
CHAPTER 6 
 

RESULTS AND PERFORMANCE ANALYSIS 
 

 

In the previous chapters, we have discussed the image approximation algorithm, which 

mainly consists of initial triangulation, image enhancement and mesh simplification. This 

chapter will begin with analyzing the time and memory space complexity. After examining 

the appropriate choice of wavelet transform level, the chapter will continue with the analysis 

and comparison of mesh regularity. Finally, the chapter will end with comparison of 

reconstruction quality, compression ratio and percentage of reduction in elements.  

 

 

6.1 Memory Requirement and Time Complexity 

6.1.1 Overview 

Besides obtaining good quality in reconstructed images, the algorithm should prove to be 

efficient and practical. This section will analyze the factors that largely influence the 

algorithm’s performance in real world applications. There are many parameters that could be 

used to analyze the performance. Since the quality of the image is one of the design goals, 

PSNR and MSE are used as the main factors.  

 

The other important parameter is memory space required by the algorithm. Since the 

memory space for an input image and its wavelet coefficients is constant, this complexity 

largely depends on the space required for the mesh data structure. This grows, in turn, 

proportionally with the number of vertices or triangles in the triangulation. It is also possible 

to predict this memory storage for the worst-case scenario because the maximum number of 

faces or vertices is limited by the size of input image. This will be discussed in detail in 

Section 6.1.1. Another important parameter that determines the algorithm’s effectiveness is 

its processing time. This factor can be analyzed from the algorithm’s operations as well as the 

number of elements. Since the number of elements could increase at each level, it is not an 

easy task to evaluate this NP hard problem. This discussion will be presented in Section 

6.1.3. 
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6.1.2 Memory Requirement 

The algorithm used in this thesis employs the combination of the half-edge (directed edge 

mesh) and adapted hierarchical ring structure [Girod, Greiner and Niemann 00].  Based on 

the data structure shown in Appendix A, it requires memory for vertices and for doubly 

linked lists that represent half edge loops, half edges and faces. Besides these link 

connections, the vertex data type needs to store the x-y plane coordinates and its intensity 

value while the face data type requires memory for its three normal surface vectors and its 

assigned neighbor status. For simplicity, let mn = Γ  be the number of triangles and mr V=  

be the number of vertices in the triangulation. The algorithm’s requirements can be evaluated 

as shown in Table 6.1 below. 

 

Most of the required memory is occupied by half-edged-loop linked list. This 

information is necessary because it helps not only the triangle to access its neighbor but also 

the vertex to find its surrounding vertices in constant time. Otherwise, at least a linear time, 

, has to be spent for searching this relationship.  ( )O n

 

Sometimes it is desirable to determine the worst-case scenario. In this situation, every 

pixel is represented by at least a vertex and is connected by triangles to every of its neighbor 

vertices. Therefore, the number of vertices is equal to the number of image height, H, times 

the number of image width, W. The number of triangles can be easily calculated from 2(H-

1)(W-1). With r=HW and n=2(H-1)(W-1), the total memory required for this worst case is 

equal to 98HW+146(H-1)(W-1) or approximately, 244HW byte. If the maximum height and 

width of the image were both 512, this requirement would be about 64 MB for the worst-case 

scenario.  
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Table 6.1 – Memory requirements for the vertex, loop, half-edge and face linked-lists, and 
wavelet coefficients and input image of the algorithm. One byte is equal to 8 bits while each 
word and float is equal to 4 bytes. The vertex degree, h, can vary from two to eight 
exclusively. 

Data Variables Size Data Type Memory  

Vertex Position x, y 2r FLOAT 8r 

 Intensity I r BYTE r 

 Next and Previous Link 2r WORD 8r 

 Link to Loop r WORD 4r 

Loop Next and Previous Link 2hr WORD 48r 

 Pointer to Half Edge hr WORD 24r 

HalfEdge Next and Previous Link 6n WORD 24n 

 Link to Face 3n WORD 12n 

 Link to Vertex 3n WORD 12n 

Face Normal Vector i,j,k 3n FLOAT 12n 

 Neighborhood Assignment n BYTE n 

 Next and Previous Link 2n WORD 8n 

 Link to HalfEdge n WORD 4n 

Coefficient Wavelet Coefficients NxN FLOAT 24N  

Input Data  NxN BYTE 2N  

Total    93r+73n+5 2N  

    ≈120n+5 2N  

 

 

 

6.1.3 Time Complexity 

Since the algorithm involves multiresolution and an increasing number of elements, it is not 

easy to evaluate this NP problem. For simplicity in evaluation and analysis, some 

assumptions are made here. It is assumed that a triangle would split into three smaller 

triangles for each level. This is an unusual case, where every triangle is chosen as candidate 

triangle and no triangle pairing condition is satisfied. Since both the size of the image and 

number of elements can affect the processing time of operations, the time complexity 

evaluation should be a function of the image size and the number of elements.  

 

 70 



CHAPTER 6. RESULTS AND PERFORMANCE ANALYSIS 

For example, in the data-dependent edge-swap operation, it would be a requirement to 

calculate the error of each triangle. Based on Gouraud interpolation, this will require 

calculating error for every pixel. This calculation will depend largely on the size of the 

image. However if the number of vertices and triangles is high, this processing time could be 

dominated by the edge swapping time. Therefore the evaluation should be made for both 

scenarios. Table 6.2 shows the time complexity for each operations as well as the total time 

required by the algorithm. L stands for the level of considerations while M is the highest level 

that the wavelet transform is performed on the image. Q is the number of levels for error-

based refinement.  

 

For region selection, there are two main operations: candidate selection and 

neighborhood assignment. Candidate selection can be based on either absolute error or 

absolute wavelet coefficient. This operation depends on the size of the image rather than the 

number of vertices or triangles. Since the error-based scheme requires calculating the error 

for every pixel location, the time required is proportional to the size of the image. On the 

other hand, the wavelet-based scheme depends on the wavelet coefficients, whose 

information size is reduced to half at each level. Therefore their time complexities at level L 

are  and (O HW )
2L

HWO 

 


  respectively. On the other hand, the neighborhood assignment 

operation, which tries to find the 1-neighbood and 2-neighborhood regions, does not depend 

on the size of the image at all. Instead, its processing time relates to the number of triangles 

and the average vertex degree. Since the number of triangles could increase three times for 

each level at the worst case, the overall time complexity can be expressed as . In 

the worst cased situation, the vertex degree could rise up to almost eight on average.  

( )
1

3
M Q

L

L
O hn

+

=
∑

 

There are two schemes for edge swapping: Delaunay and data-dependent schemes. In 

the Delaunay scheme, the algorithm will choose the triangles in such a way that the minimum 

angle is maximized, while the data-dependent scheme swaps the triangles only when a better 

approximation is achieved. Since the data structure employed is a vertex-based structure 

instead of an edge-based structure, there is no edge linked-list for selecting every edge. 

Instead, the operation scans through each vertex and its surrounding vertices for edge 

swapping. This is approximately equivalent to scanning the edge linked-list twice. As stated 

earlier, this operation is limited to the 2-neighborhood region. For Delaunay triangulation, the 
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time complexity is  and  for its overall time complexity. For the data-

dependent scheme, the time complexity can depend on both the size of the image as well as 

the number of elements. If the image is very large, most of the time will be spent calculating 

the error. However if the triangulation is very dense, processing time will be used for 

checking for violation in triangulation and swapping the edges.  

(O hn) )

)

)

)

(
1

3
M Q

L

L
O hn

+

=
∑

 
One of the fastest operations in this algorithm is the short-edge-collapse operation. 

After searching for short edges and checking triangulation validation, it deletes two triangles 

and a vertex from the triangulation. This operation requires a total only  for its 

overall processing time.  

(
1

3
M Q

L

L
O rh

+

=
∑

 

Vertex removal is one of the most time-consuming operations. Most of the time is 

spent finding eigenvalues and retriangulating the polygon. Although calculating eigenvalues 

is linear in time, its processing takes much longer than just swapping the edge or deleting 

triangles. During the retriangulation process as stated in Section 5.3.1, each farthest vertex 

and its neighbor vertices are chosen to form triangles until the hole is filled. By scanning 

through the vertex and half-edge-loop linked-lists, this operation can be done in 

 time. ( 2

1

3
M Q

L

l
O rh

+

=
∑

 

The last local operator is triangle splitting. In the worst case, where there is a lot of 

change in intensity, the triangles tend to be divided into three smaller triangles. This multiple 

of triangles, which causes a rise of 1.5 and  in time complexity for vertex and triangle-

related operations, is unavoidable because of the refinement process. The total time 

complexity of the algorithm is approximately equal to  or  for a 

low-density triangulation on a very large image size. 

l 3l

( )2

0

3
M Q

L

L
O rh

+

=
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0

M Q

L
O HW

+

=
∑
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Table 6.2 – Time complexity of the triangle selection, edge swap, edge collapse, vertex 
removal and triangle split operations used by the algorithm. H and W are the original image’s 
height and width respectively. 
Operations Sub-Operations Time for level L Time for all levels 

Triangle 

Selection 

Wavelet Candidate 

Selection 2L
HWO  

 
 

 
0 2

M

L
L

HWO
=

 
 
 

∑  

 Error Candidate 

Selection 
( )O HW  

 
( )

1

Q

L
O HW

=
∑  

 Neighborhood 

Assignment 
( )O hn  ( )

0

3
M Q

L

L
O hn

+

=
∑   

Edge Swap - ( )2O HW

( )O hn

+ 

 
( )

0

2
M Q

L
O HW

+

=
∑  +  

( )
0

3
M Q

L

L
O hn

+

=
∑  

Edge 

Collapse 

- ( )O rh  ( )
0

3
M Q

L

L
O rh

+

=
∑  

Vertex 

Removal 

Eigenvalues 

Calculation 
( )O rh  ( )

0

3
M Q

L

L
O rh

+

=
∑  

 Polygon 

Retriangulation 
( )2O rh  ( )2

0

3
M Q

L

L
O rh

+

=
∑  

Triangle 

Split 

Pairing ( )O hn  ( )
1

3
M Q

L

L
O hn

+

=
∑  

 Splitting ( )O n  ( )
1

3
M Q

L

L
O n

+

=
∑  

Total   
( )

0

M Q

L
O HW

+

=
∑  +  ( )2

0

3
M Q

L

L
O rh

+

=
∑

 

 

6.2 Test Images 

In this thesis, six photographic images with different characteristics are used as the test 

images. Figure 6.1 show the six images: Lena, Peppers, Mandrill, Elaine, Moon and Goldhill. 

Each has different characteristics. The Lena image is composed of low, middle and high 

frequency components with many different gradient directions while the Peppers image 

contains a lot of smooth regions with high contrast in intensity because of reflection of light. 
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The Mandrill image, which is one of the most difficult images for compression algorithms, 

contains a lot of very high frequency components and also high contrast in the spatial domain 

(hair and beard). Beside of high frequency components in her hair, the Elaine image contains 

mostly low to mid band frequency. Although the Moon image has a wide dynamic range 

from white to dark, most of the intensity values lie in a very narrow range. The last image, 

Goldhill, is composed of a lot of high to very high frequency details (windows and trees) with 

regions of approximately same intensity value (houses). 

 

In addition to the frequency and gradient information, Table 6.3 gives some statistical 

information of the images. It can be observed that Lena and Goldhill have the two lowest 

dynamic ranges while the Peppers and Moon images have the most and least standard 

deviation respectively. 

 

Table 6.3 – Statistics information of the test images. The possible intensity range is from 0 to 
255 inclusively while the height and width of the images are 512x512. 

Image 
Name 

Mean Standard 
Deviation 

Minimum 
Value 

Maximum 
Value 

Dynamic 
Range 

Lena 124.038 47.852 25 245 220 
Peppers 104.210 57.403 0 229 229 
Mandrill 129.147 42.301 0 230 230 

Elaine 136.357 46.056 0 243 243 
Moon 127.341 28.650 0 243 243 

Goldhill 123.889 49.385 16 235 219 
 
 
 
6.3 Results 

Since a reconstructed image depends on many parameters, it would be an appropriate step to 

determine the approximate optimal value of each parameter. Although data-dependent 

triangles seem to produce the best image quality, they do not guarantee the best result for 

multi-level splitting. The total and maximum wavelet coefficient thresholds, and , 

also have a considerable influence on the overall result. If these values are too high, there will 

be very little splitting and, thus, the triangulation would not represent the image well. 

However, setting this value too low could, on the other hand, cause too much redundant data.  

totalω maxω
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(a) (b)  

  
(c) (d)  

  
(e) (f)  

Figure 6.1 – Test images. (a) Lena. (b) Peppers. (c) Mandrill. (d) Elaine. (e) Moon. (f) 
Goldhill. 
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6.3.1 Mesh Regularity Comparison 

Figure 6.2 shows the comparison of PSNR for different values of mesh regularity factor, . 

This data, which is obtained at the final level, shows that  value in the range of 0.1 to 0.2 

yield the best result. The Lena and Peppers images produce 30.08 and 30.61 dB in PSNR 

respectively. However this result also depends on the number of triangles.  

α

α

 

Figure 6.3 shows the corresponding number of triangles at different values of . It is 

found that =0.1 and 0.2 also produces the best result in term of number of elements. To 

achieve PSNR of 30 dB, 11126 and 10049 triangles are needed to represent the Lena and 

Peppers images respectively. 

α

α

 

The last important factor is the time required to process the triangular mesh. Figure 

6.4 shows the time required by the algorithm at different values of . As expected,  

(Delaunay choice) produces the best result because it does not have to calculate the total 

wavelet coefficient or error energy as the rest do. For the other value of , time tends to 

grow roughly proportionally with the number of triangles. 

α 1α =

α

 

The reason that data-dependent triangles corresponding to  could not produce 

good results at the final level is that many thin, sliver triangles could no longer be subdivided. 

Adjusting the mesh regularity factor  to 0.1 or 0.2 solves this problem by enlarging the 

minimum angle of the triangle so that these triangles are not too thin to be subdivided. If the 

triangles are not too small, it is always possible to divide the triangles. In the Delaunay case 

corresponding to  it is possible to produce better results based on PSNR than for the 

data-dependent scheme. However, this is because the algorithm uses many more triangles to 

approximate the image. However, when time comes into consideration, Delaunay 

triangulation might be more preferable than data-dependent triangulation. Figure 6.5 shows 

the results at different mesh regularity values 0.0, 0.2 and 1.0. 

0α =

α

1α =
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Figure 6.2 – PSNR comparison on the Lena and Peppers images at different values of mesh 
regularity factor, .  is varied from 0 (data-dependent) to 1 (Delaunay).  α α

 

 
Figure 6.3 – The number of triangles needed to represent the Lena and Peppers images at 
different values of .  is varied from 0 (data-dependent) to 1 (Delaunay).  α α

 

 
Figure 6.4 - Processing times of the Lena and Peppers images at different values of the mesh 
regularity factor, . is varied from 0 (data-dependent) to 1 (Delaunay).  α α
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 (a) (b) 

 
 (c) (d) 

 
(e) (f) 

 

Figure 6.5 – Reconstructed image comparison on Peppers image. (a-b) Reconstructed 
Peppers image at mesh regularity = 0.0, (c-d) =0.2, and (e-f) =1.0. α α α
  

 

6.3.2 Level of Detail Control (LOD) Results 

In addition to triangle properties, the refinement of the triangular mesh can be controlled in 

such a way that desired resolution or compression ratio is achieved. The parameters that are 

used to control this property are total and maximum wavelet coefficient energy thresholds, 
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totalω

totalE

α =

and , for the first five iterations as well as total and maximum error energy, 

and , for the last two iterations. The values of and  are {2500, 2000, 

1500, 1000, 500} and {50, 25} for each level respectively. Figures 6.6 and 6.7 show the 

results for PSNR and number of triangles obtained from experimenting the Elaine and 

Mandrill image with different values of  under the same mesh regularity factor, 

. As anticipated, the lower the maximum wavelet energy threshold, the higher the 

PSNR and the number of triangles. Notice that there is a large change in number of triangles 

from = 20 to 10. This is because the Elaine image contains a lot of wavelet coefficients, 

whose value lie in the range of 10 to 20. Figure 6.8 shows the reconstructed image from 

Elaine at different value of . 

maxω

maxE

x

totalω totalE

maxω

0.15

maω

maxω

 

At = 20, an image quality of 30 dB can be obtained with 16419 triangles and 8235 

vertices. This is only 3.141 percent of the original number of vertices. With this reduction in 

data, many applications could take advantage of this for data processing. In some cases where 

high frequency detail is negligible, triangular meshes using = 40 would be good enough 

to represent the image. The vertex percentage is reduced to 0.66 percent. Section 6.3.7 will 

show the advantage of this vertex reduction with a simple eye detection algorithm that could 

predict the possible locations of the eyes in less than a second. 

maxω

maxω

 

 

 
Figure 6.6 – Level-of-detail (LOD) analysis on PSNR comparison at different values of . maxω
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Figure 6.7 – Level-of-detail (LOD) analysis on the number of triangles comparison at 
different values of . maxω
 

  
 
 

(a) (b) 

  
 (c) (d) 
 
Figure 6.8 – Elaine results from level-of-detail experiment. Result from Elaine image at 

= (a) 80, (b) 60, (c) 40, and (d) 20. maxω
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6.3.3 Time Complexity Result 
 

Since the time complexity of the algorithm is estimated to be  based on the 

assumption that the multiple of triangles at each level is at most three, it is necessary to verify 

this assumption experimentally. Figure 6.9 shows the multiple of elements obtained from the 

Lena image. One of the observations is that, at each successive level, the multiples of 

triangles or vertices are no more than three. From this data set, the average multiple for 

vertices and triangles is only around 1.88.  

( 2

0

3
M Q

L

L
O rh

+

=
∑ )

 

 
Figure 6.9 – Element multiplication from the Lena image. The graph shows the ratio of the 
number of elements of the current level and that of the previous level from level 4 to -2  
 

Figure 6.10 shows the time required to process the Moon and Mandrill images at 

different levels. First of all, notice that in the last two iterations, where candidate selection is 

based on error, there is a significant increase in processing time. Regardless of these two 

levels, the time complexity is very close to linear according to the time complexity theory 

. Note that as the number of triangles increases, the average vertex degree, h, changes 

from a little more than 2 to as much as almost 8. This constant does slightly affect the time 

complexity. Note that this value lies in the range of (2,8), not [2,8].  

( 2O rh )
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While the meshes for the Moon and Mandrill images contain about 5000 and 60000 

triangles respectively, both results show that the time required is approximately linear during 

the first five levels of processing. The time for the last two levels, which are data-dependent, 

depend mostly on the size of the image rather than the number of triangles or vertices.  

 

    
Figure 6.10 – Time comparison based on the number of triangles. The graph compares the 
time in seconds and the number of triangles at different level on (a) Moon image. (b) 
Mandrill image. 
 

 

 

6.3.4 Mesh Reduction Results  

This section will compare the results obtained by adjusting the vertex removal threshold, , 

which is used to delete vertices with high values in flatness. The vertex should be removed 

when it is shared by a group of triangles with normal surfaces having approximately the same 

direction. The eigenvalues calculated from the autocorrelation matrix, which represents the 

deviation in angles, are compared with this threshold. Therefore as this threshold is increased, 

it allows more vertices with larger angle deviation to be deleted. Figure 6.11 and 6.12 show 

the results obtained by comparing the number of triangles and PSNR from the Lena and 

Elaine images respectively, while Table 6.4 displays the exact results. 

vδ

 

 

 

 

 

As anticipated, the larger the vertex removal threshold, the more vertices are deleted 

from the triangular mesh. Increasing this threshold also causes the image quality to degrade. 
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For the experiment on the Lena image, removing more than five thousand triangles causes a 

loss of less than 2 dB in PSNR, while a better result of this local operator can be achieved on 

the Elaine image. Deleting more than 7000 triangles only degrades the image quality by less 

than 0.9 dB in PSNR, which is better both in term of the number of elements and sum of 

error. 

 

 
Figure 6.11 – Comparison of the number of triangles on Lena and Elaine image at different 
vertex removal threshold,  from 0.00 to 0.15. vδ
 

 
Figure 6.12 – Comparison of PSNR on Lena and Elaine images at different vertex removal 
threshold, , from 0.00 to 0.15. vδ
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Table 6.4 – Vertex removal comparison as a function of vertex removal threshold, . vδ
 Lena Elaine 
vδ  PSNR 

mΓ  mV  PSNR 
mΓ  mV  

0.000 30.66292 14862 7454 31.25848 19053 9552 
0.025 30.48499 13766 6903 31.17049 17912 8981 
0.050 30.25834 12881 6461 31.01654 16876 8462 
0.075 29.94967 12079 6060 30.82421 15842 7944 
0.100 29.61878 11183 5610 30.73541 14971 7510 
0.125 29.06554 10393 5215 30.70491 13996 7019 
0.150 28.70359 9477 4754 30.41193 12996 6519 

 
 

 
 
6.3.5 Multiresolution Mesh Generation 

This section will show the results obtained at different resolution levels. As the resolution 

level increases, the triangular mesh is refined as explained in Section 5.1.2. Table 6.5 shows 

the results obtained from the Lena image while Figure 6.13 shows the reconstructed image at 

different levels. Level 6 from the table indicates the result from the initial triangulation, while 

result from level 5 is obtained from image enhancement and mesh simplification after the 

initial triangulation. Level 4-0 results are obtained from the wavelet-based refinement 

process, while Levels –1 and –2 include additional refinement basing on absolute maximum 

error instead of wavelet-based refinement. 

 

The second and third column of the table show the number of triangles and vertices at each 

level, respectively, while the fourth column displays the percentage of the vertices compared 

to the original number of vertices, which is 262144 for a 512 by 512 image. The fifth and 

sixth column present the image quality in peak signal-to-noise ratio and mean-square error. 

The last column shows the estimated number of bits per pixel (bpp). With the help of 

geometric compression [Rossignac 99] and coordinate compression [Lee and Ko 00], this 

value can be approximated by 
2 12m mV

HW
Γ +

. 
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Table 6.5 – Results obtained from Lena image, at , ,  from level 6 
to –2. 

0.1α = max 30ω = 0.05vδ =

Level Faces Vertices % V PSNR MSE bpp 
6 294 170 0.0648 16.542706 1452.811646 0.010025 
5 294 170 0.0648 19.472849 739.937622 0.010025 
4 726 386 0.1472 22.135397 400.811554 0.023209 
3 1624 835 0.3185 24.562763 229.194168 0.050613 
2 3196 1621 0.6184 26.640575 142.043808 0.098587 
1 5400 2723 1.0387 28.248449 98.092300 0.165848 
0 8412 4229 1.6132 29.433455 74.668007 0.257767 
-1 10800 5423 2.0687 30.063011 64.592010 0.330643 
-2 11106 5576 2.1271 30.168192 63.046463 0.339981 

 
 

  
 

  

(a) (b) 

 (c) (d) 
 
Figure 6.13 - Reconstructed image of Lena. Reconstructed image and corresponding 
triangular meshes from (a-b) level=6 and (c-d) level=4. 
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(e) (f)  

  
 

  

(g) (h) 

 
Figure 6.13 (continued) - Reconstructed image of Lena. Reconstructed image and 
corresponding triangular meshes from (e-f) level=2, (g-h) level=0, and (i-j) level=-2. 

(i) (j) 
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As the algorithm goes through each decreasing level, the triangulation is refined to a 

better approximation. The initial triangulation starts with only 170 vertices, which is only 

0.0649 percent of the original number. As the level decreases, new vertices are added to 

improve the reconstructed image quality. Achieving 30.17 dB in PSNR, the final 

representation needs only 5576 vertices, which is less than 2.13 percent of the original 

number. One of the advantages of this representation is the reduction in data processing.  

 

Tables 6.6 to 6.10 show the numerical results obtained from the Peppers, Mandrill, 

Elaine, Moon and Goldhill images, respectively. Figures 6.14 to 6.18 show the triangular 

meshes and reconstructed images accordingly.  

 

Table 6.6 – Results obtained from Peppers image, at , ,  from 
level 6 to –2. 

0.1α = max 30ω = 0.05vδ =

Level Faces Vertices % V PSNR MSE bpp 
6 305 176 0.0671 14.579866 2282.933838 0.010384 
5 305 176 0.0671 15.931639 1672.307373 0.010384 
4 819 433 0.1652 20.477892 587.071228 0.026070 
3 1953 1000 0.3815 24.323107 242.197281 0.060677 
2 3787 1917 0.7313 27.122562 127.122887 0.116646 
1 5873 2960 1.1292 29.186617 79.034775 0.180305 
0 8249 4148 1.5823 30.099798 64.047203 0.252815 
-1 8479 4263 1.6262 30.355450 60.385807 0.259834 
-2 10525 5286 2.0164 30.688532 55.927677 0.322273 

 
 

Table 6.7 – Results obtained from Mandrill image, at , , from 
level 6 to –2. 

0.1α = max 30ω = 0.05vδ =

Level Faces Vertices % V PSNR MSE bpp 
6 287 166 0.0633 15.456663 1865.578857 0.009789 
5 287 166 0.0633 17.435432 1182.868896 0.009789 
4 801 423 0.1614 18.621059 900.272461 0.025475 
3 2303 1174 0.4478 19.373562 757.048645 0.071312 
2 6187 3116 1.1887 20.107378 639.355103 0.189842 
1 16073 8059 3.0743 21.168629 500.745483 0.491539 
0 36429 18237 6.9569 22.523401 366.555634 1.112755 
-1 65309 32677 12.4653 24.157387 251.617737 1.994102 
-2 90383 45214 17.2478 25.467768 186.081482 2.759300 
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Table 6.8 – Results obtained from Elaine image, at , , , from level 
6 to –2. 

0.1α = max 30ω = 0.05vδ =

Level Faces Vertices % V PSNR MSE bpp 
6 309 180 0.0687 16.378399 1508.828857 0.010597 
5 309 180 0.0687 18.827400 858.499084 0.010597 
4 819 435 0.1659 22.658472 355.330658 0.026161 
3 2105 1078 0.4112 25.562422 182.069748 0.065407 
2 4231 2141 0.8167 28.183607 99.567856 0.130287 
1 6385 3218 1.2276 29.463198 74.158371 0.196022 
0 8567 4309 1.6438 30.110092 63.895569 0.262611 
-1 9973 5012 1.9119 30.376972 60.087296 0.305519 
-2 10673 5362 2.0454 30.459410 58.957493 0.326881 

 

 
Table 6.9 – Results obtained from Moon image, at , , , from level 
6 to –2. 

0.1α = max 30ω = 0.05vδ =

Level Faces Vertices % V PSNR MSE bpp 
6 310 181 0.0690 21.958431 417.481171 0.010651 
5 310 181 0.0690 25.006672 206.924927 0.010651 
4 844 448 0.1709 26.259544 155.069183 0.026947 
3 2236 1144 0.4364 27.809025 108.536911 0.069427 
2 4724 2388 0.9109 29.087847 80.852821 0.145355 
1 8920 4486 1.7113 30.171782 62.994389 0.273407 
0 13678 6865 2.6188 30.893272 53.352234 0.418610 
-1 17366 8709 3.3222 31.258307 49.051163 0.531158 
-2 19516 9784 3.7323 31.538252 45.989086 0.596771 

 
 
Table 6.10 – Results obtained from Goldhill image, at , , , from 
level 6 to –2. 

0.1α = max 30ω = 0.05vδ =

 
 

Level Faces Vertices % V PSNR MSE bpp 
6 312 179 0.0683 18.654470 893.373047 0.010574 
5 312 179 0.0683 20.542526 578.398682 0.010574 
4 814 430 0.1640 22.074852 406.438324 0.025894 
3 2152 1099 0.4192 23.844721 270.400757 0.066727 
2 4926 2486 0.9483 25.584312 181.154327 0.151382 
1 10062 5054 1.9279 27.105623 127.619652 0.308121 
0 15986 8016 3.0579 28.164490 100.007118 0.488907 
-1 20436 10241 3.9066 28.751886 87.355713 0.624710 
-2 22826 11436 4.3625 29.076180 81.070343 0.697647 
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