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Abstract — We present a new 3D mesh codec for mobile 

devices. Mobile devices have limited resources such as low 
memory, slow CPU speed, low power, and no floating-point 
processor. Considering these mobile characteristics, we 
suggest a new approach: a hybrid of a progressive geometry 
and a single-rate connectivity coding. By this approach, our 
algorithm achieves fast visual updates of progressive 3D 
point clouds on a small screen of a mobile device and later 
finalizes restoring faces of the mesh without intensive 
computing. For a progressive geometry coding, an octree is 
created and coded. For a single-rate connectivity coding, a 
new distance based algorithm is introduced. Our algorithm 
uses only fixed-point arithmetic with simple data structures. 
Our new 3D mesh codec has been tested on a real mobile 
phone and the statistical and visual results are also 
presented in this paper1. 
 

Index Terms — mobile devices, 3D mesh compression, 
connectivity coding,  geometry coding 

I. INTRODUCTION 
In wired systems, there are many 3D applications such as 

games, animation, scientific simulation, virtual reality, and 
medical imaging. The huge size of detailed 3D data has 
encouraged active research into 3D mesh compression and 
many compression algorithms [1] have been presented to 
reduce storage and consequently transmission times. While 
previous algorithms have mostly aspired to lower the 
compression ratio, coding techniques with various 
interesting properties such as efficiency [2], resiliency [3], 
out of core processing [4], and random accessibility [5] have 
also been presented. 

In mobile systems, there is also an increasing demand for 
3D applications. However, mobile devices have constraints 
of low memory footprints, slow CPU speed, low power 
supply, and no floating-point processor yet. Taking 
advantage of relatively plentiful computing resources in 
wired systems, most previous 3D compression techniques 
are not directly applicable to mobile devices. Therefore, in 
this paper we propose a new 3D mesh compression 
algorithm especially designed for mobile devices. 

A 3D mesh consists of three types of data: geometry, 
connectivity, and attributes. The geometry data are 
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composed of vertices which have three floating point values 
(x, y, z). The connectivity data are composed of indices of 
vertices in integers to form faces on the mesh, i.e. 3 indices 
for a triangle. The attribute data provide surface normals, 
texture coordinates, or colors. Generally 3D mesh coders 
focus on compressing the geometry and the connectivity 
data assuming that the geometry data coding can be 
applicable to the attribute data coding. 

Dealing with the geometry and the connectivity of 3D 
manifold meshes, our codec is composed of two parts: a 
desktop encoder and a mobile decoder. A 3D mesh is 
encoded in a desktop PC and the compressed files can then 
be transferred and decoded in a mobile device. 

A. Related Work 
There are two classifications of 3D mesh compression: 

the progressive compression and the single-rate compression. 
Usually the connectivity and the geometry coding belong to 
the same classification. 

For the single-rate compression, the connectivity coding 
has reached a sophisticated level with theoretical studies [6], 
[8], [9]. The number of edges connected to a vertex (i.e., 
valences) [7]-[9] or classified relationship [10], [11] have 
been encoded while traversing every face on a mesh along 
the directed edges or gates. To improve the compression 
ratio, an adaptive traversal [8], [11], [9] and context 
modeling [9] have been suggested. For the single-rate 
geometry coding, deltas between the original and the 
predicted positions have been quantized and encoded in their 
coordinate systems [7] or localized coordinate systems [11], 
[9]. 

For progressive compression, the smooth transition of 
the connectivity data has been focused with a coding of 
incrementally added geometry data [12]-[14]. Recently for 
better compression ratios, a level-based progressive 
geometry coding using a kd-tree [15], [16] or an octree [17], 
[18] has been designed with a progressive connectivity 
coding for intermediate geometry data. 

All of these previous methods require intensive 
computing and memory resources. Floating point arithmetic 
is essential for precise prediction, local coordinate 
transformation, and various filtering for a context modeling. 
Dynamic memory allocations for mesh traversals with a 
stack of gate-lists are also unavoidable. Therefore, all these 
methods require fast CPU speed and high power 
consumption so they can not be directly applicable to mobile 
devices. 

Using a different approach, a geometry image based 
compression [19] can be used in mobile devices. It converts a 
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3D mesh to a geometry image, which is then coded by JPEG 
2000. However, the original mesh can not be fully restored by 
this method. Distortions and data loss are unavoidable when 
partitioning and flattening mesh surfaces to generate a 
geometry image. Our method is to compress 3D mesh data 
themselves so the original mesh can be fully restored. 

B. Overview of Our Algorithm 
In this paper, a new simple 3D mesh compression algorithm 

is presented for mobile devices. 
Our algorithm proposes a new hybrid of a progressive 

geometry and a single-rate connectivity coding. The geometry 
data are decompressed progressively in a coarse to refined 
manner as 3D point clouds. The original connectivity data will 
be decoded after the geometry data are completely restored 
(see Fig.8). The connectivity data for coarse intermediate 
meshes are not encoded. As a result, our mobile decoder not 
only provides fast visual updates to reduce the user waiting 
time but also minimizes the use of computing resources and 
power consumption. 

The octree data structure for the geometry data provides 
progressivity in nature and also quantized vertex coordinates 
in integers, which can be used for fixed point arithmetic. For 
the single-rate connectivity coding, a new method is presented. 
We noticed that adjacent vertices determine a face on a mesh. 
Therefore the connectivity can be represented by the closeness 
between vertices. The distance will be measured by quantized 
integer coordinates and the mesh traversal will be controlled 
by a single gate list of static size. As a result, our algorithm 
can be implemented by fixed-point arithmetic with minimized 
dynamic memory allocation. 

Conjointly, our 3D mesh decoder has been tested in a real 
mobile phone.  The statistical results are listed in Table III and 
Table IV. The visual results are also shown in Fig. 8 and Fig. 
9. 

This paper is organized as follows: In section 2, our method 
is explained in detail. In section 3, the results obtained by our 
method are presented. Finally, a conclusion with a proposal of 
future work is outlined in section 4. 

II. PROPOSED MOBILE 3D MESH CODEC 
Our 3D mesh codec compresses the geometry of vertex 

positions and the connectivity of vertex linkages of 3D 
manifold meshes.  

The goal of our algorithm is to save processing time and 
power consumption in mobile devices by providing the 
following features: 

- limited progressive decoding to reduce the user waiting 
time. 

- fixed-point arithmetic only. 
- simple data structures. 
Therefore, our codec suggests a hybrid of a progressive 

geometry and a single-rate connectivity coding technique. To 
provide for the fast display of the approximated shape on the 
small screen of a mobile device, only the geometry data of 3D 
point clouds will be transmitted progressively. To save on the 

use of the limited resources of mobile devices, temporary 
connectivity data for intermediate point clouds will not be 
generated and encoded. After the geometry is finalized, the 
original connectivity will be transmitted only once. The 
overall procedure of our new algorithm is outlined in Fig.1.  

 

 
Fig. 1.  Overview of our algorithm. Encoding on the left and decoding on 
the right are summarized. 
 

 

Fig. 2.  Visualization of the octree and progressively approximated  
geometry data for the model bunny for levels two through five. 
 

A. A Progressive Geometry Compression 
The geometry data represent the vertices of a 3D mesh. The 

octree has been proved as a good data structure for progressive 
geometry coding [17], [18]. The octree is a tree data structure 
which represents 3D space partitioning. Each internal cell has 8 
children subcells. The level of the octree can naturally control 
the progressiveness from coarse to refined spacing as shown in 
Fig. 2. The octree subdivides internal cells having vertices 
inside only. The subdivision stops when a user-specified level is 
reached. For the model bunny, the octree from level 2 to level 5 
and approximated geometry positions are visualized in Fig. 2. 
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The pseudo code for our connectivity encoding is as 
follows.  

 
1st pass: 
a) Initialization: 

- Specify a seed face. 
- Make a gate-list with three gates from the seed face. 

b) Mesh Traversal: 
Repeat the following:  
- Select a gate from the gate-list as the current gate.  
- Find a minimum bounding box including the pivot and the 
front vertex. 
- Form a face with the front vertex and the current gate. 
- Update the gate-list by removing the current gate and/or 

adding more gates from the newly formed face. 
    Until there are no more gates in the gate-list 
c) Find the maximum bounding box region out of minimum 
bounding boxes for a search space. 
 
2nd pass: 
a) Initialization: same as the 1st pass. 
b) Mesh Traversal: 
    Repeat the following: 
 - Select a gate from the gate-list as the current gate. 

- Find a search space using the maximum bounding box 
 region for the current gate 

- Find a candidate set of vertices in the search space. 
- Sort the vertices in the candidate set by the distance to the 

measuring points V0 and V1 of the current gate. 
- Encode the index of the front vertex in the sorted array. 
- Form a face with the front vertex and the current gate. 
- Update the gate-list by removing the current gate and/or 

adding more gates from the newly formed face. 
Until there are no more gates in the gate-list 
 
The bounding box region and the seed face number will be 

transferred to the decoder in a header file. The decoding as a 
one-pass algorithm is simply identical to the 2nd pass of the 
encoding. The decoder will select the front vertex by using a 
decoded index from the same candidate set and restore the 
front face.  

To compute a distance between vertices, no floating point 
arithmetic is used. For the distance between vertices A and B, 
the quantized coordinates (ia, ja, ka) and (ib, jb, kb) in integers 
are used as follows:  

Distance (A, B) = (ia – ib)2 + (ja – jb) 2 + (ka – kb) 2             (1) 

To measure the distance from the vertex P to the measuring 
points, the following formula is used with the above (1).  
  
    Distance (P, V0, V1) =  Distance (P, V0) + Distance(P, V1) 
 

To deal with a mesh with boundaries, two sequences can be 
generated: a status-symbol sequence and an index sequence. A 
status-symbol indicates whether a gate is located on the 

boundary of the mesh (i.e., B) or not (i.e., I). If the gate is on 
the boundary, there is no front face and no index will be 
generated. Only internal gates will generate indices to find 
front vertices. Simple meshes without a boundary will only 
generate a sequence of indices. Generated sequences will then 
be coded by an arithmetic coder [20]. 

An example of our connectivity encoding process for 8 
faces is described in Fig. 5. The blue triangle is a seed face 
and a gate-list is created with the three edges of the seed face. 
In Fig. 5 a), for a selected current gate, the candidate set has 8 
vertices (1 red front vertex and 7 yellows). The visited 
vertices including the back vertex and two vertices of the 
current gate in the red search space will not be included in the 
candidate set. A status-symbol I and an index 2 are generated 
an d  en co d ed  s ince  the  curren t  ga te  i s  in ternal ly 

 

 
Fig. 5.  An example of our new connectivity coding process. The blue 
triangle is a seed face. For each gate, a symbol I for the internal gate or a 
symbol B for the boundary gate is coded with a sorted index of the front. 
The yellow vertices are candidates to be sorted in the red search space. 
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TABLE II 

DISTRIBUTION OF INDICES 

Model Face # Index 0 Index 1 Index 2 Index 3 
or more 

random 8,672 7,901  502  154 114 
egea_u 10,373 10,211  121  31 9 
fandisk 12,946 9,965  2,441  488 51 
venus 16,532 10,786  2,951  1,376 1,418 
foot 20,028 14,796  2,599  1,260 1,372 
sphere 20,480 20,479  0  0 0 
tf2 28,014 25,333  1,490  494 786 
horse 39,698 34,066  3,667  1,173 791 
maxplanck 50,801 36,420  7,696  3,315 3,369 
feline 99,732 75,836  14,430  5,207 4,258 

Distribution of indices of the front vertices in the sorted candidates. The 
2nd col. shows the number of faces in each mesh. From the 3rd to 6th col., 
the number of index 0, 1, 2, and more than 2 are listed. Notice that mostly 
index 0’s are generated. 
 

 
 

Fig. 6. A chart of generated indices for the model horse and tf2. A low-
entropy sequence of indices produces the connectivity bitrates of 1.63b/v 
for a horse and 1.52b/v for a tf2 (See Table III). 
 
located and the front vertex is in the 3rd place in the array of 8 
vertices, sorted by the distance to the current gate. Then the 
triangle 1 is formed. The current gate is removed from the gate-
list and two gates from triangle 1 are added to the gate-list. In 
Fig. 5 b), the front vertex is the closest to the current gate so an 
index 0 with a symbol I is encoded. Usually the front vertex is 
the closest to the current gate and an index 0 is encoded. In Fig. 
5 f) the current gate is on the boundary so the symbol B is 
generated with no index symbol. The current gate will simply be 
removed from the gate-list and no more gates will be added to 
the gate-list. 

Our connectivity encoding can generate a low-entropy 
sequence of index symbols as shown in Table II for the tested 
models and Fig. 6. for the horse and tf2. Statistically we can 
confirm that the front vertices are located closest to the current 
gate and index 0’s are mostly generated.  For the sphere model, 
index 0’s are only generated. 

The average bit-rate for test models by our connectivity 
coding is 1.82b/v. The test results by our connectivity coding 
algorithm are listed statistically in Table III and Table IV and 
visually in Fig. 8, and Fig. 9. 

III. RESULTS BY OUR MOBILE 3D CODEC 
Designed for mobile devices with limited resources, our 3D 

mesh compression algorithm has been implemented in a real 
mobile phone and an emulator. Our desktop encoder is 
developed by Visual Studio 2005 (C++). The platform of our 
mobile decoder is SK Telecom WIPI 1.2 and Visual C++ 6.0 
and C with openGL-ES 1.1 and GIGA(Graphic Instruction 
Graphic Acceleration) API are used. Our decoder is also 
implemented in a WIPI emulator on a desktop system.  

The test meshes are shown in Fig. 7. To measure the 
compression ratio with the distortion of 12-bit quantization, 
the depth of the octree is set to 12 except for the fandisk 
model with 10. The compression ratio is measured by bits per 
vertex (b/v) in Table III. Also the sizes of the decompressed 
and the original files in KB are compared in Table IV. Our 
mesh codec compresses test data on average to 2.8% of their 
original file size with the total bit-rate of 22.0b/v.  

Since our 3D mesh codec combines a progressive geometry 
and a single-rate connectivity coding, it is difficult to simply 
compare our algorithm with previous algorithms. The current 
leading single-rate connectivity coding techniques result on 
average in 0.9b/v [9] and 1.1b/v [11]. Our new method 
produces 1.8b/v for the same data. For the progressive 
geometry coding only, our method generates higher bitrates, 
2.4 ~ 4.6b/v more than the current leading progressive 
geometry algorithms [15], [18].  

However, with intensive floating point arithmetic, 
previous encoding techniques also require managing 
complex data structures [7]-[11]. It also requires CPU time 
and power consumption in mobile devices. Many gate-lists 
and a stack of gate-lists are necessary. Furthermore the 
correct order of gates in a gate-list should be kept to deal 
with splitting and merging gate-lists and to compute angles 
between consecutive gates for adaptive traversal. Focusing 
on the utility in mobile devices, our connectivity coding can 
ignore the consecutive ordering of the gates in the gate-list 
so only one simple gate-list is used. The memory for the 
gate-list can also be statically allocated with a maximum 
size found during the encoding.  

Therefore our 3D mesh codec is efficiently designed for 
low-powered mobile devices and also still provides 
competitive bit-rates. 

The processing time in seconds and the amount of memory 
in KB used by our algorithm have been measured in a real 
mobile phone and listed in Table V. Depending on the models, 
the processing time ranges from 26 to 183 seconds. The speed 
of ARM CPU in the mobile phone ranges from 190MHz to 
400MHz while 2.0GHz to 3.0GHz by a desktop PC CPU. In 
addition, low memory and the embedded OS require more 
processing time than a desktop PC. Therefore the processing  
time on the mobile phone usually takes about 20 times more 
than on a desktop PC.  

A big model feline of 5MB could not be decoded in the 
mobile phone due to a shortage of memory. While restoring each 
mesh, additional memory for processing the octree, a gate-list, 
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Fig. 7.  Test  models. 

 
TABLE III 

COMPRESSION RATIO BY BITS PER VERTEX  

Model #V Geometry 
 (b/v) 

Connectivity 
(b/v) 

Total 
(b/v) 

random 4,338 25.69 1.17 26.86 
egea_u 5,315 22.90 0.59 23.49 
fandisk 6,475 16.00 1.92 17.92 
venus 8,268 22.79 3.29 26.08 
foot 10,016 19.64 2.79 22.43 

sphere 10,242 22.65 0.00 22.65 
tf2 14,169 18.42 1.52 19.94 

horse 19,851 18.40 1.63 20.03 
maxplanck 25,445 18.78 2.88 21.66 

feline 49,864 16.91 2.42 19.33 

The ratio is measured by bits per vertex (b/v). The 2nd column is the 
number of vertices. The 3rd is the ratio for the octree. The connectivity 
rates are in the 4th and the total bit-rates is listed in the last column. The 
model random is a sphere with randomized connectivity. 
 
and pointers to adjacent vertices and faces are required. After 
restoring a mesh, the memory for the octree and the gate-list is 
released so the memory used after decoding is reduced. 

Captured on a mobile phone, progressive displays of a 
model horse by our mobile decoder are shown in Fig. 8 (a) to 
(h). First, the octree is progressively restored displaying 3D 
point clouds as center vertices of internal cells, shown in Fig. 
8 (a) to (d) from level 4 to level 11. Then the connectivity is 
decoded restoring triangular faces incrementally as shown in 
Fig. 8 (e) to (h).  More 3D meshes restored by our mobile 
decoder are also captured and listed in Fig. 9 (a) to (d). 

IV. CONCLUSION AND PROPOSED FUTURE WORK 
In this paper, a new compression algorithm for 3D manifold 

meshes for mobile devices is presented. Focusing on the 
utility of our algorithm in a mobile environment, a hybrid of a 
progressive geometry coding of vertex positions and a single- 
rate connectivity coding of vertex linkage is proposed. Fast  

TABLE IV 

COMPRESSION RATIO BY FILE SIZE 

Model Verts. Geo. 
(KB) 

Con. 
(KB) 

Total 
(KB) 

Orig. 
(KB) 

Comp. 
Ratio 
(%) 

random 4,338 13.65 0.80 14.45 444 3.25 
egea_u 5,315 14.90 0.60 15.5 540 2.87 
fandisk 6,475 12.69 1.64 14.33 520 2.76 
venus 8,268 23.05 3.53 26.58 800 3.32 
foot 10,016 24.06 3.75 27.81 945 2.94 
sphere 10,242 28.36 0.10 28.46 1,030 2.76 
tf2 14,169 31.90 2.91 34.81 1,170 2.98 
horse 19,851 44.62 4.19 48.81 2,070 2.36 
maxplanck 25,445 58.39 9.29 67.68 2,630 2.57 
feline 49,864 103.00 14.99 117.99 5,000 2.36 
The ratio is measured by the percentage (%) of the decreased file sizes 
from the original sizes. The original size is listed in the 6th column. The 
total of compressed files is in the 5th column with the ratios in the 7th 
column.  

 
TABLE V 

PROCESSING TIME AND MEMORY USED BY OUR NEW ALGORITHM 

Model Decoding Time 
(second) 

Memory on 
Decoding (KB) 

Memory after 
Decoding (KB) 

random 25.73 1,217 1,034 
egea_u 35.01 1,483 1,251 
fandisk 38.36 1,818 1,545 
venus 63.05 2,338 1,985 
foot 63.75 2,830 2,396 
sphere 63.97 2,859 2,441 
tf2 108.20 3,988 3,364 
horse 137.80 5,600 4,747 
maxplanck 182.42 7,168 6,079 
feline - - - 

The processing time and memory used are measured in a real mobile 
phone. A big model feline can not be decoded in the mobile phone. 

 
visual updates with minimized computing can be 
accomplished by our approach. By using the octree data 
structure, the progressive geometry is arranged with a simple 
binary coding. A new distance-based connectivity coding is 
also introduced. The distance between vertices are calculated 
by fixed-point arithmetic and a simple gate-list with 
minimized dynamic memory allocation is used for fast 
processing to lower the power consumption. 

In the future, research to lower the compression ratio will 
be necessary. To decrease the search space for the 
connectivity coding, more experiments will be conducted. A 
new prediction for geometric positions will also be studied 
further to produce a better geometry compression ratio. 
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