is restricted to 10 ten times to se-

cure accuracy of the robot. Secondly, they should have enough force, which is approximately 10N for op-

erations. Usually, robots which have enough force are too big to be inserted in the umbilical access port 

because that these kinds of robots have mechanical gears, rigid links as drive mechanisms that may cause 

bulky size of SILS robots. Thirdly, an appropriate structure of SILS robot is Y shape to conduct single port 

surgeries to avoid collisions between arms. Fourthly, Y type SILS robots should have six degrees of free-

dom or more so that operations should be smoothly conducted. Its organization of six DOF is four DOF for 
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conventional laparoscopic forceps, one DOF which is needed to transform between ‘I’ shape for insertion 

and ‘Y’ shape for operation, and another one DOF of prismatic joint, specially devised in this study. Fifth-

ly, during operations, many kinds of surgical instruments are needed so SILS robot should have a conven-

ient structure to exchange instruments needed. Finally, safety design should be considered. For an example, 

manufacturing surgical robots with an actuator inside of its arms which is inserted to patients’ body had 

better be avoided for electric safety. Particularly, risk of electronic hazard is getting increased in opera-

tions when going abreast with electro-surgery.  
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2.2 New robotic SILS platform 

 

 

Figure 10. PLAS 

 An effective robotic SILS platform, PLAS (Plat spring driven mechanism equipped robot for sin-

gle port LAparoscopic surgery), has been developed based on the ideal robotic SILS given above. I have 

tried to accommodate essential points of the ideal robotic SILS for development of the robot, but some 

points have not been accommodate. First one, the diameter (33mm) of PLAS’s main stem is larger than 

ideal diameter (20~30mm) due to production costs. Originally, a body material of the proposed robot was 

stainless steel, but its processing cost was high. So, it was replaced by aluminum of which the processing 

cost is relatively low. However, since stiffness of the material property of aluminum is not strong enough 

to be applied to its initial design, a length of diameter of main stem expands to Ø 33mm.  33mm-length of 
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main stem is relatively thick as SILS platform, but real bodies are not used in this study, and the length of 

diameter of SPINT developed by a leading group of this field is also 34mm [19]. And because proving the 

efficiency of plate spring driven mechanism is a more important goal, modification of design was tried.   

Second, wires were used in order to activate tilting joint. At first, the usage of wire was not deeply consi d-

ered to deliver a strong force, but wires are used so as to reduce manufacture cost. Third, it is not designed 

to be a structure where medical instruments can be replaced. The reason is to reduce the cost of instru-

ments and the tool was made fixed. Besides, conditions of ideal SILS platform mentioned  previously were 

applied to platform.  

2.1.1 Force requirement 

C. Richards et al. report that the force range of tool-tip is ±20N while dissecting the gallbladder 

fossae during laparoscopic cholecystectomy [23]. M. Lazeroms et al. suggested that ±10N is required for 

laparoscopic surgery [24]. But, any conventional robotic SILS platforms don’t have as much force as nec-

essary. Only SPRINT equipped with mechanical gears could take as much as 5N [19]. IREP which has 

wire driven mechanism could handle less than 2 N [18]. The force range of SPIDER surgery system 

equipped with wire driven mechanism has not been reported yet, but every operational maneuver per-
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formed with difficulty because of a lack of strength [17]. Although the FDA approved SPIDER surgery 

system but it is rarely used. To handle more strong force, currently developed robotic SILS platforms 

adopt gears and screw while avoiding wires [19, 22]. In PLAS case, plate spring driven mechanism is 

adopted to handle sufficient force. In this paper, force requirement is 10N. 

2.1.2 Considerations on work space and degree of freedom 

In deciding on the range of operation and the length of arms, following process was referred. Ex-

pressed are the size of inside of abdominal cavity and every organ that are insufflated by CO2, usin g 3D 

modeling program so that it can cover every single operation. The anatomical size of the inside of ab-

dominal cavity insufflated depends on the amount of CO2 injected. The size of a body is modeled accord-

ing to the size of an average body of adults such as figure 11, and the amount of CO2 injected is decided to 

3000cm
3
 that is average amount in laparoscopic operation such as figure 11. A length of main stem is decid-

ed based on the access to every abdominal organ after inserting robot imitation to the spot of navel of modeled 

body such as figure 9. The length of the arm is also decided to the size where each abdominal organ is effec-

tively caught.  
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Figure 11. Volume of CO2 for SILS 

 

 

   

Figure 12. Modeling of abdominal cavity 

 

110m
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Figure 13. Length decision of arm and main stem 

PLAS is dual arm robot with six DOF per arm. The structure is as following. It consists of 4 DOF 

of general manual forceps shown on figure 14, 1 DOF needed when the Y-type robot is folded to ‘I’ shape, 

and 1 DOF of prismatic joint, specially devised for proposed robotic SILS platform such as figure 15.  

 

Figure 14. Normal Forceps have 4DOF 

Usually, Y-type SILS robots are not appropriate in dealing with relatively large organs such as 
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liver, intestine in that the starting point of two arms is fixed differently from manual SILS and X-type 

SILS robots which have a long stroke between the end of the laparoscopic forceps. In order to solve this 

problem, long stroke is secured with separating the starting point of two arms of Y-type robot and in-

stalling the long prismatic joint shown in figure 15. 

 

Figure 15. Y-type SILS robot with an additioinal prismatic joint 

 

 

 

Figure 16. Comparison of work space according to robot's type 

  

Prismatic joint 

X-type                            Y-type               X-type with prismatic joint 

Abdominal wall 

Work space 
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2.3 Mechanical implementation of joints 

Proposed robot platform developed through this study are divided to two parts: one is a surgery 

part, conducting operations, with being inserted to the body of patients, and the other is an actuation part, 

delivering forces to the surgery part such as figure 17. The surgery part consists of a main stem and two 

arms for operation.  

 

Figure 17. The structure of SILS robot, Surgery part and Actuation part 

 

 

Actuation Part 

Surgery Part 
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Figure 18. The main stem and arms of surgery part. 

 

The cylindrical main stem is passage of the plate springs and wires that deliver forces from actua-

tion parts to arms. Outer shape is designed in a circle shape in order to be compatible with trocars which are 

introducers for the subsequent placement of surgical instruments without CO 2 leak such as figure 19. 

 

Figure 19. Cross-section diagram of the main stem 
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Each arm of the surgery part has 6 DOF and one gripper, and each motor which controls each 

joint is as shown on figure 20. 

 

Figure 20. A structure of degrees of freedom, *L: left 

 

 

Figure 21. Motors of the actuation part, *L: left, *R: right 

  

*L-Joint-1 

L-Joint-2 

L-Joint-3 

L-Joint-4 

L-Joint-5 

L-Joint-6 

*L-Motor-1 L-Motor-5 L-Motor-7 L-Motor-6 L-Motor-4 L-Motor-3 L-Motor-2 

*R-Motor-1 R-Motor-5 R-Motor-7 R-Motor-6 R-Motor-4 R-Motor-3 R-Motor-2 
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Table 1. Relation of joints and motors 

Joint i connected Motor i 

L-Joint-1 L-Motor-1 

L-Joint-2 L-Motor-2 

L-Joint-3 L-Motor-3 

L-Joint-4 L-Motor-4 

L-Joint-5 L-Motor-5 

L-Joint-6 L-Motor-6 

L-grasper joint L-Motor-7 

R-Joint-1 R-Motor-1 

R-Joint-2 R-Motor-2 

R-Joint-3 R-Motor-3 

R-Joint-4 R-Motor-4 

R-Joint-5 R-Motor-5 

R-Joint-6 R-Motor-6 

R-Grasper joint R-Motor-7 

 

Stepping L-Motor-1 activates prismatic Joint-1, playing a role of making the whole arm advance 

like a below Figure 22. When stepping L-Motor-1 is doing backlashing, a timing belt transmits this rotat-

ing movement to ball screw, which makes the whole arm move forward. Then, a linear guide is used in 

order to secure linearity. The maximum stroke of prismatic Joint-1 is 215mm.  
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Figure 23. Ball screw, activating stepping L-Motor-1 and LM guide, securing linearity 

Servo L-Motor-2 motivates rotational Joint--2, playing a role of folding and spreading arms 

shown as figure 24. The process of movement is as followings. When L-Motor-2 is doing CW rotation, crank 

pushes slider advance, and a link connected to slider pushes a lever, and forceps becomes parallel. As a 

215mm 

 

 

L-Motor-1 

Figure 22. Prismatic Joint 1 stroke moved by stepping L-Motor 1 
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contrast, when L-Motor-2 is doing CCW rotation, the arm is unfolding such as figure 26. At this point, the 

maximum spread angle is 80 degrees.  

 

Figure 24. The position of L-Motor-2 and rotational Joint-2 

 

 

Figure 25. CCW rotation of L-Motor-2      

 

 

Figure 26. Unfolding state of arm by CCW rotation of 

L-Motor-2 

 

 

Figure 27. CW rotation of L-Motor-2 

 

 

Figure 28. Folding state of arm by CW rotation of L-

Motor-2 

Servo L-Motor--3 activates rotational Joint-3, and decides on the Yaw direction movement of 

 

L-Motor 2 
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forceps. Order of operation is as following. When L-Motor-3 is rotating to a direction of CW, it pulls 

spring and come to pull lever-2 connected to joint-3 shown in figure 30. Therefore, forceps become folded 

such as figure 30. When L-Motor-3 is rotating to a direction CCW, forceps are unfolded shown as figure 

31. At this point, the maximum spread angle is 110 degrees.  

 

Figure 29. Position of L-Motor 3 and rotational L-Joint 3 

       

Figure 30. CW rotation of L-Motor-3 and folding of forceps 

L-Motor 3 

Lever-2 
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Figure 31. CCW rotation of L-Motor-3 and unfolding of forceps 

 

L-Motor-4 initiates rotational Joint-4, and the process is such as figure 32. If L-Motor-4 is rotat-

ing to a direction of CCW, connected wires pull up over forceps. As a contrast, when L-Motor-4 rotates to 

a direction of CW, rotating forceps are moving downwards. At this point, degrees of tilting is ±45º 

 

Figure 32. Position of L-Motor-4 and rotational Joint-4 

  

 

L-Motor-4 
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Figure 33. An example of L-Motor-4 and rotational Joint-4 tilting 

L-Motor 5 activates prismatic Joint-5, playing a role of moving forceps forwards and backwards. 

A principle of activation is as below. When L-Motor-5 is rotating CCW, it spins a ball screw connected to 

flexible coupling, moving forceps forwards as the ball screw converts rotation movement to a straight line 

motion. When L-Motor-5 is doing CW rotation, as a contrast, forceps move backwards. At this point, the 

maximum stroke is 35mm.  

 

Figure 34. Position of L-Motor-5 and amounts of stoke of prismatic Joint-5 
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Figure 35. The ball screw activated by L-Motor-3, and LM guide securing linear motion. 

L-Motor-6 activates rotational Joint-6, playing a role of rotating forceps. Order of control is as 

following. When L-Motor-6 rotates, timing belt rotates, leading to a rotation of rod and then, forceps.  

 

 

Figure 36. Position of L-Motor-6 and connected mechanism 

 

 

L-Motor-6 
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Figure 37. Rotational joint-6 

 

L-Motor-7 activates the movement of forceps grasping. Order of movement is as following. 

When L-Motor-7 rotates to a direction of CCW, connected crank push the LM guide, making gripper of 

forceps open. As a contrast, when motor rotates to a direction of CW, gripper of forceps gets closed.  

 

Figure 38. Position of L-Motor-7 

 

 

L-Motor-7 
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Figure 39. Opening of forceps by counter-rotation of L-Motor-7 

 

      

Figure 40. Closing of forceps by normal-rotation of L-Motor-7 

In controlling forceps grasping, proper controlling of force is necessary since excessive grasping 

force could contribute to damages of internal organs of patients. However, since a sensor that can detect 

feedback on generated force is not available in this robot, designed and applied is a device that can absorb 

unnecessary force and adjust torque of motors. When L-Motor-7 rotating CCW, pulling rod pusher in-

stalled in LM guide, elastic block is pulled back, and as an elastic block absorbs the force, grasping force 

can properly decline.  
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Figure 41. An applied example of a elastic block 

  

elastic block 
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III. DIRECT AND INVERSE POSITION ANALYSIS 

Although the original manipulator that is designed for the single port surgery in this study em-

ploys closed loop linkages to drive the second and the third joints of each arm, throughout this section it 

will be treated as two distinct 6-DoF serial manipulators and only one arm will be analyzed. The treatment 

will not affect the results as the closed loop linkages in the design are simply transferring the motions of 

the actuators located away from the system to the joints and they have no effect on the kinematics of the 

manipulator. Also it should be noted that the fifth and the sixth joints represents the linear and the rot a-

tional motion of the forceps that will be inserted into the system.  

Kinematic representation of the left arm of the system is shown in figure 42, and its axes are la-

beled with respect to the distal Denavit - Hartenberg convention. The corresponding Denavit - Hartenberg 

parameters are also tabulated in Table 2 In addition, the workspace of the proposed robot is calculated and 

shown as figure 43. 

The transformation matrix between the ith and the (i-1)th coordinate system can be obtained by trans-

lating (i-1)th  coordinate system along the zi-1 axis by di, rotating the resulting system around zi-1 axis by θi, trans-

lating resulting system along the xi axis by ai, and finally rotating the resulting system around xi axis by αi, (1). 
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Figure 43. The workspace of an arm 

 

Figure 42. Kinematic representation of 6-DoF serial 

manipulator 
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Table 2. D-H parameters of the serial manipulator 

Joint i αi ai di θi 

1 π/2 0 d1 = variable 0 

2 0 a2 0 θ2 = variable 

3 3π/2 a3 0 θ3 = variable 

4 π/2 0 0 θ4 = variable 

5 0 0 d5= variable 0 

6 0 0 d6 θ6 = variable 

1

1 1
( , ) ( , ) ( , ) ( , )

i

i i i i i i i i i
T T z d T z T x a T x 



 


                        (1) 

where, 

1

1 0 0 0

0 1 0 0
( , )

0 0 1

0 0 0 1

i i

i

T z d
d




 
 
 
 
 
  , 

1

0 0

0 0
( , )

0 0 1 0

0 0 0 1

i i

i i

i i

C S

S C
T z 







 
 
 
 
 
  , 

1 0 0

0 1 0 0
( , )

0 0 1 0

0 0 0 1

i

i i

a

T x a 

 
 
 
 
 
  ,

1 0 0 0

0 0
( , )

0 0

0 0 0 1

i i

i i

i i

C S
T x

S C

 


 




 
 
 
 
 
   

and 
cos , sin , cos ,

i i i i i i
C S C     

and
sin

i i
S 

. Multiplying the matrices in order with re-

spect to the (1)

1i

i
T



can be expanded as,  
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1

0

0 0 0 1

i i i i i i i

i i i i i i ii

i

i i i

C C S S S a C

S C C S C a S
T

S C d

 

 

 








 
 
 
 
 
   

(2) 

In order to calculate the final transformation matrix
0

6
T

 between the floating coordinate system 

of the end effector and the fixed ground global coordinate system of the manipulator, series of matrix mu l-

tiplications should be carried out. 

0 0 1 2 3 4 5

6 1 2 3 4 5 6
T T T T T T T

 
(3) 

Substituting the D-H parameters in Table 1 to (2) and using (3) 
0

6
T

 will be calculated as, 

0

6

0 0 0 1

x x x x

y y y y

z z z z

u v w p

u v w p
T

u v w p


 
 
 
 
 
   

(4) 

where, 

23 4 6 23 6x
u C C C S S 

, 6 4y
u C S

, 23 4 6 23 6z
u S C C C S 

, 

23 6 23 6 4x
v S C C S C  

, 6 4y
v S S 

, 23 4 6 23 6z
v S C S C C  

, 23 4x
w C S

, 4y
w C 

, 23 4z
w S S

, 

2 2 23 3 4 5 6
( ( ))

x
p a C C a S d d   

, 4 5 6
( )

y
p C d d  

, 2 2 1 23 3 4 5 6
( ( ))

z
p a S d S a S d d    

 

where, 
cos( )

ij i j
C   

, and 
sin( )

ij i j
S   

. 
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3.1 Direct Kinematics 

The objective of the direct kinematics is to find the manipulator end effector location that i n-

cludes both position and orientation by giving the values of the joint angles for revolute pairs and the jo int 

translation amounts for prismatic pairs. Any position vector represented in end effector coordinate system 

6 6 6 6
[ , , ,1]

T

x y z
q q q q

 can be expressed in the fixed ground global coordinate system 

0 0 0 0
[ , , ,1]

T

x y z
q q q q

 by using the transformation matrix 
0

6
T

in the formulation, 

0 0 6

6
q T q

                               
(5) 

As the point p is the origin of the end effector coordinate system 
6

[0,0,0,1]
T

p 
, the end effec-

tor position expressed in the fixed ground global coordinate system will be the last column of the trans-

formation matrix

0

6
T

 ,

0
[ , , ,1]

T

x y z
p p p p

.  Also the orientation of the end effector can be represented by 

the three unit vectors
( , , )x y zu u u

, 
( , , )x y zv v v

and 
( , , )x y zw w w

 as they form the rotation matrix inside 

the transformation matrix, 

 

0 0

0 6 3 3 3 1

6

1 3

[ ] [ ]

[0] 1

x x

x

R p
T 

 
 
                                   (6) 
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3.2 Inverse Kinematics 

The objective of the inverse kinematics is to find the joint angles for revolute pairs and the joint 

translation amounts for prismatic pairs by giving the location of the end effector. As the values of the 

transformation matrix 
0

6
T

 components are given, variable joint parameters 1 2 3 4 5 6( , , , , , )d d   
can be 

calculated by using (4) as follows, 

6 4

6

6 4

1

6

tan

tan ( )

y

y

y

y

v S S

u C S

v

u







  

 

 

(7) 
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p
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(8) 

As 6


is known from (7), 
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and, 
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In order to proceed further in the calculation of remaining variable parameters, (3) can be mod i-

fied by pre and post multiplying it with
0 1

1 2

1( )T T


and 
5

6

1
T



respectively. 

0 1 1 0 5 1 2 3 4 2

1 2 6 6 3 4 5 5
( )T T T T T T T T

 
 

 
(11) 

here,  

3 4 3 3 4 3 3 4 5

3 4 3 3 4 3 3 4 52

5

4 4 4 5
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0

0 0 0 1
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T

S C C d

 






 
 
 
 
 
   

(12) 

and the left portion of the (11) results in, 

0 1 1 0 5 1

1 2 6 6
( )

0 0 0 1

x x x x

y y y y
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(13) 

where, 

6 2 2 6 2 2
( ) ( )

x x z x z
l C C u S u S C v S v  

, 6 2 2 6 2 2
( ) ( )

y x z x z
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, 6 6z y y
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6 2 2 6 2 2
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, 2 6 6 2 6 6
( ) ( )
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, 6 6z y y
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, 

2 2x x z
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, 2 2y x z
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, z y
n w 

, 2 2 6 2 1 6
( ) ( )

x x x z z
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, 

2 6 2 1 6
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, 6z y y
r p d w  
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Equating (12) and (13), 
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and using tangent half angle formulations in (14), 
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 can be solved as below, 
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After the calculation of 2


, 3


can be found by using (10), 

3 2

1tan ( )z

x

w

w
 

 

 

(17) 

and the last remaining parameter 1
d

 will be, 
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It should be noted that there exist multiple solutions for the inverse kinematics problem. In order 

to reduce the number of solutions, atan2 function can also be used where possible.  
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IV. VELOCITY AND JACOBIAN ANALYSIS 

Velocity components of the end effector in the specified 6-DoF serial manipulator can be carried 

out by using the actuated joint rates, 

1

2

6 3

6 4

5

6

d

v

w

d











 
 
 
  
  

   
 
 
  

J

 

(19) 

where, 6
v

is the linear velocity of the origin of the end effector coordinate system, 

6 6 6 6

T

x y z
v v v v    , 6

w
 is the angular velocity of the end effector 

6 6 6 6

T

x y zw w w w    , and 

6 6xJ
is a Jacobian matrix that transforms the actuated joint rates in the actuator space to the velocity state 

in the end effector space. 

The Jacobian matrix J can be subdivided in to 1J
and 2J

, and (19) can be modified as, 
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where,  
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1 2 3 4 5 6
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Using (4) and (21), 
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where,  
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2J
can be computed by using the rotation matrix 
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and calculating 

6 6 6 6
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x y zw w w w    . Taking the time derivative of 

0
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and multiplying the result with 
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result in a skew matrix. 
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where,  
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Using (4), (6), (23) and (24), angular velocity components of the end effector can  be calculated as,

6 23 4 23 4 6x
w S C S   

, 6 2 3 4 6y
w C     

, 6 23 4 23 4 6z
w C S S  

, and the second portion of the 

Jacobian matrix 2J
 will be, 

23 23 4

2 4

23 23 4

0 0 0 0

0 1 1 0 0

0 0 0 0

S C S

C

C S S



   

 
 
 
  

J

    

(25) 

As the Jacobian matrix of the manipulator is known, from this point velocity analysis can easily be carried 

out. Also by analyzing the Jacobian matrix, singular configurations of the manipulator can also be compu t-

ed.  

4.1 Direct and Inverse Velocity Problem 

In the direct velocity analysis problem, the main objective is to calculate the linear and angular 

velocities of the end effector by giving the actuated joint rates. As the Jacobian matrix is known, using (19) 

the task can be easily carried out. In the inverse analysis problem, however; the main objective is to calcu-

late the actuated joint rates with respect to the known end effector velocity states.  If (19) is pre multiplied 

by the inverse of the Jacobian matrix, solution to the inverse velocity problem can easily be found as long 

as the Jacobian inverse exist in other words, the matrix is nonsingular.  
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(26) 

4.2 Singularity Analysis 

As mentioned before, the inverse velocity problem, (26), can be solved as long as the inverse of 

the Jacobian exists. On the other hand in some configurations of the manipulator, Jacobian matrix may 

lose its full rank and become singular thus the numerical solution (26) will give infinite number of results 

for the actuated joint rates.  

In order to find those singular configurations, the determinant of the Jacobian matrix is equalized 

to zero and solved for the variable joint parameters. 

2 4 4 2
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S S C a



 

J

J
 

(27) 

Solving (27), reveals that the Jacobian matrix will be singular in the configurations where 2
0, 

 and 

4

3
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2 2
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V. EXPERIMENTAL METHODS AND RESULTS 

5.1 Measuring forces and results 

Each angle of freedom was measured by using a force gage. Only wanted joint for measurement 

was checked in order to measure the force exclusively operated to each joint. When measuring Joint -1, 

arms are lined straight, and the end part of forceps is contacted to prove of force gage , where force gage is 

firmly fixed, using magnetic base. In order to measure rotational Joint-2, torque was measured with the 

surface of link 6cm away from the axis of rotation contacted to prove of force gage. For accurate mea s-

urement, link and prove are located exactly vertically such as figure 46. Measured value is divided by 6cm 

and converted to torque value. Measured were Joint-3, Joint-4 and Joint-5 like the way in Joint-1 and 

Joint-2. The every graph below each figure is results of each joint’s torque and force. Every resultant value 

was higher than necessary except for Joint-3 which is driven by plate spring and Joint-4 which is driven by 

wires. In Joint-3 case, it can generate about 7N. Joint-4 can handle about 5N.  

PLAS did not satisfy the required force of 10N but it could generate the most strong force among 

the already developed robotic SILS platforms. 
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Figure 44. The method of measuring Joint-1 

 

 

Figure 45. The result of measuring Joint-1 
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Figure 46. The method of measuring Joint 2 

 

 

Figure 47. The results of measuring Joint-2 
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Figure 48. The method of measuring Joint 3 

 

 

Figure 49. The result of measuring Joint-3 

* The length between Joint-3 and an end effector: 7cm 
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Figure 50. The method of measuring Joint-4 

 

 

Figure 51. The result of measuring Joint-4 

* The length between Joint-4 and an end effector: 5cm 
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Figure 52. The method of measuring Joint 5 

 

 

Figure 53. The result of measuring Joint-5 
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Figure 54. The method of measuring Joint-6 

 

 

Figure 55. The result of measuring Joint-6 
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Figure 56. The method of measuring grasping force 

 

 

Figure 57. The result of measuring grasping force 
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5.2 Assessment for reliability of movements and its results 

In order to measure reliability of movement by the difference of payload, the following exper i-

ment system was made. Located is Polaris Shown as figure 58 that draws out the location of infrared re-

flectors, and these reflectors are attached to the end of forceps. The goal of this study is to develop effe c-

tive robotic SILS platform using plate spring driven mechanism, so only measured was Joint 3 that plate 

spring driven mechanism is applied to. At first, it is made to move 5 times repeatedly and identically at a 

state of payload ‘0’, and in this trajectory was confirmed to be the same with the following graph. Afte r-

wards, by increasing weight by 200g, 5 times of trial was measured. Experiment was measured and fin-

ished at the point when the robot could not move smoothly due to its weight.  According to test results, 

every trajectory was uniform before weighing 1.6kg. This evaluation result has proved that the pl ate spring 

mechanism is suitable as a force delivery mechanism for surgery . 
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Figure 58. Polaris and infrared reflector 

 

Figure 59. weight counteblance 

 

 

Figure 60. Direction of trajectory by Joint-3 
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Figure 61. Trajectories of forceps (No load) 

 

 

Figure 62. Trajectories of forceps (payload=200g) 

 

 

Figure 63. Trajectories of forceps (payload=400g) 

 

 

Figure 64. Trajectories of forceps (payload=600g) 

 

Figure 65. Trajectories of forceps (payload=800g) 

 

 

Figure 66. Trajectories of forceps (payload=1200g) 
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Figure 67. Trajectories of forceps (payload=1400g) 

 

Figure 68. Trajectories of forceps (payload=1600g) 
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VI. CONCLUSION AND FURTHER WORKS 

In this paper, the performances of PLAS have been assessed, designing and realizing a single 

port surgery robot, attached with plate spring mechanism, a new form of device of delivering force. Based 

on deep understanding of a single port surgery, the goal of this paper is to develop an effective rob otic 

SILS platform. In order to achieve this goal, developed was effective robotic SILS platform that conducts 

the single port surgery after taking advantages and solving weaknesses of existing robotic SILS platform 

in cooperation with surgeons.  

First, SILS was reviewed so as to develop a robotic SILS platform. Difficulties that surgeons face 

were analyzed, observing surgeons operating and solutions about existing robots were looked through to 

breakthrough this hardship. By this process, solutions were suggested, drawing out weaknesses that exist-

ing SILS robotic platforms have. The first problem derives from limits of force-delivering device that ex-

isting SILS robots adopt. Due to the lack of stiffness of wires, robots that use wire driven mechanism for 

delivering force cannot afford enough force, and gear-using-robots cannot be inserted to a small port ow-

ing to its large volume, which is caused by the size of mechanical gears. In this study, a new way of deli v-

ering force that has not been introduced before was applied to solve this problem. This is a way, using 
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plate spring, in which a structure and principle are simple, and has an advantage of delivering relatively 

big force for its volume. The minimization of operating robots is required especially in a tr end that mini-

mal invasive operations spread, and plate spring mechanism as a force delivering device is being co n-

formed to be effective through this experiment.  

The second problem is that current robots which are used to solve counter intuitive operation 

problem cannot deal with relatively large sized intestine. This problem originates from the fact that the 

arm of the robot is fixed at a point when the arm spreads with a shape of ‘Y’; Y-shaped-robots are sup-

posed to have a short stroke. Operations that are possible by manual SILS are not possible in SILS robots 

that are meant to have operations easy. This study enables this problem to be solved by installing slide link 

at a point where the arm is spread to ‘Y’ shape. Operations for stomach, small intestine  and large intestine 

which need a long stroke are expected to be feasible with a robot that has a new ‘Y’ shape form.  

 Suggested are realistic potential and examples that ideal robotic SILS platform can accomplish, 

securing the length of stroke that the conventional laparoscopic surgery has, solving the biggest problem 

of single port operating robot - a force delivery. 

It is when surgeons constantly use the robot in a real operation circumstance that the most effe c-
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tive feedback can appear. In this study, surgeons’ opinions are just taken into consideration. However, sur-

geons who use robots in operations were not made to participate in applying it to a real operation. In order 

to finalize the development of operating robots, needed is a process where surgeons apply it into a real 

situation and assess its results. Moreover, following factors should be managed. Easiness of exchanging 

surgical instruments and optimization of selecting motors should be fully met. Also, wire driven mech a-

nism should be exchanged to a way that stiffness is satisfied, considering a tilting joint that delivers force 

by wires in the proposed robot. Besides, the size of the robot body should be minimized within 30mm by 

processing the robot’s body frame with stainless steel. In order for this process to be possible, reduction in 

a process cost should be needed. Along with this, robots should be designed to be a structure where strong 

stainless steel can be easily processed. If these problems should be solved, the single port surgery robot 

would be expected to be used as widely as the da Vinci surgical system. 
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요 약 문 

 

본 연구에서는 판 스프링을 구동 메커니즘으로 하는 새로운 형태의 단일공복강경 수술 로봇을 개발하였다. 

최근, 복부에 3~5개의 상처를 남기는 기존의 복강경 수술의 대안으로 수술 후 상처를 쉽게 숨길 수 있는 배꼽을 

통한 단일 공 복강경 수술(single port laparoscopic surgery)의 수요가 증가하는 추세이다. 하지만 단일 공 복강경 

수술은 내시경과 두 개의 겸자(forceps)가 단 하나의 침습 구로 삽입되어 시술 중 도구간의 충돌을 피하기 

어려우며, 작업 공간을 확보하기도 힘들다. 이러한 문제를 해결하기 위해 여러 가지 단일 공 복강경 수술 로봇이 

개발 되고 있지만 수술을 하기에 충분한 힘을 전달하지 못하는 문제가 있다. 이 논문에서는 위와 같은 문제를 

해결하고, 수술에 필요한 충분한 힘과 넓은 작업영역을 확보하기 위해 판 스프링으로 구동되는 단일 

공 수술로봇을 설계, 제작한 후 성능평가를 실시했다. 

국내에서는 처음 개발되는 Y 타입 단일 공 수술로봇을 개발하기 위해 매뉴얼 단일 공 복강경 

수술의 임상적인 제한 사항과 기존에 개발된 단일 공 복강경 수술로봇의 장단점을 심도 있게 

분석하여 기구 설계에 적용시켰다. 특히 의사들의 현장 경험과 의견을 수용하여 기구설계에 적극 

반영하였으며, 기존 단일 공 수술 로봇들보다 넓은 작업공간을 갖는 단일 공 수술 로봇을 개발할 수 

있었다.  
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정하고 오늘 2012 년 마지막 날에 이렇게 감사의 글을 적고 있으니 감회가 새롭다는 말의 느낌

을 느끼고 있습니다. 희망과 패기로 시작한 입시준비와 석사 생활 속에서 보람과 희열을 느낄 때

도 있었지만 힘든 순간들이 훨씬 많았던 것 같습니다. 자신감이 넘쳐 자만심으로 가득했던 자신

이 얼마나 초라한 인간이 될 수 있는지 가슴 먹먹해하며 진하게 느낄 수 있었고, 힘이 들 때마다 

회사를 다니며 결혼하고 아이를 낳고 하는 행복하게 사는 입사동기들이 무척이나 부러웠습니다. 

그리고 처음 다짐과는 달라지는 저의 모습에 실망도 많이 했습니다. 하지만 한편으로는 저를 아

껴주시는 많은 분들과 친구들, 후배들로 인해 힘들어서 포기하고 싶을 때 다시 힘을 내서 전진할 

수 있었고 결국 긴 터널을 무사히 나올 수 있었습니다. 진심으로 제게 큰 힘이 되어주신 분들에

게 감사의 말씀을 전합니다.  

 

먼저 부족한 저를 받아 주시고 열과 성의를 다해 석사 생활을 지도 해주신 홍재성 교수님께 진

심으로 감사 드립니다. 교수님의 아낌없는 지원으로 제가 꿈꾸던 멋진 로봇을 만들 수 있었으며, 

논문 또한 무사히 마칠 수 있었습니다. 또한 바쁘신 와중에도 시간을 내주셔서 저의 부족한 부분

을 일깨워주신 장평훈 대학원장님과 문전일 로봇연구부장님께 감사 드립니다. 

 

잦은 장거리 출장을 마다하지 않고 고생스러운 1 년을 함께해준 부 사수 대근이에게 고맙고, 

전자 제어부분을 도와준 현석이와 창훈이, 준권이 참으로 고맙다. 늦은 새벽 맥주 한 병으로 함

께 마음을 땃땃하게 채웠던 상서도 고맙다. 궂은 일도 흔쾌히 열심히 해준 연구실 재롱둥이 종호

도 고맙다. 참 덩치에 걸맞지 않게 내 부족한 부분을 잘 챙겨준 재영이 참으로 고마웠다. 

 

제가 로봇의 길로 들어서는데 물심양면으로 도와주시고 부족한 모습을 보여드릴 때마다 교육자

로서 최선의 모습으로 보여주신 이상순 교수님에게 진심으로 감사 드립니다. 교수님으로 인해 저

의 인생이 참으로 긍정적으로 바뀔 수 있었고 영광의 순간도 경험할 수 있었습니다. 사실 평생을 

노력해도 보답을 해 드릴 자신이 없습니다. 다만 교수님 힘드실 때, 언제든 찾아가 그 동안 많이 



- 70 - 

얻어 마셨던 와인 한 잔 따라드릴 수 있는 한결 같은 제자가 되도록 하겠습니다.  

 

항상 부족한 신입 직원을 위해 덕담을 아끼지 않으셨던 정 많으신 정성택 부장님, 한참 부서가 

어려울 때 세상 무서운지 모르고 퇴직 한하고 힘들게 해드렸는데, 오랜 시간이 흘렀어도 잊지 않

으시고 취업자리까지 챙겨주시고 진심으로 감사 드립니다. 저를 더 큰 세상으로 인도해주시고 멘

토 역할을 해주신 김성주 차장님. 딱딱한 회사 생활 속에서 여러 가지 즐거운 추억들을 함께 만

들어 주셔서 감사합니다. 그리고 차장님 계실 때 로봇 대회 우승 못한 것 너무 죄송합니다. 

 

교고 시절 목표를 갖고 최선을 다하는 것이 무엇인지 알려주신 구연욱 선생님, 선생님과 함께

한 시간 때문에 제가 많이 변했고 생각도 없었던 대학까지 갈 수 있었습니다. 진심으로 감사 드

립니다. 

 

광현이와 용철이, 너희는 내게 천재이고 든든한 팀원이었다. 너희 때문에 로봇 팀 생활이 분에 

넘치게 영광스러웠다. 정말 고마웠다. 앞으로도 지금처럼 서로 챙겨주고 도우면서 살아가자.  로

봇 팀 생활하며 고생 많이 한 옥진이, 지우, 현아 그리고 힘들고 반복적인 일도 즐겁게 해준 귀

택이 수고 많이 했고 너희 때문에 로봇 팀 생활도 즐거웠다. 마지막 휴머노이드 로봇 팀장 수철

이와 동현이, 창훈이, 민정이, 혜민이, 협이 너희들은 너희 로봇 팀 생활이 어떻게 기억 될지 모

르겠지만 내게는 참 대견했고, 소중한 마지막 로봇 팀이였다. 최선을 다해 마지막을 준비해준 열

정에 진심으로 고맙다. 

 

회사 출근 하시기 전에 새벽 네 시에 두 달 동안 공업수학 수업 해주신 택근이형 진심으로 감

사 드립니다. 저도 무척 힘들었지만 형님도 정말 수고가 많으셨습니다. 꼭 좋은 논문 많이 쓰셔

서 한기대 교수로 돌아 오시길 빕니다. 우제영감, 내가 회사 다닐 때 새벽 3 시에도 전화를 받아 

줘서 독서실에서 집으로 돌아가는 길이 외롭지 않았는데 참 고마웠어. 그리고 그렇게 열심히 도

와줬는데 카이스트 떨어져서 미안했어. 그리고 취업자리 추천해줘서 정말 고마워. 경민아 너 때

문에 카이스트 낙방하고 버틸 수 있었다. 그리고 너의 물심양면의 지원이 없었다면 학교 앞에서 

자취할 때 무척이나 고생 많이 했을 텐데. 정말 고맙다. 너의 투자가 빛을 보도록 열심히 살게. 

한철아 너 때문에 학부 때 로봇팀장도 하면서 랩장을 무사히 마칠 수 있었어, 또 회사 다닐 때 

외로운 서울 생활을 잘 버틸 수 있었다. 사실 네가 대학원 생활하며 밥 사달라고 하고 책 사달라

고 했을 때 네게 도움을 줄 수 있어서 내 스스로에게도 뿌듯했다. 그리고 왕 언니 지연아 항상 

진심으로 대해주고 걱정해줘서 고마웠어. 
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마지막으로 어려운 가정 환경 속에서 공부에만 전념 할 수 있게 해주신 부모님 감사 드립니다. 

회사를 그만두고 나와 속 썩혀드린 것 죄송하고, 부모님도 저의 석사 생활 동안 수고 많이 하셨

습니다. 그 동안 효도 못해드린 만큼 앞으로 더욱 효도 하겠습니다. 병주야 늦은 밤에 영작 질문

해도 바로 바로 알려줘서 논문 쓰는데 정말 큰 도움이 됐어 정말 고마워. 준서야, 혜원아 큰 형, 

오빠로서 항상 역할을 못해서 미안해. 부모님에게 자랑스러운 자식이 될 수 있도록 열심히 살자. 

 

2013. 12. 31. 

천병식 
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APPENDIX 

 

A. Specification of Force Gage 

- Manufacturer: IMADA 

- Model: DS2-50N 

 

 

 

Accuracy: ±  0.2% Full scale ±  1 LSD  

Display: 4 digit, 12 mm high  

Range 0~ 50N (5kgf) 

Overload capacity: 200% Full scale, display flashes beyond 105% full scale  

Data Processing 

Speed 

1,000 data/second (30 data/second rate selectable)  

Display Update 10 times per second  

Outputs RS-232, Mitutoyo Digimatic and ± 1 VDC analog output  

Temperature range: 32° to 100° F (0 - 40° C)  

Low battery indica-

tor: 

Display flashes when battery is low  

Power supply: Rechargeable NiMH battery pack or AC adapter (included)  

Setpoints Programmable high/low setpoints with LCD indicators  

Housing dimension: 215 x 65 x 51 mm (L x W x H)  

Weight, net (gross) approx. 430 g (1300 g)  

Warranty 2 Years  
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B. Specification of Servo motor 

- Manufacturer: Robotis 

 

 

 

 

 

 

Model MX-64R 

Weight 126g 

Dimension 40.2mm x 61.1mm x 41mm 

Gear ratio 200:01:00 

Operation Voltage (V) 11 12 14.8 

Stall Torque (N.m) 5.5 6 7.3 

Stall Current (A) 3.9 4.1 5.2 

No Load Speed (RPM) 58 63 78 

Motor Maxon Motor 

Resolution 약 0.088° x 4,096 

Range 360° 

Voltage 10~14.8V (Recommended voltage : 12V) 

Operating temperature -5°C ~ 80°C 

Communication Type Digital Packet 

Protocol RS485 Asynchronous Serial Communication  

Link (physical) RS485 Multi Drop Bus (daisy chain type connector) 

ID 254 ID (0~253) 

Communication speed 8000bps ~ 4.5Mbps 

Feed back Position, Temperature, Load, Input Voltage, Current, etc. 

Encoder Contactless absolute encoder 
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C. Specification of Stepping motor 

- Manufacturer: MASURU 

-  

 

 

 

 

Model CM1-17L30A 

Output Power 18W 

RPM 3000rpm 

Torque 3.7(0.38) kgfcm(Nm) 

Peak Torque 5.3(0.54) kgfcm(Nm) 

Encoder Incremental magnetic (50000pulses/rev) 

Control type Closed Loop 

Voltage V DC24V 10% 

Current A 1.5A / 1.8A 

Pulse/Rev 200, 400, 500, 1000(default), 2000, 2500, 5000, 10000, 25000, 50000 

Weight 470g 
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