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Abstract – Haptic devices are used in a variety of virtual reality applications in order to allow user interaction with virtual 

objects. These devices transfer user comments such as rotations, transitions or deformations to the virtual environment and also 

transfer any reactions such as force feedback to the user. The force feedback which user receives is actually considered as 

feeling of touch.  

 

In this work, we developed a user interface software suitable for haptic interactions. We also developed an embedded software 

to drive haptic device for generating realistic force feedback. Developed software traces the tip of the medical tool (attached to 

the haptic device) and determines any possible collision. Based on the depth of the collision the algorithm calculates the 

deformations on the organs and the force feedback for haptic device. The algorithm drives the three motors (one for each axes) 

on a haptic device to generate the necessary torque for realistic feelings of touch. The developed user interface is responsible 

for communications between haptic device and virtual environment, for running haptic and simulation loops and for updating 

and visualization of the virtual scene. 

 

We successfully applied to develop user interface software and embedded software to a surgical simulator, where the user can 

manipulate and deform virtual organs and can feel any reactions from the scene.  
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I. INTRODUCTION 

Developing surgical simulators [1],[2],[3] becoming a very 

popular research area, especially with the technological 

development on haptic devices [4],[5].  Haptic devices are 

considered as robotic tools for allowing user interaction with 

virtual scene. The user can manipulate a surgical tool 

attached to the haptic device whose movements are 

transferred to virtual surgical tool in the simulation 

environment. Therefore the user can move, rotate, cut, 

deform or perform any surgical operations on tissue/organ 

models with this virtual surgical tools.  

Due to the interaction between virtual tools and tıssues/ 

organs, some reaction forces are generated. The haptic device 

is working in both ways and transforms these forces to the 

user. The feedback forces generated by the haptic device are 

responsible for touch feelings. The user feels different forces 

when the surgical tools is touching the bone, liver or fatty 

tissue. Therefore, surgical simulators with haptic devices are 

considered more realistic instruments to be used as a part of 

classical medical education curriculum [6]. 

This work develops a user interface software which can be 

used for haptic interactions. The developed software includes 

collision detection between the tip of the virtual tool and 

tissue/organ, generating reaction forces, driving the haptic 

device and deformation algorithms.     

 

II. MATERIALS AND METHOD 

A block diagram of a surgical simulator is given in Figure 

1. A typical simulator consists of several different units as 

given in the figure.  Visualization module is responsible for 

3D modelling, color, materials, texture mapping and updating 

the scene in real time. Simulation module applies 

deformation algorithms and performs the deformation 

simulation of soft tissue/organs due to any interaction. These 

modules are not in the scope of this paper.  

Collision module is another important part of any surgıcal 

simulator. This module basically consists of three parts; 

collision detection, reaction forces and control unit. Once a 

collision is detected, a reaction force is generated and send to 

the haptic device and deformation information is sent to the 

deformation algorithms.  

A. Collision Detection 

The role of the collision detection algorithm is to detect any 

interaction between the tip of the vırtual tool and 

tissue/organ. Virtual tool is actually representing the real 

medical tool attached to the haptic device.  Collision 

detection procedure firstly finds which object in the scene is 

in touch with the virtual tool. Then, the algorithm is 

responsible for finding the exact point of touch and its depth.  
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There are basically two types of collision. A self-collision 

occurs when the elements of the object are colliding among 

themselves. İntra-collision happens when objects are 

interacting with each other or with a medical tool.  

Virtual objects, in this work, consists of triangles and 

vertices. Detecting collision implies any collision between 

the tip of the medical tool and these triangles. In order to 

speed up the detection process, there are many algorithms 

developed [7],[8]. The computational speed of this algorithm 

is very important because this module needs to work in 1kHz 

speed [9].   
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Fig.1. A typical simulator system. 

 

Each object in the virtual scene is surrounded by a 

bounding box as shown in Figure 2. The axis-aligned 

bounding box (AABB) algorithm then basically divides the 

object two parts based on its long axis. Bounding boxes are 

assigned to the each part of these object. These two parts are 

again divided along the long axis. This process goes on until 

one element is left in each box [10].   

 

 
Fig.2. A virtual object in a bounding box. 

 

The element left in each box is a triangle. The collision 

detection algorithm first needs to find which box is in 

collision with the tip of the virtual tool and then needs to find 

where the triangle is cut, exact collision point.  

Ray triangle collision detection algorithms [11] are used to 

find this collision point. Once a collision point is found, the 

algorithm finds the closest vertex to collision point and marks 

that vertex as collision point.  

Figure 3 shows a simple model interacting with a virtual 

tool. The model consists of 66 triangles and 45 vertices. As 

shown in the figure, for various touching points (a,b,c), 

collision vertices are marked with a small square.  

 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 3. A simple model collision detection and marking 

collision vertices.   
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The other responsibilities of the collision module is to find 

collision depth and calculate the responses. 

B. Response Forces 

When the tip of the virtual tool hits the virtual object a 

collision occurs. If the tip point pushes/pulls the object, one 

needs to consider collision force [12]. This force is related to 

the depth of the collision. Figure 4 shows such situation.   

Initial tip point (TP) and ideal tip point (ITP) are shown on 

a 2D slice of a virtual object Fig. 4.a.  When TP moves inside 

the object we need to consider two cases. İf the object is 

solid, no deformation allowed, TP should stay on the surface 

of the object where IPT is, as shown in figure 4.b. In this case 

reaction force should be at its maximum and TP moves on the 

location shown with ITP.  

The second case considers deformable objects. When TP 

moves the inside the object, ITP does not stay on the surface 

of the object. This movement deforms the object and now 

ITP stays on top of deformed surface, figure 4.c.  

The amount of deformation is determined based on the 

collision depth. The depth information, figure 4.b, is used to 

calculate the collision force [13]. A virtual spring between 

ITP and TP is used to calculate this force as, 

 

𝑓𝑐 = −𝐾𝑐 . 𝑋 

where 𝑋 = |𝑇𝑃 − 𝐼𝑇𝑃|  and  𝐾𝑐 is stiffness of the virtual 

spring. 
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Fig.4. Collision and its responses. 
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(c) 

 

Fig.5. Collision detection deformation simulation. 

. 

III. RESULTS 

The developed haptic user interface is used with a haptic 

device and with a several virtual deformable objects. A 

simple model is interacting with a simple object is shown in 

figure 5. Figure 5.a shows collision point while figure 5.b and 

5.c shows pushing and pulling action respectively.  

A more complicated object which has 1196 triangles and 

600 vertices is shown in figure 6. Figure 6.a shows start of 

the collision while figure 6.b shows collision with 

deformation. Collision detection and deformation simulation 

is performed in real time in these experiments.  

In these experiments the correctness of collision detection 

(on simple model) and force feedback (with the haptic 

device) are tested. Visually correct deformation simulations 

in real time are obtained. Collision detection and force 

generation works well.   

 

 

 
(a) 

 

 
(b) 

 

Fig.6. Collision detection and deformation simulation of an 

organ, spleen. 

 

IV. DISCUSSION 

 

In this work we implemented AABB method in order to 

speed up the collision detection process. Oriented Bounding 

Box (OBB) is not preferred because it requires more 

computations then AABB. On the other hand, if rotations are 

needed OBB should be used. There are different algorithms 

for ray-triangle intersections. In this work a fast 

implementation is employed. Since surgery simulators 

require around 1 kHz haptic rate, faster algorithms are chosen 

in this work.  

V. CONCLUSION 

This work develops a haptic user interface software for 

surgery simulators. Collision detection algorithm and 

resultant force generation method have implemented with 

success.  

The developed software is used with a haptic device. The 

software is successfully transfer any user manipulation to the 

virtual scene and at the same time transfers, with the help of 

haptic device, force feedback to the user.  

The detected collision also starts some deformation on the 

virtual organ. These deformations are also successfully 

simulated. 
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