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Abstract 
In the original k-means algorithm the initial centroids are taken 

just randomly out of the input data set. But this random selection 

of initial centroids leads the computation of the algorithm into 

local optima. Each time the end clustering results will come out 

to be different. This is the limitation which needs to be dealt with 

in order to make the k-means algorithm more efficient. The mid –

point  is used as a metric for computing the initial centroids but 

this algorithm may be suitable for a wide variety of problems but 

it is not suitable for all kinds of problems. As it concentrates on 

calculating the mid-point of different subsets of the data set, so it 

is most suitable to problems where the input data is regularly or 

uniformly distributed across the space. But in the situations 

where the input data is irregular or non-uniformly distributed, 

this algorithm will not produce the appropriate results. This 

paper presents the mean as the metric for choosing initial 

centroid and the comparison of  both the algorithms.  

Keywords: k-means clustering, mid-point based centroids mean 

based centroids, initial centroids 

1. Introduction 

Clustering is the process of partitioning or grouping a 

given set of patterns into disjoint clusters. This is done 

such that patterns in the same cluster are alike and patterns 

belonging to two different clusters are different. Clustering 

has been a widely studied problem in a variety of 

application domains including neural networks, AI, and 

statistics. The k-means method has been shown to be 

effective in producing good clustering results for many 

practical applications. [1]However, a direct algorithm of k-

means method requires time proportional to the product of 

number of patterns and number of clusters per iteration. 

This is computationally very expensive especially for large 

datasets. Also, the clustering results for same data set can 

be different with different initial centroids chosen 

randomly. One method explained is the mid-point method 

in which mid-point is used as a metric to find the initial 

centroids. This method is better than the random selection 

of centroids but this algorithm may be suitable for a wide 

variety of problems but it is not suitable for all kinds of 

problems. This restricts its applicability. As it concentrates 

on calculating the mid-point of different subsets of the data 

set, so it is most suitable to problems where the input data 

is regularly or uniformly distributed across the space. But 

in the situations where the input data is irregular or non-

uniformly distributed, this algorithm will not produce the 

appropriate results.  

2. Mid-point method 
In this algorithm a systematic method to determine the 

initial centroids is explained. This method is quite   

efficient to produce good clusters using k-mean method, as 

compared to taking the initial centroids randomly. [7] 

 

The algorithm is as under: 

Algorithm1: The enhanced method 

Input: D= Set of n data points. 

           K=desired number of clusters 

Output: k number of initial centroids 

Steps: 

1. In the given data set D, if the data points contain 

 both the positive and  negative attribute values 

 then  goto step 2, else goto step 4. 

2. Find the minimum attribute value in the given 

 dataset D. 

3. For each data point attribute, subtract with the 

 minimum attribute value. 

4. For each data point calculate the distance from 

 origin. 

5. Sort the distances obtained in step 4. Sort the data 

 points in accordance with the distances. 

6. Partition the sorted data points into k equal sets. 

7. In each set , take the middle point as the initial 

 centroid. 

 

In the above algorithm, if the input data set contains the 

negative value attributes, then all the attributes are   

transformed to positive space by subtracting each data 
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point attribute with the minimum attribute value in the data 

set. This transformation is required because in the 

algorithm the distance from origin to each data point is 

calculated. So if there are both positive and negative 

values, then for different data points same Euclidean 

distance will be obtained which will result in incorrect 

selection of initial centroids. After transforming all 

attribute values to positive, next step is to calculate the 

distance of each point from the origin. Then the original 

data points are sorted into k equal sets. In each set, the 

mid-point is calculated. All the mid-points are taken as the 

initial centroids. 

2.1 LIMITATION OF THE ENHANCED METHOD 

The mid-point algorithm is quite efficient to produce the 

initial centroids. But there is a limitation that this algorithm 

may be suitable for a wide variety of problems but it is not 

suitable for all kinds of problems. This restricts its 

applicability. As it concentrates on calculating the mid-

point of different subsets of the data set, so it is most 

suitable to problems where the input data is regularly or 

uniformly distributed across the space. But in the situations 

where the input data is irregular or non-uniformly 

distributed, this algorithm will not produce the appropriate 

results. 

3. PROPOSED METHOD 
 

We propose a systematic method to determine the initial 

centroids which proves to be better than the mid-point 

method. It is better in the sense that it is equally applicable 

to the all clustering problems: whether the input data is 

uniformly or non-uniformly distributed across the space. 

i.e. if there is a scenario where the distribution of data in 

each subset is such  that most of the data points lie towards 

the boundary of the set, in such cases also our proposed 

algorithm works quite efficiently to produce better 

clustering  results. 

The proposed Algorithm: 

 

Input: D= Set of n data points. 

           K=desired number of clusters 

Output: k number of initial centroids 

 

Steps: 

1. In the given data set D, if the data points contain 

 both the positive and negative attribute values 

 then goto step 2, else goto step 4. 

2. Find the minimum attribute value in the given 

 dataset D. 

3. For each data point attribute, subtract with the 

 minimum attribute value. 

4. For each data point calculate the distance from 

 origin. 

5. Sort the distances obtained in step 4. Sort the data 

 points in accordance with the distances. 

6. Partition the sorted data points into k equal sets. 

7. In each set, take the mean as the initial centroid. 

 

The algorithm is explained as under: 

For each positive data point, the distance from the 

origin O (0, 0) is calculated. The distance is calculated 

using the Euclidean distance formula. This formula says 

that the distance between the two points A(x1, y1) and 

B(x2, y2) is as follows: 

 

√(x1-x2)
2
 + (y1-y2)

2
 

Then the distances obtained are sorted in some order using 

any sorting method. According to the sorted distances, the 

original data points are also sorted. Next step is to partition 

the sorted data points into k number of equal partitions. 

Now for each partition, calculate the mean of the data 

points in the partition. The mean is calculated as: 

Let S be a set which contains 5 data points: 

S{ (x1,y1),(x2,y2),(x3,y3),(x4,y4),(x5,y5)} 

The mean of this set will be: 

((x1+x2+x3+x4+x5)/5, (y1+y2+y3+y4+y5)/5) 

After calculating mean for each partition, all the mean 

values are taken as initial centroids. Then the k-mean 

algorithm is applied to the problem. This algorithm ensures 

better and unique clustering results for every type of 

problem. To prove this we take the same example that we 

took in the previous chapter for the mid-point algorithm. 

 

3.1 Scenario demonstrating the proposed method 
Table 1: Data set of 16 condensing machines 

MACHINES Condensing 

Temperature 

Discharge 

Pressure 

Machine 1 15 58 

Machine 2 50 93 

Machine 3 25 130 

Machine 4 40 130 

Machine 5 25 165 

Machine 6 50 170 

Machine 7 25 225 

Machine 8 60 220 

Machine 9 40 250 

Machine 10 43 270 

Machine 11 50 280 

Machine 12 50 320 

Machine 13 43 360 

Machine 14 60 360 

Machine 15 60 405 

Machine 16 60 540 

As the data set contains all positive values, so we move to 

step 4. 
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Step 4, 5, 6, 7: After calculating the distance of each data 

point from origin, the distances and the corresponding data 

points are sorted. Then they are divided into 4 equal 

groups. Then the mean of each group is calculated: 
Table 2: Mean Calculated 

Distance 

from 

origin 

Cond. 

Temp. 

Pressure Mean 

59.91 

105.59 

132.38 

136.01 

15 

50 

25 

40 

58 

93 

130 

130 

(32.5,102.75) 

166.88 

177.20 

226.38 

228.04 

25 

50 

25 

60 

165 

170 

225 

220 

(40,195) 

253.18 

273.40 

284.43 

323.88 

40 

43 

50 

50 

250 

270 

280 

320 

(45.75,280) 

362.56 

364.97 

409.42 

543.32 

43 

60 

60 

60 

360 

360 

405 

540 

(55.75,416.2) 

Now taking the calculated mean values as the initial 

centroids, we applied k-means algorithm to the given: 

problem. The k-mean algorithm here converged into 

following results 
Table 3: clustering results using mean based method 

MACHINES COND.TEMP

. 

PRESSURE RESULTING  

CLUSTER 

Machine 1 15 58 4 

Machine 2 50 93 1 

Machine 3 25 130 1 

Machine 4 40 130 1 

Machine 5 25 165 1 

Machine 6 50 170 1 

Machine 7 25 225 2 

Machine 8 60 220 2 

Machine 9 40 250 2 

Machine 10 43 270 2 

Machine 11 50 280 2 

Machine 12 50 320 2 

Machine 13 43 360 3 

Machine 14 60 360 3 

Machine 15 60 405 3 

Machine 16 60 540 3 

The same data when clustered using mid-point method 

provided the following results: 

Table 4: clustering results using mid-point method 

MACHINES X 

ATTRIBUTE 

Y 

ATTRIBUTE 

RESULTING 

CLUSTER 

Machine 1 15 58 1 

Machine 2 50 93 1 

Machine 3 25 130 1 

Machine 4 40 130 1 

Machine 5 25 165 2 

Machine 6 50 170 2 

Machine 7 25 225 2 

Machine 8 60 220 2 

Machine 9 40 250 2 

Machine 10 43 270 3 

Machine 11 50 280 3 

Machine 12 50 320 3 

Machine 13 43 360 3 

Machine 14 60 360 3 

Machine 15 60 405 4 

Machine 16 60 540 4 

These clustering results are obviously better than those 

obtained by the mid-point method. i.e. the Machine 1 is the 

most efficient among all the 16 machines. Using our 

proposed algorithm it has been clustered separately. So this 

proves out to be better than the results derived by the mid-

point method where Machine 1 falls into the same cluster 

as Machines 2, 3 and 4. 

 

4. COMPARISON BETWEEN MID-POINT 

BASED K-MEANS AND MEAN BASED K-

MEANS 
Figure 1  shows the categorization of Condensing Machines 

used in Chiller Industry into four categories: Very High 

efficiency machines, High efficiency machines, Medium 

efficiency machines and Low efficiency machines. 

 
Fig 1. Actual Parameters Practical Result Chart 
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Fig 2. Midpoint Based K-Means Method 

 

 

 
Fig 3. Mean Based K-Means Method 

Figure 2,3 show the graphical representations of the results 

obtained after applying the  Midpoint-Based K-Means and 

Mean-Based K-Means respectively on the input dataset. 

The analysis of graphs clearly shows that Mean-Based K-

Means method arrives at the most appropriate results. 

4. CONCLUSION 
The proposed enhanced algorithm is easy to implement 

and it proves to be a better method to determine the initial 

centroids to be used in the k-means clustering algorithm. 

As the end clustering results of the k-mean clustering 

method are highly dependent on the selection of initial 

centroids, so there should be a systematic method to 

determine the initial centroids which makes the k-mean 

algorithm to converge in global optima and unique 

clustering results. This requirement is fulfilled by the 

proposed algorithm. Besides solving the problem of non-

unique results, our proposed algorithm is also widely 

applicable to different types to problems. The problems 

with uniform as well as the problems with non-uniform 

distribution of data points are better addressed by our 

proposed algorithm. Our proposed algorithm tries to 

enhance the k-means clustering algorithm by eliminating 

one of its drawbacks.  
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