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ABSTRACT 

Together with the miniaturization of digital image capture devices 
and the integration of digit camera into cellular phones, there are 
enormous photograph images around us. The research purpose of this 
paper is developing an animation synthesis system to further utilize the 
above-mentioned image materials effectively, and produce interesting and 
vivid animation effects in a natural and simple way. 

However, reconstructing the 3D models by using only 2D images is 
still a very difficult task. Also, building the virtual reality world by the 
traditional computer graphics methods is a highly time-consuming task. 
For the above problems, the image-based rendering technology provides 
an elegant approximate solution. Basically, the required image of 
arbitrary viewing position and direction is synthesized by morphing two 
or multiple pre-captured images at some determined camera positions. 
Applying the image morphing technology does not only reduce the 
expensive cost of world construction, but also overcome the discontinuity 
drawback of the pre-captured image sequence. However, if the morphing 
results fail to preserve the original shape of objects, it will cause a fake 
construction, especially when the target object is artifact. 

In this research, we propose a simple shape-preserving image 
morphing method to produce frames of animation of images. First, the 
skeleton structures of the pre-captured images are extracted. The 
skeletonization is a process for reducing foreground regions in a digital 
image to a skeletal remnant that largely preserves the properties of the 
original region while discarding most of the original foreground pixels. 
We use the Discrete Voronoi Skeletons proposed by Robert L. Ogniewigz 
to build object’s skeleton. After the pre-captured images are analyzed, the 
skeletons data structure of the required image are applied some forward 
kinematics motion patterns like walking or running. Finally, the 
reasonable result images are synthesized by feature-based image 
morphing technique. 



iv 

 

 

Taco

 

 

  2004  



v 

 

Chapter 1 Introduction ........................................................................ - 1 - 
Chapter 2 Related Background ........................................................... - 4 - 

2.1 Image Morphing vs. View Morphing.................................. - 5 - 
2.2 Skeletonization................................................................. - 10 - 

Chapter 3 Algorithm ......................................................................... - 16 - 
3.1 System Configuration...................................................... - 17 - 
3.2 Voronoi Diagram Algorithm............................................ - 20 - 
3.3 Discrete Voronoi Skeletons.............................................. - 39 - 
3.4 The Skeleton Edge Merge ............................................... - 44 - 
3.5 Sum up Boundary Points to Merged Skeleton Edges ....... - 46 - 
3.6 Feature-based Image Morphing ....................................... - 48 - 
3.7 Forward Kinematics Scripts of Motion Pattern................ - 52 - 

Chapter 4 Conclusion........................................................................ - 53 - 
Future Work .............................................................................. - 56 - 

Appendix……………………………………………………………..- 58 - 
Reference.......................................................................................... - 68 - 

 



vi 

 

3.1  VORONOI 23 
3.2  NEXTRAY 25 
3.3 3.4  DISCARD  27 
3.5  VOROLINK  32 
3.6  VOROLINK ( ) 33 
3.7   DCEL  34 
3.8  case L 35 
3.9  case R 36 
3.10  case C 37 
3.11  case LR 38 
3.12  Pyramid 42 
3.13  DoMerge  45 
3.14  (u, v)  49 
3.15  Multiple Pairs of Lines Transformation  50 



vii 

 

2.1  ………………………..……………………6 
2.2  Morphing ……………………………………….6 
2.3  Morphing ………………………………….6 
2.4  View Morphing  …………………………………………7 
2.5  View Morphing …………………………………………………8 
2.6  Image Morphing v.s View Morphing……………………………….………...8 
2.7  Exploiting the distance between point sites …………………….………… 11 
2.8  Circularity Residual………….………………………………………….…..13 
2.9  Chord Residual……………………………………………………………...13 
2.10  The Skeleton Pyramid……………………………………………………..14 
2.11  DVSK……………………………………..……………………….15 
3.1  …………………………………………………………………18 
3.2  ……………………………………………………………19 
3.3  VD Divided-and-Conquer ……………………………….21 
3.4  NEXTRAY …………………………………………………….25 
3.5  DISCARD ……………………………………………………..26 
3.6  DISCARD …………………………………………………..27 
3.7  Convex Hull…………………………………………………………...28 
3.8  Convex Hull …………………………………..30 
3.9  Pyramid ……………………………………………………….41 
3.10  ………………………………………………………………..45 
3.11  ………………………………………………...47 
3.12  One Pair of Lines Transformation…………………………………………49 
3.13  (u, v) ……………………………………………………………..49 
3.14  Multiple Pairs of Lines Transformation……………………………………51 
3.15  Script Builder …………………………………………………...52 
4.1  ( )…………………………………………………………………..54 
4.2  ( )…………………………………………………………………..55 
4.3  ………………………………………56 

 



- 1 - 

Chapter 1  

Introduction 

 

 

Image-Based Rendering 

Image Morphing

 

(Image Morphing)

(mesh 

nodes) (line segments) (curves) (points)

(mapping function)

(warp 
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function)

( )

Morphing  

3D 2D Image Morphing

1) Image Morphing

( )

Image Morphing 2)3D

Z 2D

Morphing  

Robert L. Discrete Voronoi Skeletons

(Shape Representation) 

(boundary) raster crack( )

Voronoi Diagram (Regularization)

Voronoi edge

(skeleton pyramid)

Voronoi Diagram
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1. Euclidean Metrics 2.

Morphing

3D

3D 2D  

(Transition Control)

(key frame) (Moving Pattern)

A B  

Image Morphing View Morphing
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Chapter 2  

Related Background 

 

2.1

Image Morphing View Morphing 2.2

(Skeletonization)  
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2.1 Image Morphing View Morphing 

2.1.1 Image Morphing 

Morphing

image-based rendering

morphing

2.1 key frame K

key frame K+1

2.2

2.3  
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2.1.2 View Morphing 

View Morphing Sitez S.M. [6]

image morphing

Computer Vision

 
2.1 key frame K  

key frame K+1  

2.2  Morphing  

2.3  Morphing  
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2.4 view 

morphing

two View morphing 2.5  

Prewarp: P C0 C1  

Morphing:  

Postwarp: 

 
2.4  View Morphing  

( [6]) 
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2.1.3 Comparing Result 

2.6 image morphing view morphing

View morphing image 

morphing  

 
2.5  View Morphing Prewarp  

Morphing Postwarp ( [6])  

 
2.6  Image Morphing  

View Morphing  
( [6])  
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2.1.4 Common Problems 

Image morphing view morphing holes
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2.2 Skeletonization 

(region-based 

shape feature) (general form); 

2D 1D  

(Skeleton) H. Blum Media Axis Transform 

(MAT) Symmetry Axis Transform (SAT) 

MAT (boundary point); 

2  

2.2.1 Technology of Skeletonization 

 

� Skeletons form Voronoi diagrams 
� Medial axis extraction from a distance map 
� Topological thinning 
 

thinning

( )

distance map

Voronoi Diagram
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2.2.2 Discrete Voronoi Skeletons 

Discrete Voronoi Skeleton

Discrete Voronoi Skeleton

Voronoi Diagram

2.7

(media axis)

mA mC mC anchor distance

mA

anchor distance

DVMA anchor distance (anchor 

point)  

anchor distance Voronoi 

Diagram Skeleton

 
2.7 exploiting the distance between point sites [1] 
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Potential Residual Circularity 

Residual Chord Residual edge

DVSK  

2.2.2.1 Potential Residual 

 ( ) ( ) ( )SDVMAeedistweR B
def

AB

def

P ∈∆ == ,  

Potential Residual anchor point

PA PB WAB WAB

 

2.2.2.2 Circularity Residual 

2.8 PA PB m r

Circularity residual  

WAB Circularity Residual DVSK

Circularity Residual  

( ) ( ) ( )SDVMAmebeRbWmeR ABPABAB

def

C ∈−∆=−∆ = ,,,  
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2.2.2.3 Chord Residual 

2.9 SAB PAPB Chord Residual

 

Chord Residual  

( ) ( ) ( )SDVMAeSeRSWeR ABPABAB

def

H ∈−∆=−∆ = ,  

 

 
2.8 Circularity Residual ( [1]) 

 

 
2.9 Chord Residual ( [1]) 
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2.2.2.4 The Skeleton Pyramid 

Pyramid ( 2.10)

First Order 

Skeleton  

 
2.10  (a) T=3.0 chord residual

(b) T=3.0 chord residual (c) T
20.0 (d)
Skeleton Pyramid ( [1]) 
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2.2.2.5 DVSK Conclusion 

DVSK  

1. Voronoi Diagram  
2.  
3. Skeleton Pyramid  

Pyramid ( 2.11)

 

(a) (b) 

(c) 

2.11 (a) VD Discrete Voronoi Medial Axis
(b)DVSK threshold=10.0 Pyramid (c) Pyramid

threshold = 0.7  
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Chapter 3 

Algorithm 

 

3.1

3.2 Voronoi Diagram 3.3 Discrete Voronoi 

Skeletons 3.4 3.5 edge

3.6 Feature-based image morphing 3.7
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3.1 System Configuration  

3.1

 

3.2  
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3.2   
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3.2 Voronoi Diagram Algorithm 

Voronoi Voronoi 

Diagram 

VD : ( ) ( )  

(sweepline) ( ) 

VD O(n2)

O(nlogn)

Robert L.

 

 

� NEXTRAY operation VD  

� DISCARD operation site VD  

� Compute convex hull 

� VOROLINK procedure VD  
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3.2.1 Main Procedure 

3.3

 

(b) (p7-11) (p1-p6) 

VD 

b 1

5 open Voronoi polygon

open Voronoi polygon (site) convex hull

convex hull supporting lines t t ( 3.3(a))  

`  

3.3  Divided-and-Conquer  
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t t t

VD 

open polygon (open 

polygon )site convex hull

t  

O(n2) 

3.1

VORONOI VOROLINK  

VOROLINK Vor(Si-1)

VD Vor(Li) VOROPRESCAN
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3.1  VORONOI  

procedure VORONOI 

(* Si: i {Li} , 0  i  imax, Vor(Si): Si Voronoi diagram *) 

1. begin i:=0; Si := ; 

2. while(i<imax  Si ) do begin 

  (* VD Vor(Si) Vor(Si)  

Voronoi  *) 

3.  i;  i  Li ; 

4.   Vor(Si) := VOROPRESCAN(Vor(Si-1), Li ); 

 (* VOROPRESCAN: adapted version of procedure VOROLINK at line 10 *) 

5. end; 

6. while (i< imax) do begin 

7.    i;  i  Li ; 

8.  t

Li) := Li   (* VD  *) 

10.  Vor(Si) := VOROLINK(Vor(Si-1), Vor(Li )); 

   (* link ‘comb’ with VD computed so far *) 

11. end; 

12. end; 



- 24 - 

3.2.2 The NEXTRAY Operation 

Voronoi polygon Voronoi polygon 

3.4

3.2 NEXTRAY 
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3.4  NEXTRAY  

function  NEXTRAY (V(PQ) ecur)   
 
(*starting at edge ecur V(PQ) proceeds to the end of (open) polygon 

V(PQ) returns semi-infinite ray eterm which terminates V(PQ)*) 
1. begin 
2.   ecur :=initial location in V(PQ) 
3.   Vref :=(reference) vertex of ecur which is closer to eterm 
        Assuming a clockwise scan of V(PQ) 
4.   repeat 
5.     if(tail_vertex(ecur) = Vref ) then 
6.      ecur := tail_edge(ecur) 
7.     else 
8.       ecur :=head_edge(ecur); 
9.     if(tail_vertex(ecur) = Vref) then 
10.      Vref :=head_vertex(ecur) 
11.     else 
12.       Vref :=tail_vertex(ecur) 
13.   until(rank(ecur) 2); (* Open end of V(PQ) encountered *) 
14.   return ecur  eterm; 
15. end. 

3.2 NEXTRAY  



- 26 - 

3.2.3 The Discard Operation 

� DECL 

3.5

VD 3.5 PR 

Voronoi polygon V(PL) 

ei ej ek  vi vj vk V(PL) V(PA)

V(PB) V (PC) V (PD) DECL 

DISCARD ( 3.3 3.4 )  

3.6  

 
3.5  DISCARD  
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3.3 3.4  DISCARD  (from [1]) 

 

 
3.6   
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3.2.4 Computing Convex Hull 

S convex hull CH( S ) VD

3.3 supporting line t t

CH(Si-1) CH(Li) 3.7

Vor(Si-1) Li

( Li supporting line ) CH(Si-1)

max( k) min( k ) P P ( k

k<0) supporting segment

Voronoi polygons

Vor(Si-1)

convex hull  

 
3.7  Convex Hull 
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1.( DECL convex hull) NEXTRAY

convex hull

convex hull NEXTRAY 

edge convex 

hull  

2.( ) open polygon

NEXTRAY dividing chain

 

3.( ) 

convex hull

NEXTRAY supporting segments

3.8 t 6 5

4 3 2(t 2 3 4 5 6)

convex hull
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3.8  Convex Hull  
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3.2.5 The VOROLINK Operation 

dividing chain VOROLINK  

VOROLINK

3.5

supporting segment t if-condition 

Vor(Si-1) e Voronoi polygon 

V(P ) Vor(Si-1) e  

Vor(Si-1)

Vor(Li) (

)  

VOROLINK DISCARD

H-STACK H-STACK edge

NEXTRAY DISCARD
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Function VOROLINK(Vor(Si-1), Vor(Li)) 
 
(* Li Vor(Li) Vor(Si-1) *) 
(* PR: point site of currently modified Voronoi polygon V(PR) on the right side of 
dividing chain  

PL: left counterpart of PR 
escan: edge of Vor(Si-1) currently checked for intersection with  
ecomb: currently tested element of Vor(Li)(‘comb’) 
vref: reference vertex with respect to escan 
e : current element of , v : previous vertex on  
eL: edge of Vor(PL) to the left of which was previously modified or inserted 
ei H-stack denotes that edge ei was taken off the H-stack during the last 
access to the H-stack *) 

 
1. begin 
2.    PR := upper(lager y-coordinate) endpoint of right-hand supporting segment 

t ;(* ex: p10 *) 
3.    PL := lower endpoint of t ; (* ex: p5 *) 
4.    P  := lower endpoint of t ; (* p1 *) 
5.    escan := infinite ray r from V(PL) which has PL on its right side; 
          (* ex: e1 *) 
6.    ecomb := rightmost edge of Vor(Li); 
7.    vref := tail_vertex(escan); 
8.    eL:=nil; eR:=nil; v :=nil; 
9.    while( ) do begin 
   (* repeat until passes across t  *) 
10.        e :=bisector(PL PR); 

 

3.5  VOROLINK  
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(vertex)

dividing chain UPDATE-DCEL

3.8 3.11 DECL  

(* execute lines 11-22 until the whole affected portion of Vor(Si-1) has been 
processed *) 
11. if( ) then begin 
12.  if(not( ) Top(H-stack) rank(escan)>0) then 
   (* search for intersection of  with V(PL) *) 
13.   escan := DISCARD(V(PL), escan); 
14.  end; 
 

(* determine whether I(escan,e ) of I(ecomb,e ) are closer to  
v (i.e., which of V(PL) or V(PR) was first entered by ) and update 
the DCEL accordingly; *) 

15. UPDATE-DCEL(Vor(Si-1), Vor(Li), ,escan, ecomb, e ); 
16. if( ) then begin (* intersection with Vor(Si-1) 

comes first, due to monotonic property of only test of x-coordonates *) 
17.     if(Top(H-stack) ) then 
18.        escan H-stack; 

(* take off the top edge reference of the H-stack *) 
19.   else if(not( ) rank(escan)>0) then 
20.    escan := NEXTRAY(V(PL), escan); 
21.  end; 
22.  end (* if, line 11 *) 
23.  else (* only intersection with Vor(Li): case R i.e., escan=nil *) 
24.  UPDATE-DCEL(Vor(Si-1), escan); 
25.  end; (* while, lime 9 *) 
 
26. create last element of dividing chain: 
  semi-infinite ray bisector(PL PR), starting av v ; 
27. store first and last element of ; (* for computation of CH(Si) in order to 

determine new ta and tw *) 
28. return Vor(Si-1) = Vor(Si); 
29. end. 

 

3.6  VOROLINK ( ) 
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3.7   

DCEL  (from [1])  
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3.8  case L VD  

( [1])  
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3.9  case R comb edge Comb edge  

Voronoi edge( [1])  
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3.10  case C VD  

( [1])  
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3.11  case LR ecomb VD  

( [1])  
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3.3 Discrete Voronoi Skeletons 

Robert L.  DVSK

(1) Voronoi Diagram

Discrete Voronoi Medial Axis (2) DVMA

(Regularization) (3) (The 

Skeleton Pyramid)  

3.2 Voronoi diagram

Regularization The Skeleton Pyramid  
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3.3.1 DVSK Regularization 

Potential Residual

edge residual value edge

site DVMA edge
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3.3.2 DVSK The Skeleton Pyramid 

pruning

Pyramid

3.9 3.12 Pyramid

 

 
3.9  Pyramid Residual Table  
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residual value edge

(vertex)

residual value residual table

h h=1 h=2

 
3.12  Pyramid ( [1]) 
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h

multi-resolution  

SKELETON-PYRAMID ecur

residual value edge vi ecur ( )

h=1 skeleton T Regularization  

VRot(vi  ek  T) vi ek

edge  
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3.4 The Skeleton Edge Merge 

DVSK edge

edge  

cos = a b | a | | b |  

edge  

 

 

3.10 0 180

depth-first search 

edge edge DoMerge( ) 
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3.10   

3.13  DoMerge  

Procedure DoMerge(ecur,vcur) 
begin 
 if(Vertex_Rotate(ecur,vcur) != 2)  

/* vcur branch  */ 

  return 0; 
 Edge enext = VRot(vcur,ecur); /*  Edge */ 
 Edge (ecur, enext)  
 � 90  � 180 �  
 if(�< MergeDegree)  /* �  */ 

 begin 
 Edge newEdge DCEL  

   Edge  newEdge  

  delete (ecur, enext); 
return(enext := newEdge) /* Edge */ 

 end 
 return 0; 
end 
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3.5 Sum up Boundary Points to Merged Skeleton 

Edges 

(Boundary 

Points)  

Edge (raster crack)

Merged Skeleton Edges

(Site)  

Pyramid Edge Site

Merged Edge Pyramid Edges residual value

Edge Site Merged Edges

residual value Site Site

Merged Skeleton Edge
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Residual Value
Edge Site

 
 

 
3.11   
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3.6 Feature-based Image Morphing 

Thaddeus Beier Feature-based Image Morphing

Feature-based Image Morphing

Transformation with One Pair of Lines Transformation 

with Multiple Pairs of Lines

(Texture mapping)  

 

3.6.1 One Pair of Lines Transformation 

3.12 X (pixel) X’

3.14 v.perpendicular v
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(u  v)

3.13  

 

3.12 One Pair of Lines Transformation  

 

 
3.14  (u, v)  

 

 

3.13  (u, v)  
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3.6.2 Multiple Pairs of Lines Transformation 

Multiple Pairs of Lines Transformation

3.15

X Xi’ Di

Xi’ X weight

X Xi’ length

dist a b p

a 0 b 0.5 2 p 0 1  

 

3.14(b) Feature-based Image Morphing

 

 
3.15  Multiple Pairs of Lines Transformation  
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(a) (b) 
3.14  (a) Multiple Pairs of Lines Transformation  

(b) Multiple Pairs of Lines Transformation  
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3.7 Forward Kinematics Scripts of Motion Pattern 

Script Builder( 3.15)

Script Builder

Script Script

3.16 script  

 
3.15  Script Builder  
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Chapter 4  

Conclusion

 

( )2D

 

 

2D
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(a)  (b) 

 (c)  (d) 

 (e) 
4.1  (a)-(e) There are result images of interpolate sequences,  

interpolate value 0.1, 0.3, 0.5, 0.7, and 0.9 
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(a) 

 

(b) 

(c) 
 

4.2  (a)  (b)
 (c)
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Future Work 

3D 2D

( 4.3)

2.5D 3D

2D 3D  

 

 

�  

� (texture mapping)

  
4.3   
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�  

� Inverse Kinematics IK A

B Script
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A.  Appendix  
 

Microsoft Visual C++ 6.0

MFC STL

Step by Step
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Step1: New Project 

(

A.1)  
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Step2 Load Images 

1

2 ( A.2)  
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Step3 Bound Shape 

Add Point ( ALT+A)

Layer1

( A.3)  
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Step4 Moving Boundary Points of Another Image 

[Move Point] [Move Boundary]

( A.4)  
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Step5 Re-do Until Bound Shape Complete 

Step3 Step4

Layer Layer  

 

Step6 Compute Voronoi Diagram of Raster Crack of Boundary 

Points 

Voronoi Diagram( 4.5)  
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Step7 Compute Discrete Voronoi Skeletons with Potential 

Function  

Potential Function DVSK  

 

Step8 Compute Skeleton Pyramid 

Skeleton ( A.6)  

 



- 65 - 

Step9 Install Shape Gears 

[ ] [ ]

Layer (

)

( A.7)  
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Step10 Merge Skeletons 

( A.8)  
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Step11 Image Morphing 

Morphing 

( A.9)  

 

 

� 
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