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Abstract 

High resolution 3D range scanning as well as iso-
surface extraction have introduced densely and uniformly 
sampled models that are difficult to render at an interactive 
rate. To remove excessive details and produce meshes of 
various resolutions for different kinds of applications, the 
study of fast and high quality polygonal mesh 
simplification algorithms has become important. In this 
paper, we propose a new linear time algorithm that can 
achieve fast and high quality mesh simplification. In the 
new algorithm, we pipeline the cost computation, 
optimization, and edge collapse, and use a small constant-
sized Replacement Selection min-heap instead of a large 
greedy queue to effectively reduce the runtime complexity 
to linear complexity. Compared to previous works, our new 
algorithm has at least three advantages. First, the new 
algorithm is runtime efficient. Second, the new algorithm is 
memory efficient. Third, the algorithm is capable of 
generating competitive high quality outputs. 

 
 

1 Introduction 

Polygonal meshes have been widely accepted as a 
boundary representation of 3D objects [1]. However, 
complex objects in fine details often require a high-
resolution representation that contains a huge amount of 
polygons. Examples like the Digital Michelangelo Project 
[2] and the Visible Human Project [3] create models of 
size from tens of millions to billions triangles. Processing 
or rendering such models usually requires simplification. A 
polygonal mesh simplification algorithm is useful in at 
least two aspects. First, it can be used to remove excessive 

details that can be recovered by proper texture mapping 
techniques. Second, it can be used to construct 
multiresolution representations of the input mesh to satisfy 
the needs of various applications [4]. Among the previous 
works, four types of methods are significant: wavelet 
methods [5][6], vertex clustering methods [7]-[9], iterative 
contraction based methods [10]-[16], and reverse 
simplification (R-Simp ) methods [17].  

Hoppe et al. [11] first cast mesh simplification as an 
optimization problem. Three topological operators— the 
edge collapse, the vertex split, and the edge swap are 
applied iteratively to minimize an energy function that 
estimates the deviation of the current mesh from the 
original surface. The result has very good quality; however, 
the runtime cost for such optimization is unacceptably 
long. In his later work [12], a greedy-based structure 
together with the energy function was adopted to optimize 
the selection of candidate edges. Furthermore, a 
progressive representation of polygonal meshes called 
progressive mesh (PM) provides a continuous 
multiresolution representation by reversing the edge 
collapses according to previously stored history records of 
the collapsed edges. Inspired by the plane-based error 
metrics [13], Garland et al. proposed another metrics 
named quadric error metrics (QEM) [14] that measure the 
sum of squared distances from a relocated vertex to the set 
of planes spanned by all faces in its ring neighborhood. In 
[14], the face quadrics as well as all the vertex quadrics are 
computed and saved before simplification. Lindstrom and 
Turk suggested computing vertex quadrics on the fly [16]. 
This scheme eliminates the need of storage space for 
storing the vertex quadrics and generates better quality 
outputs at the cost of lower runtime efficiency. A more 
recent work used multiple-choice techniques [18]. The 
method seems very fast. However, the algorithm requires 
the input mesh to be a sequence of spatially ordered 
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polygon soup. If the input mesh does not satisfy this 
requirement, an external sort ing process must be executed. 
Moreover, the algorithm is incapable of differentiating 
boundary edges from non-boundary edges of the input 
mesh. If the input mesh contains many holes, a large 
portion of the in-core buffer is  needed to hold the 
boundary edges until the whole input mesh is scanned. 
Moreover, such an approach adopted the half edge 
collapse operator rather than the full edge collapse 
operator; hence, it usually generates lower quality output 
than those using the full edge collapse operator with the 
optimal placement. 

In this paper, we propose a novel polygonal mesh 
simplification algorithm that employs an iterative edge 
collapse procedure to generate high quality 
approximations of the input mesh with low main memory 
and runtime costs. The new algorithm has at least three 
benefits.  

First, our algorithm is runtime efficient and has only 
Θ(n) time complexity. In comparison with [10]-[16], our 
method is significantly faster for two following reasons: 
first, it adopts two-level optimization that defers the 
calculation of the optimal placement of the new vertex, 
which saves a lot of calculation for solving a linear system; 
second, our method uses a pipeline scheme and a small 
constant-sized Replacement Selection (RS) min -heap 
rather than a large greedy queue. This approach 
successfully reduces the time complexity of the algorithm 
to be Θ(n) that is significantly lower than those of the 
methods proposed in [10]-[16]. 

Second, our algorithm is highly memory efficient. The 
new algorithm adopts the memoryless scheme suggested 
by Lindstrom et al., which computes the vertex quadrics 
on the fly [16]. Additionally, we apply a small constant-
sized RS min-heap instead of a large greedy queue. These 
two schemes eliminate the main memory cost of the vertex 
quadrics and the large greedy queue.  

Third, our algorithm produces very good quality 
outputs. Our method adopts the quadric error metrics and 
uses the full edge collapse operator with the optimal 
placement strategy. From experimental results, our method 
obviously generates higher quality outputs than the famous 
QSlim V2.0 does [19].  

2 Preliminaries 

Before introducing our work, we will briefly review a 
number of related works and terminologies in this section. 

2.1 Ring  

Figure 1 shows the ring of a vertex v, denoted as r(v). 
For a ring, we only store the indices of the incident faces 
into an array. Hence, we define the ring of a vertex v  to be 
the set of faces in the ring, i.e., 

{ }543210  , , , , ,)( ffffffvr = . For better performance, we 
use an array of unsigned integers to store the ring of a 

vertex. 
 

v 
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Figure 1.  The ring of a vertex v. 

2.2 The Edge Collapse 

An edge pq  is represented by two directed half-edges 

denoted as  pq  and qp  [20]. The full edge collapse 

operator on edge tsvv  removes the edge tsvv  and its 
incident faces. After the edge collapse operation, the end 

points of tsvv  are merged to a new vertex vn. By contrast, 

the half edge collapse operator vs→vt is equivalent to the 

collapse of tsvv  that restricts the placement of the new 
vertex to vt or realizes the decimation of vertex vs that fills 
the resulting hole by connecting vt to the other non-
neighboring boundary vertices [15]. An example of the 
above two edge collapse operations is illustrated in Fig. 2.  

 

half edge collapse 

v r  full edge collapse 

v n v l  

v s  v r  

v l 
v r v t 

v l v t 

 
Figure 2.  An example of the half and full edge collapses. 

Considering the ring of a  vertex vs as shown in Fig. 2, it  
may be simplified by removing one of the non-boundary 
edges. We may treat the simplification of a mesh as a 
series of distinct vertex ring simplifications. 

2.3 The Quadric Error Metrics  

Garland and Heckbert proposed the use of the quadric 
error metrics, or simply denoted as QEM. The QEM 
originates from the plane-based error metrics proposed by 
Ronfard and Rossignac [13], which measures the 
maximum distances from a set of planes to a given vertex. 
Rather than measuring the maximum vertex-to-plane 
distances, the quadric error metrics calculates the sum of 
squared distances from a set of planes to the vertex. The 
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computation of such a measurement can be efficiently 
speeded up by matrix techniques; hence, it can lead to a 
very fast simplification algorithm. Since our method is 
based on this error metrics, the following is the brief 
review of its mathematic reasoning. 

Each triangle in the original surface mesh spans a plane. 
Given a plane whose equation is 0=+++ dczbyax  or 

0=+ dvnT  where [ ]Tn cba=  is the unit face normal 
and d is a scalar constant, the squared distance from a 
vertex [ ]Tv zyx= to the plane is  

22 2)()( dddD ++=+= vnvnnvvnv TTTT . (1) 

For a given plane ,0=+ dvnT  the fundamental 
quadric  Q of the plane is defined as a  4×4 symmetric 
matrix  
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Therefore, the squared distance from a vertex v to the 
plane is  

vQvv T=)Q( , where [ ] [ ] .11 TTTvv zyx==  (3) 
Given a vertex v, the vertex quadric of v is defined as 

the sum of the fundamental quadrics of the planes spanned 
by the faces incident to v. Let r(v) be the set of faces 
incident to v and Qi be the face quadric of face fi, for 
fi∈r(v). Thus, the vertex quadric of v  is   

∑
∈∀

=
)(vrfi

iv QQ . (4) 

Considering the full edge collapse of tsvv , it 
introduces a new vertex vn. The error cost of this edge 
collapse can be estimated by the sum of squared distances 
from vn to the set of planes spanned by the surfaces 
incident to vs or vt. Let r(vs) and r(vt) be the rings of vs and 
vt, respectively. The sum of squared distances from vn to 
the set of original surfaces is  
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where [ ] [ ] .1      TT
n 1vv nnnn zyx==  

The error cost may be further minimized by solving an 
optimal placement of the new vertex vn from 

( ) ,022)(QQ t =+=+∇ bAvv nns  or .bAv n −=  Note that 
the linear system has a unique solution only when the 
matrix A is non-singular or invertible. 

3 The Simplification Algorithm 

In the main, the algorithm is composed of three stages: 
the preprocessing stage, the simplification stage, and the 
output stage. In the preprocessing stage, the vertex rings 
are constructed through a single pass over the faces of the 

input mesh. Upon processing each face, the face index is 
inserted to the incident face lists of the three vertices. 
Following the preprocessing stage, the simplification stage 
and the output stage are repeatedly performed until the 
termination condition is satisfied. Every pass of the loop 
outputs a new level of approximation. Thus, if k  iterations 
are executed, the algorithm may produce k  levels of details  
(LOD).  

The algorithm accepts an input mesh M(V, F) encoded 
in index face format comprising vertex geometries 

|~|1 ,) , ,( ViVzyxv iiii =∈= and triangle faces of three 

vertex indices |~|1 ,) , ,( FiFvvvf cbai =∈=  as well as a 
termination condition variable goal that specifies the 
number of faces of the coarsest LOD. The algorithm is 
roughly outlined as follows: 

 
Algorithm: High Quality Mesh Simplification (HQMS) 
1. Calculate the set of rings, R={r(v)|v∈V}. 

For each triangle face f i(va, vb, vc) of F, i=1~|F|,  
insert i to r(va), r(va), and r(va). 
 

2. Simplify the input mesh on the basis of R as follows: 
1) Build up a minimum RS-Heap H of k  records (k  is a 

constant) as follows:  
(1) For each r(vi) of R, i=1~k ,  

Compute C(r(vi))=( eij, )(Qi jv , Qi) such that 

)(Qi jv  is the smallest for all internal edges 
of r(vi). 

Insert C(r(vi)) to H with )(Qi jv  as the key. 

2) For each r(vi)∈R, i=k+1~|V |,  
(1) If fc(vi)=1, perform the following calculations: 

Compute C(r(vi))=( eij, )(Qi jv , Qi) such that 

)(Qi jv  is the smallest for all internal edges 

of r(vi). 
Delete the root of H, C (r(vs)) =(est, )(Qs tv , Qs).  

Insert C(r(vi)) to H with )(Qi jv  as the key. 

(2) If fc(vt) = 1, perform the edge collapse on est as 
follows: 
Find I(eij)={f | f = (vs, vt, vk)∨  (vt, vk, vs)∨  (vk, vs, 

vt)∨  (vt, vs, vk)∨  (vs, vk, vt)∨  (vk, vt, vs)}. 
Let F = F − I(eij) and V=V−{vs}. 
Set fc(vs) and fc(vt) to 2. 
Calculate Qt and let Qt=Qs+Qt.  
Find the optimal placement of vt. 

(3) If |V | < goal, proceed to Stage 3. 

3) Repeat the following operations until |H|=0 or |V | < 
goal: 
(1)Delete the root of H, C (r(vs)) =(est, )(Qs tv , Qs).  
(2) If fc(vt) = 1, perform the edge collapse on est as 

follows: 
Find I(eij)={f | f = (vs, vt, vk)∨  (vt, vk, vs)∨  (vk, vs, 

vt)∨  (vt, vs, vk)∨  (vs, vk, vt)∨  (vk, vt, vs)}. 
Let F = F − I(eij) and V=V−{vs}. 
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Set fc(vs) and fc(vt) to 2. 
Calculate Qt and let Qt=Qs+Qt.  
Find the optimal placement of vt. 

(3) If |V | < goal, proceed to Stage 3. 
 

3. If |V| > goal, go back to Stage 1; otherwise, output the 
remaining vertices and faces of M(V, F). 

3.1 Data Structures 

As shown in Table 1, there are eight data structures 
used by our algorithm. The vertex and face tables, 
respectively, store the vertices and faces of the input mesh. 
The ring file stores the rings of the vertices, which 
provides local connectivity information to each vertex.  

Table 1. The eight data structures and their sizes. 

Data Element 
Type 

Element 
Size (bytes) 

Number of 
Elements 

Vertex table VertexT 12 |V| 
Face table FaceT 12 |F| 

Ring RingT 4×MAXDEG1 |V| 
Vertex flag byte 1 |V| 
Face flag byte 1 |F| 

Contraction flag byte 1 |V| 

Vertex index table unsigned 
integer 4 |V| 

Face index table unsigned 
integer 

4 |F| 

1. MAXDEG is the maximum degree of the vertex connectivity -1. 
 
Among these data structures, three of them serve as flag 

variables, i.e., the vertex flag, the face flag, and the 
contraction flag. The former two flags indicate the 
presence of the corresponding vertex and face, which are 
primarily used at the output stage for exporting the 
resulting mesh. The contraction flag is used to represent 
the status of the ring of the corresponding vertex. Let r(v) 
be the ring of a vertex v and R={r(v)|v∈V}. For each 
vertex v of V, we associate its ring, or r(v), with a flag fc(v) 
whose value is given in Table 2.  

Table 2. Values of the contraction flag. 
Flag value Meaning 

0 |r(v)|=0 
1 Unmodified 
2 Modified 
3 |r(v)| ≥ MAXDEG 

 
If no incident face is found in the ring of a vertex v of V, 

or |r(v)|=0, then fc(v)=0. If the number of incident faces of 
a vertex exceeds MAXDEG, or ,)( MAXDEGvr ≥  then 

fc(v)=3. If MAXDEGvr << )(0  and the topology of the 
ring of a vertex is modified by an edge collapse, the 
contraction flag corresponding to the vertex is set to ‘2’;  
otherwise, it is set to ‘1’.  

The vertex and face index tables, respectively, store the 
indices to the vertices and faces of the output mesh. These 
two tables are used at the output stage to export the 

simplified mesh.  

3.2 The Preprocessing Stage  

At this stage, the algorithm constructs the ring of each 
vertex from the face set, which gathers topological 
information about a vertex. To obtain better runtime 
efficiency, we implement the ring as an array of face 
indices. Upon visiting a face, the face index is inserted to 
the array of each vertex of the face. The first element of 
the array keeps the number of faces of the ring, or |r(vi)|, 
where .|~|1 , ViVvi =∈  An upper bound, MAXDEG, to 
|r(v)| of a vertex v has to be specified, so that the rings can 
be retrieved and cached efficiently through block transfer. 
However, a large upper bound may cause too much waste 
of memory space, while a small upper bound leads to too 
inferior quality. The upper bound should be carefully 
selected. The operations of this stage is summarized as 
follows:  

 

 For each fi(va, vb, vc)∈F, i=1~|F|:  
1. If fc(va)=0, then initialize r(va), insert fi to 

r(va), and set fc(va)=1.  
2. If fc(va)=1 and |r(va)| < MAXDEG, then insert 

fi to r(va); otherwise, if |r(va)|=MAXDEG, 
then set fc(va)=3. 

 

3.3 The Simplification Stage  

The simplification stage of our algorithm integrates the 
cost evaluation, optimization, and contraction into a single 
pipeline as illustrated in Fig. 3.  

 
r(vi) 

cost computation 

RS min-heap 

full edge collapse 
(optimal placement) 

vi 

vn 

vi 

vj 
ei j 

vs 

vt 
est 

) ),(Q ,())(( s st Qvsts evrC =

) ),(Q ,())(( i ij Qviji evrC =

 
Figure 3.  The simplification pipeline. 

The simplification process has three substages 
corresponding to the three steps of sorted runs generation 
using the RS min-heap, i.e., the initialization, operation, 
and finale. [21]. In primary, the procedure computes the 
optimal contraction for a ring r(vi) as follows: 
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 Let cost be a large number.   
1. Compute the vertex quadric of vi, Qi, from r(vi). 
2. Compute the set of boundary vertices of r(vi), 

b(r(vi))={vj|vj∈r(vi)∧vj≠vi}. 
3. ∀vj∈b(r(vi)), if |r(vi)∪r(vj)|<MAXDEG and cost 

> )(Qi jv , then C(r(vi))=( eij, )(Qi jv , Qi). 
 

In the finale step, the computation of the new 
contraction record is no longer needed. Instead of inserting 
new records, null records with large costs are inserted to 
the next -run part of the heap, so that valid records are 
squeezed out from the heap. The deletion and execution of 
the root record are  repeatedly performed until the heap is 
full of null records or the number of the remaining faces is 
less than or equal to the required resolution. 

Following an edge collapse, our previous work [22] 
suggested a set of dependency control strategies. This 
strategy is based on the definition of a set of dependent 
vertices called dependent set. According to such a set, all 
contractions are categorized into two classes: strict 
dependent contractions and loose dependent contractions. 
Let the dependent set be Vd, the set of dependent 
contractions be D, the set of strict dependent contractions 
be Ds, and the set of loose dependent contractions be Dl. 
Therefore, we  have ,ls DDD ∪=  where 

{ }dijis VvvvD ∈→=  and { }djjil VvvvD ∈→= . These two 

types of dependent contractions should be avoided.  
To keep track of the vertices in the dependent set, we 

associate each vertex with a flag variable called 
contraction flag. The contraction flag values are assigned 
according to Table 2. In our implementation, given an edge 
collapse as depicted in Fig. 2, we denote { }tsd vvV  ,= . By 
checking the corresponding contraction flag of vs, we may 
easily identify the strict dependent contractions that should 
be excluded from execution. Prior to carry out a 
contraction record, for example, C (r(vi))=(eij, )(Qi jv , Qi), 

the contraction flags of both vs and vt are verified. If 

,1)(1)( ≠∨≠ tcsc vfvf  the contraction is not 
executed.  

3.4 The Output Stage 

The output stage exports the remaining vertices and 
faces in the face table. Let an iteration of the outer-most 
while-loop of the new algorithm be a step. For each step, 
the output stage generates a new level of approximation. If 
k  steps are required to achieve the coarsest resolution, k 
levels of approximation are generated. These different 
levels of approximation naturally form a set of static LOD 
representations of the input mesh in which the original 
mesh is just the level-0 mesh, or M0, and the output from 
the i-th step is the level-i mesh, or Mi.  

3.5 Time Complexity Analysis  

In the main, the algorithm is composed of three stages, 
namely, the preprocessing, the simplification, and the 
output stage. The time complexity of the algorithm is 
derived as follows. 

The preprocessing stage requires a single pass over the 
entire face table; hence, the runtime cost of this stage is 
about T1=Θ(|Fi|)=Θ(|Vi|) for the i-th pass of simplification. 

The simplification stage comprises three substages, i.e., 
the initialization, operation, and finale. The three substages 
totally require |Vi|+h steps if the input mesh contains |Vi| 
vertices and the heap consists of h records. Since h  is a  
constant, the cost for insertion to or deletion from the RS 
min-heap in each step is also constant. Thus, the runtime 
cost, T2, of this stage for the i-th pass of simplification is 
also Θ(|Vi|). 

The output stage involves two loops to export the 
remaining vertices and faces. Hence, the time complexity 
of this stage, T3, is also Θ(|Vi|) for the i-th pass of 
simplification. 

The simplification proceeds iteratively until the input 
mesh is simplified to the desired resolution. Since Vd={vs, 
vt}, i.e., |Vd|=2, about |V/2| contractions are executed 
during pass-i simplification. Let M1(V1, F1), M2(V2, F2), … , 
and Mi(Vi, Fi) be the output from pass-0, pass-1, … , and 
pass-(i-1) simplification, respectively. Then, 

|V1| ≈ n−(n/2) = n/2, 
|V2| ≈ |V1| − (|V1|/2) = |V1|/2 = n⋅(1/2)2,  

        M  
|Vi|≈ |Vi-1| − (|Vi-1|/2) = |Vi-1|/2 = n⋅(1/2)i,  
If the desired resolution has n0 vertices and the 

simplification successfully stops at pass-m, then |Vm| ≤ 
n⋅(1/2)m ≤ n0. Therefore, (1/2)m≤(n0/n). By taking 
logarithms on the both sides, we have 
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passes  to complete the simplification stage. Thus, the 
overall time complexity of the algorithm is  
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4 Experimental Results 

In this section, we perform the experiments on a 
personal computer equipped with an Intel Pentium IV 
2.2GHz processor, 1 GB DDR DRAM, and a disk system 
with three IDE 7,200 RPM hard disks. Three graphical 
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models  are employed in the experiments, including the 
Dragon mesh, Happy Buddha mesh, and David mesh. The 
test results are compared with those created by the famo us 
public domain software QSlim V2.0 [19]. The first two 
models are downloaded from the Stanford 3D Scanning 
Repository (http://www-graphics.stanford.edu/data/ 
3Dscanrep/). The David mesh is downloaded from the 
Digital Michelangelo Project Archive of 3D Models  
(http://www-graphics.stanford.edu/dmich-archive/) [2]. 
The three models are all with the indexed-face 
representation encoded in PLY file format. Their statistics 
are listed in Table 3. 

Table 3. Test models and their statistics . 

Model Dragon Happy 
Buddha 

David 
(2mm) 

No. of vertices 437,645 543,652 3,614,098 
No. of faces 871,414 1,087,716 7,227,031 

File size (Mbytes) 33.8  42.6 124.07 

 
In the experiments, the test models are simplified with 

our new algorithm and the public domain in-core 
simplification package QSlim V2.0. The results are then 
analyzed with the public domain software Metro V3.1 [23] 
to measure the geometric errors of all output models . The 
memory requirements, the program execution times, and 
the geometric errors of the outputs of our new algorithm 
(HQMS) as well as those of the QSlim V2.0 will be given 
in following subsections. To provide a basis for 
comparison, we prefer to use a public domain package 
rather than another version implemented by us for the sake 
of fairness. Since the QSlim V2.0 is well known for its 
good quality output and its fast runtime among in-core 
simplification methods, we therefore adopt it as the object 
of comparison.  

4.1 Memory Requirements 

The memory requirement includes the disk space and 
main memory space. According to Table 1, our new 
algorithm requires (18+4×MAXDEG)× |V|+17× |F | bytes 
disk space for intermediate data. In all experiments, we let 
MAXDEG be 20; hence, the new algorithm requires 
98× |V |+17× |F | ≈ 132× |V | bytes disk space to accommodate 
the intermediate data. In comparison with the QSlim that 
roughly requires 268× |V| bytes in-core memory, the main 
memory cost of our new algorithm is significantly lower.  

Table 4. Main memory costs . 
Model Algorithm RAM (MB) 

QSlim1 111.86 Dragon 
HQMS 46.70 
QSlim1 138.95 Happy  

Buddha HQMS 58.07 
QSlim1 923.71 David 

(2mm) HQMS 427.37 
1. Estimated by 268×|V|. 

 
The main memory costs of the new algorithm and the 

QSlim for the simplification of the three test models are 
summarized in Table 4. From the results presented in Table 
4, it is clear that the main memory cost of our algorithm is 
less than a half of that required by the QSlim. Thus, with 
the same amount of main memory resource, our algorithm 
is capable of simplifying meshes far larger than the QSlim 
does. 

4.2 Runtime efficiency 

In this subsection, the runtime efficiency is evaluated in 
terms of program execution times and triangle reduction 
rates. The experimental results are recorded in Table 5.  

Table 5. The execution times and reduction rates 
(output=1,000 triangles). 

Model Algorithm Execution Time 
(Sec.) 

Reduction Rate 
(Triangles /Sec.) 

QSlim1 27.90 31,198Dragon 
HQMS2 8.22 103,706
QSlim1 35.24 30,837Happy 

Buddha HQMS2 10.27 104,785
QSlim1 N/A N/ADavid 

(2mm) HQMS2 65.28 110,550
1. Using the optimal placement and area weights. 
2. Heap size=15. 

 
From Table 5, it is easy to see that our new algorithm is 

apparently faster than the QSlim V2.0. The triangle 
reduction rate of the HQMS is more than triple of the 
QSlim.  

4.3 Output quality 

The quality measurement is difficult and depends on 
the application in use. In this paper, the evaluation is 
judged by means of the geometric errors and the rendered 
images of the outputs. To provide a fair measurement over 
the geometric errors, we choose the Metro V3.1 provided 
by Cignoni et al. [23]. However, due to the limitation of 
the Metro, this measurement is not available for large 
meshes . On the other hand, the comparisons on the visual 
appearances are obtained from visually examining the 
images rendered by smooth shading of the OpenGL V1.2. 
The geometric errors of the simplified Dragon and Happy 
Buddha meshes are shown in Figs. 4 and 5, respectively.  

From Figs. 4 and 5, it is clear to see that the geometric 
errors of the outputs from our algorithm is significantly 
lower than those produced by the QSlim V2.0. Moreover, 
the rendered images of Dragon and Happy Buddha meshes 
with 10,000 triangles are shown in Figs. 6 and 7, 
respectively. From these figures, we also found that the 
visual quality of the resulting simplified meshes from our 
algorithm is amazingly better than those created by the 
QSlim V2.0 using the optimal placement with an area 
weight policy. For the David mesh, both the Metro and 
QSlim are no longer applicable. Thus, we only illustrate 
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the rendered images of two resolutions of the mesh in Fig. 
8. From the experimental results shown above, we are 
confident to conclude that our algorithm is a very 
successful algorithm in producing high quality outputs. 
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Figure 4. RMS errors of the simplified Dragon meshes 
resulting from the QSlim and the HQMS. 
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Figure 5. RMS errors of the simplified Happy Buddha 
meshes  resulting from the QSlim and the HQMS. 

5 Conclusions  

In this paper, we have presented a new polygonal mesh 
simplification algorithm with Θ(n) complexity using 
iterative edge collapses and the quadric error metrics. The 
new algorithm integrates the computation, optimization, 
and full edge collapses into a single pipeline. This new 
design eliminates not only the storage cost of the vertex 
quadrics using the memoryless quadric computation 
suggested by [16] but also the cost of the contraction 
queue using a small constant-sized RS min-heap. The 
resulting algorithm is extremely runtime and memory 
efficient. On the comparison of time complexity, our new 
algorithm with linear time complexity obviously outdoes 
the QSlim V2.0 and most other iterative contraction based 
algorithms  [10]-[16]. In addition, our algorithm requires 

significantly less memory space than the QSlim and most 
other similar algorithms  do [10]-[16]. Furthermore, the 
new algorithm is proved to have the capability of 
producing very high quality approximations that are even 
superior to those obtained from the QSlim.  
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(a) 

 
(b) 

Figure 6. The simplified Dragon meshes with 10,000 
triangles  resulting from : (a) QSlim; (b) HQMS. 

 

 (a) (b) 

Figure 7. The simplified Happy Buddha meshes with 
10,000 triangles  resulting from: (a) QSlim; (b) HQMS. 

 
 (a) (b) 

Figure 8. The simplified outputs of the David mesh 
resulting from HQMS: (a) 5,416 vertices/10,872 triangle 
faces; (b) 139,011 vertices /277,874 triangle faces. 


