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Abstract 

Virtual reality techniques have proved their importance in almost every field of knowledge, particularly in 

medical and architecture. Convex hull is an application of virtual reality which is used to draw the 

boundary of some object inside an image. In this paper a hybrid method is proposed to compute convex 

hull. The method is based on two already existing   convex hull algorithms i.e. quick hull and grahams 

Scan algorithm. The proposed technique is an attempt to remove the deficiencies in the two above 

mentioned techniques of the convex hull. 

Keywords: Boundary detection, Convexity, Orientation. 

1. Introduction 

Virtual reality provides an interactive capability to the user and makes it possible for the information to be 

displayed as in a realistic environment. Since real objects do not have any deterministic shape, they can be 

modeled easily by computing their convex hulls (Haubner etc 1997, Sofeman etc and Ja-Chen etc 1998 and 

De Paolis etc 2007). With the help of computing, simulations have made it possible to study and examine 

the organs or any structure of the human body closely and in the way which was not possible few years 

back.  Simulations are very helpful for the users, medical students and the beginners. Thus, they are an 

important tool and the source to acquire valuable information for the students during their education. In this 

paper simulation is conducted using new technique to compute convex hull and later on results are given, 

which proved sufficient improvement then the existing approaches. The rest of the paper is organized as 

follows: In Section 1 the answer to the question that what the convex hull is? Are briefed. Section 2 

discusses some of the existing algorithms for computing convex hulls, section 3 deals with the new 

technique for computation of convex hulls and results and finally in section 4 the concluded remarks are 

given.  

1.1 Covex Hull 

Convex hull for a set S can also be defined as the set of points that can be expressed as convex 

combinations of the points in that set S . Convex hulls have their applications in image processing, pattern 

recognition and medical simulations (Dan 2009 and Dundar 2008). Convex hull is different for different 

objects because it depends upon the feature point of every object.  For the recognition of objects the 

feature points are standardized so that convex hull of 40 points can be constructed. If the convex hull 

cannot be constructed from the feature points specified it will lower the value by 1 from the total number of 

points. It will continue to decrease the number by 1 until the appropriate convex hull can be made. The 

convex hull can be defined for object of any kind with any number of dimensions. 
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2. Existing Approaches to compute Covex Hull 

For finding convex hulls so many algorithms are used. In this section some of existing algorithms will be 

discussed which are used in our proposed technique. Graham’s Scan Algorithm, Divide and Conquer 

Algorithm (Xin etc 2008), Jarvis’s March or Gift wrapping Algorithm (Yaacoub etc 2006 and Choi 2007), 

Quick hull Algorithm (Mucke 2009) and Chan’s Algorithm (Chan 2011). 

Graham Scan computes the convex hull of any given set of points in O(nlogn). In graham scan first the 

Algorithm starts by sorting the set of points by increasing order of x-axis. In its second step it checks the 

orientation at each point with two most recently selected points. If the points form left-hand turn (positive 

orientation) then the points are pushed to the stack but if the point is failed to form a positive orientation 

with last two pushed points then the last two points are popped from the stack. Now the join the points 

stored in the stack, the resultant will be the required hull. The next algorithm presented is the generalization 

of the sorting procedure Quick sort, named as Quick hull. Quick hull operates in O(nlogn) time but in worst 

case it can be O(n
2
). The basic idea behind quick hull is to discard the points as quickly as possible. In 

quick hull the first the algorithm calculate the points with minimum and maximum x and y-coordinates and 

by joining these points a bounding rectangle is defined, within which the hull is contained. Furthermore the 

points within this quadrilateral are discarded for any further consideration. Now in the continuation of this 

algorithm the remaining points are classified into four remaining corner triangles. On these corner points 

now the next task is to find a point among the points on the hull, discard the points within the new triangle 

and reconsider the two newly formed subsets. How should this point be selected? This point can be selected 

by considering possible perpendicular distance from the edge. 

3. Proposed Technique  

The proposed technique is composed of two existing algorithms Quick Hull and Graham scan. To overcome 

the draw backs of these two algorithms the proposed techniques works. As in Graham Scan , it works quite 

slowly because it checks the orientation of all the points in the set, for smaller point set the algorithm will 

definitely perform faster, but for a larger set the computational cost will be really unaffordable. To reduce 

the set of point’s candidate to be on hull the quick hull’s initial step is applied as the useless points are 

discarded at the very initial stage and no extra calculation is performed which will increase the speed of the 

Graham’s method.As discussed earlier Graham Scan selects the points on the basis of their orientation. It 

checks the orientation of the selected point with respect to the last two added points like Jarvis method it 

works quite slowly. The other algorithm (Quick Hull) starts by calculating the points with minimum and the 

maximum x-and y-coordinates.  
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Figure 1: Flow chart for the proposed technique 

The proposed technique is explained by using the following flow (see figure 1) chart. The flow chart will 

describe each step of the algorithm. In the each state of the flowchart each step of the technique is 

performed. The proposed technique starts with quick hull and in its second step graham scan is applied on 

remaining points. In the first step of this algorithm, starting with the quick hull, mark the points with 

minimum and maximum x- and y- coordinates (see figure 1). Using these points draw the quadrilateral and 

discard the points inside this quadrilateral. Now the remaining points are classified into the four corner 

triangles. Considering the points on one of these corner triangles, sort the remaining points with respect to 

the x-coordinates and then on these points apply graham scan method to compute the hull. The flow chart 

has six main states which are functionally shown in figure 2. The first state will find out the minimum and 

maximum x and y- coordinates as the initial step of the algorithm. In the next state a quadrilateral is drawn, 

the state next to it will discard the points lying inside this quadrilateral. The fourth state will sort the points 

according to the increasing order of their x-coordinates. 

1. Find out the points with Xmin, Xmax, Ymin, and Ymax from set n 

2. Construct Quadrilateral using these points 

3. Discard the points inside it forming a new set nnew 

4. Sort the points (respect to x-axis), denoted (P1,P2,…….Pn) 

5. Push P1and P2 onto U(stack) 

6. While i≤n 

{ 

If (xi makes left turn relative to top 2 items on stack) 
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{ 

Push xi; 

i++; 

} 

Else 

{ 

Pop (last two added points); 

Discard; 

}} 

 

Figure 2: Algorithm for the proposed technique 

In the next state from array of points formed in the above state, the two points with lowest x-coordinate (P1, 

P2) are pushed into the stack and in the sixth state a while loop is used by the help of which the orientation 

of the points relative to the last two points added to the stack is going to be checked. As it is discussed 

earlier the orientation can be calculated by taking the cross product of the points. If the points make a left 

hand turn it means they have a positive orientation and the points are pushed into the stack, and if the points 

are making a positive orientation or they are linear the point will be discarded and the last two added points 

in the stack are popped. The technique is quite simple and easy to understand. Graphically the algorithm is 

depicted as shown in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Convex hulls by new approach 

 

3.1 Results 

The three techniques were implemented and their performance results in terms of time in seconds were 

(d) Required Hull  (c) After applying Graham 

Scan to the remaining 

points  

Discard these 

(a) Quick Hull’s 

initial quadrilateral 

(b) Apply Graham Scan 

to these remaining points  
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taken using different sets of randomly taken points as an input. The following results illustrates the 

performance analysis of the proposed technique 

Table 1: Comparison of processing time for points among the existing and proposed techniques  

 

 

 

 

 

 

 

 

 

The above results can be easily understood by the help of following graph (see figure 4). 
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Figure 4: Graphical performance Comparison among the existing and proposed techniques 

From the above graph, it can be clearly analyzed that the results of the proposed algorithms is much faster 

than the existing Graham Scan and Quick Hull algorithms. 

4. Conclusion 

Convex hull is a very important term in the field of computational geometry. It is helpful where we need to 

model the objects with some non deterministic shapes. It has its applications in pattern recognition, image 

processing and GIS. In this paper a new technique to construct convex hull is presented. The technique can 

also be referred as the improvement of the graham scan algorithm. The graham scan algorithm performs 

faster for smaller number of input points. To reduce the input point set the quick hull’s initial step is applied 

to the points due to which unnecessary calculations are eliminated and ultimately the task is performed 

faster and we can have the results faster than before. This is also proved by the results that the proposed 

technique is faster than any of two algorithms. As discussed earlier the main problem with the graham scan 

is that it has to make calculations on every single point in the set. Main idea behind this approach is to 

 Points Graham 

Scan 

(sec) 

Quick 

Hull 

(sec) 

New 

technique 

(sec) 

1 5000 3.73 1.26 0.86 

2 10000 7.35 2.64 1.63 

3 15000 11.96 4.68 2.65 

4 20000 19.23 6.95 3.96 

5 25000 23.6 7.99 5.86 
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reduce the number of calculations, as more points are discarded in the initial step. Using quick hull, the 

points in the input set can be reduced. 
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