
國 立 交 通 大 學 
 

機械工程研究所 
碩士論文 

 

 

樹狀物體之分支分析與萃取在文心蘭分級之應用 

Branch Analysis and Extraction of Tree-Object 

on Oncidium Grading 

 

 

 

 

研 究 生： 劉智維 

指導教授： 成維華 教授 

 

 

中華民國九十五年六月



樹狀物體之分支分析與萃取在文心蘭分級之應用 

Branch Analysis and Extraction of Tree-Object  

On Oncidium Grading 

 

研 究 生：劉智維                   Student：Chih-Wei Liu 

指導教授：成維華                   Advisor：Wei-Hua Chieng 

國 立 交 通 大 學 

機 械 工 程 學 系 

碩 士 論 文 

 

 

A Thesis 

Submitted to Institute of Mechanical Engineering 

College of Engineering 

National Chiao Tung University 

in partial Fulfillment of the Requirements 

for the Degree of 

Master 

in 

Mechanical Engineering 

November 2005 

Hsin-chu, Taiwan, Republic of China 

中華民國九十五年六月



樹狀物體之分支分析與萃取在文心蘭分級之應用 

Branch Analysis and Extraction of Tree-Object  

On Oncidium Grading 

研究生：劉智維       指導教授：成維華 教授 

 

國立交通大學機械工程學系研究所 

 

摘       要 

 一般而言花束總是一批一批地被呈獻給消費者，它的外觀對消費者的

購買決定具有舉足輕重的影響。因此我們考慮應用圖形識別分級文心蘭的

可能性，利用影像切割文心蘭原圖得到它的外型，其樹枝部份的影像類似

樹狀物體。我們應用 Branch-based region growing 演算法，指出樹狀物體

的頂點。其中為了解決相似接觸的分支還有交叉分支的情形，我們提出

morphological thinning 影像切割與圖形學分支分析的理論。並且經過一些

簡化與計算的過程達到最後估測主幹長度、以及各個分支長度的實驗結

果。 
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Abstract 

Posies are normally presented to consumers in batches. The appearances of 

these have powerful effect on consumer decision. For this reason, oncidium 

grading system using pattern recognition is considered. The oncidium shape is 

segmented from original image. It’s a tree-like image. The “Branch-based region 

growing” algorithm is applied. It figures out vertices of tree-like image. In this 

paper, the morphological thinning and branch analysis are presented for solving 

ambiguous touch and case of crossed branches. After some simplifications and 

calculation, feature parameters such as length of trunk, length of each branch, 

count of branch etc. are extracted. Experimental results from artificial and real 

image are included to demonstrate the validity of the proposed grading methods. 

 

Keyword: Image analysis, Graph analysis, Oncidium, Grading 
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Chapter 1 Introduction 

 In recent years, intelligent systems have been employed in applications of 

automatic grading of gardening products. The advantage of using automatic 

grading systems instead of manual grading is its ability to be objective and 

consistent over long period. Grading objects by machine vision is a 

non-contact and nondestructive method of inspection. The intelligent grading 

system increases productivity and process efficiency. However, the labor costs 

by eliminating labor intensive tasks. There are many automatic grading 

methods have been developed for fruit and vegetables, such as orange, apple, 

strawberry, tomatoes and cucumbers[12][13][14][15][16][17]. The classifiers 

of these grading methods included the K-means, fuzzy c-means, K-nearest 

neighbor, neural network and etc. They separate the fruit and vegetables into 

several clusters by the features of size, weight, color, shape, length, girth and 

etc. Shiranita uses a three-layer neural network method to evaluate the 

distribution of the marbling score of the meat for grading the meat-quality[18]. 

J. Blasco employs a Bayesian discrimination analysis as the segmentation 

procedure to separate the target from the background. Thus, quality grading of 

fruit can be determined by the size and the colorimetric index values of the 

fruits[19]. The V.Leemans’ method utilized features of apple such as color, 

shape and texture to evaluate the defective level and grade them[20]. 

This paper proposed an image analysis approach for estimating length of 

automatic grading system for oncidium. The appearance of oncidium is very 

important for consumers. On the other words, the grading system needs to 

control parameters such as counts of flowers, counts of branches, colors and 
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etc. In this case, appearance of image is simplified into a direct graph. The 

approach is using the branch-based method to segment the oncidium’s branch 

from the background and to search the vertices and arcs of a direct graph [1]. 

The graphic analysis is also applied to the tree-like branch for the crossed 

condition. The traversal data are stored in a one dimensional traversal list. 

Comparing with original data structure of graph, S.Eiho proposes a 

region-based method for determining the blood vessel segmentation for head 

MRA image [10]. It’s performed in 3D MRI data. Properly the crossed of 

branches and the ambiguous touching should be solved. So, the branch 

analysis and morphological thinning are presented. The morphological 

thinning is a process of preprocess. It’s produced only for branch-based region 

growing algorithm. After growing operation, there are many fake arcs and 

short cuts in the traversal list stored the graph. The traversal list is remodified 

by merging and permuting process. Experimental results from artificial and 

real image are included to demonstrate the validity of the proposed grading 

methods. 
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Chapter 2 Oncidium model 

 The oncidium image is shown in Figure 2.1. Its branches are concerned by 

human. It is a tree-like object made of a main branch, and other sub-branches. 

It supports that the shape of oncidium after segmenting Figure 2.1 is shown in 

Figure 2.2. According to the graphic theory, the oncidium shape is expressed 

into a directed graph with sets of arcs and vertices. The graph is shown in Fig 

2-3. There are twelve vertices (v1, v2, v3 …v12) and eleven arcs {(v1, v2), (v2, v3), 

(v3, v4) … (v2, v12)}. They are registered in traversal list and recognized by 

computer. According to the traversal list, it is easy to figure out the main 

branch and sub-branches. For instance, the main branch of Figure 2.3 is {(v1, 

v2), (v2, v3), (v3, v5), (v5, v7), (v7, v9)}. The sub-branches are {( v3, v4)}、{( v5, 

v6)}、{( v7, v8)}、{( v7, v10)}、{( v5, v11)} and {( v2, v12)}. So the oncidium model 

is accomplished. 

 

2.1 Oncidium grade evaluation 

 Oncidium grade evaluation is the finial step of automatic grading system. 

Every grading system has its inspection rule and classification method according 

to its features of each product. The features of oncidium are the length of main 

branch, other branches and a large number of flowers on each branch. The 

branches are discussed in this paper. The inspection rule shown in Table 2.1 is 

an example for oncidium grade evaluation. In Table 2.1, the main branch, 

sub-branch and short branch are defined as follow: 

1. Main branch: A set of arcs included top and bottom vertices. 
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2. Sub-branch: The length of arc is longer than a specific threshold Ls1. 

3. Short branch: The length of arc is between threshold Ls1 and Ls2. 

Where Ls1 and Ls2 are assigned by grader. An oncidium which main branch 

length is measured between 551 and 600 pixels, has four sub-branches and has 

two short branches is graded to class A. Similarly, oncidium may be graded to 

class B or C.  

 

2.2 Branch-based region growing 

The original image B is an array of pixel values as shown in Figure 2.4. 

The array represents a two-dimensional image with c width and r height. The 

first element in that array is the bottom-left element and rest of elements and in 

stored in raster manner.  

The pixel connectivity describes a relation between two or more pixels. For 

two connected pixel they have to satisfy certain conditions on the pixel 

brightness and spatial adjacency. To formulate the adjacency criterion for 

connectivity, the neighborhood functions N4 and N8 may be introduced. The 

4-neighbors function N4 returns an ordered list of four elements adjacent to the 

given element p, i.e.  

( ) ( )4 1, , 1,N p p p c p p c= + + − −  (2-1) 

The 8-neighbors function N8 returns an ordered list of eight neighbor elements 

around the given element p, i.e. 

( ) ( )8 1, 1, , 1, 1, 1, , 1N p p p c p c p c p p c p c p c= + + + + + − − − − − − +  (2-2) 

Those elements are indicated in Figure 2.4. 

The branch-based region growing performs the region-growing from one 

branch to the other. This region growing process starts from the pixel position 
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labeled with level 0, proceeds to perform the search each pixel position, say p, 

of all pixel positions labeled with level i, find the foreground pixels in N8(p) and 

labeled them with level i + 1. In each growing cycle, the connectivity of the 

region labeled with the same level number is examined against 4-neighbors to 

find a branch bifurcation. The level indices corresponding to the binary bitmap 

array is stored in an array denoted by Level. If a growing point reaches a branch 

bifurcation region, the process continues to grow on only one side of the 

branches. When the growing point reaches the end of a dangling branch, the 

growing stops, and then, it starts again from the latest branch bifurcation point. 

During the growing process, the pixels which are not connected are treated as 

the branch to be traced later. Figure 2.5 shows an example of the Level array 

data corresponding to a branch based region growing. 

In Fig. 2.5, it is found that, the region growing can only traverse one tree of 

a possible forest at a time. Thus, after one region growing process, there may be 

certain regions remained with no level labeled. In such case, multiple region 

growing processes for the individual trees of a forest are required. 

 

2.3 Morphological thinning  

    The branch-based region growing suffers the condition of ambiguous 

touching as shown in Figure 2.6. Figure 2.6(a) shows the original binary image 

of a plant with sparse branches. When examining Figure 2.6(a), there may be 

two discrepant interpretations. One interpretation is the plant is pine-tree-like 

plant with branches pointing to the ground as shown in Figure 2.6(b). The other 

may be the plant is oak-tree-like plant with branches pointing to the sky as 

shown in Figure 2.6(c). Such confusion will also induce problems of the branch 

bifurcation during the process of region-growing. In Figure 2.6(c), the level 
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labeling are confusing for intuitively distinguish the branches. The problem 

occurs at the low resolution for some thin branches. These thin branches causing 

confusion may be removed by the following thinning operations. 

Thinning is a morphological operation that is used to remove selected 

foreground pixels from binary images. The thinning operation is related to the 

hit-and-miss transform. The behavior of the thinning operation is determined 

by a structuring element. The binary structuring elements used for thinning are 

of the extended type described under the hit-and-miss transform. Note that the 

structuring element must always have a one or a blank at its origin if it is to 

have any effect. The thinning of an image B by a structuring element J is:  

( , ) ( , )thin B J B hit and miss B J= − − −  (2-3) 

where the subtraction is a logical subtraction defined by  

~B Y B Y− = ∩  (2-4) 

 The thinning operation is calculated by translating the origin of the 

structuring element to each possible pixel position in the image, and at each 

such position comparing it with the underlying image pixels. If the foreground 

and background pixels in the structuring element exactly match foreground 

and background pixels in the image, then the image pixel underneath the origin 

of the structuring element is set to background (zero). Otherwise it is left 

unchanged. In fact, the operator is normally applied repeatedly until it causes 

no further changes to the image, i.e. convergence. In this paper, the physical 

dimensions of the oncidium as stated in Chapter 2 are important parameters for 

evaluating the grade of the oncidium. The thinning structuring element 

introduced in this paper is only for removing the ambiguous touching of 
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branches that cause the confusion on level labeling, which should not account 

for producing the skeleton of the oncidium. The structuring elements may be 

schematically shown in Figure 2.7. The origin of the structuring element of 

Figure 2.7(a) is at the bottom-left corner and that of Figure 2.7(b) is at the 

bottom-right corner. The examples of thinning are shown in Figure 2.8. It is 

observed from Figure 2.8 that the result of the thinning operation is 

symmetrical in horizontal direction but not in the vertical direction. The 

thinning operation can separate the ambiguous touching of the branches; 

however, the unwanted forest is also produced. These unconnected regions due 

to the weak connectivity of the branches may be ignored after the first 

branch-based region growing process starting from the root of the tree. 

 The intuitive question is arisen that should the operator be applied until 

the convergence. If the pixel position, say p, is set to background (zero) due to 

a hit of Figure 2.7(a), then it may potentially result the 8-connected image 

centered at p form a hit due to structuring element as shown in Figure 2.7(b). 

In such case, the repeated application of the thinning operator may gradually 

destroy the connectivity of the branches. To avoid this effect of backward 

propagation, the branch detouring operation, as shown in Figure 2.9, shall be 

performed before the aforementioned thinning operation.  

The branch detouring operation is calculated by translating the origin of 

the structuring element to each possible pixel position in the image, and at 

each such position comparing it with the underlying image pixels. If the 

foreground and background pixels in the structuring element exactly match 

foreground and background pixels in the image, then the image pixels 

underneath the origin of the structuring element are set to the replacing 
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template. The branch detouring operation has prevented the occurrence of the 

back propagation of thinning operation. Thus the convergence at single 

thinning operation can be achieved. 
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Chapter 3 Graph Analysis 

The branch relation of a plant under a 2-D image projection may be 

represented by the graph. A graph is a mathematical abstraction that is useful 

for solving many kinds of problems. Fundamentally, a graph, as shown in 

Figure 3.1, consists of a set of vertices, and a set of edges, where an edge is 

something that connects two vertices in the graph. More precisely, a graph is a 

pair (V, E), where V is a finite set and E is a binary relation on V. V is called a 

vertex set whose elements are called vertices. E is a collection of edges, where 

an edge is a pair (v1, v2) with both v1, v2 in V. In a directed graph, edges are 

ordered pairs, connecting a source vertex to a sink vertex. In an undirected 

graph edges are unorderly pairs and connect the two vertices in both directions, 

hence in an undirected graph (v1, v2) and (v2, v1) are two ways of writing the 

same edge. 

 

3.1 Euler’s formula 

In graph theory, a planar graph is a graph that can be embedded in the 

plane so that no edges intersect. Euler's formula states that if a finite connected 

planar graph is drawn in the plane without any edge intersections, and v is the 

number of vertices, e is the number of edges and f is the number of cycle, then 

2f v e+ = +  (3-1) 

Euler's formula can be proven as follows: if the graph isn't a tree, then remove 

an edge which completes a cycle. This lowers both e and f by one, leaving v − 

e + f constant. Repeat until you arrive at a tree; trees have f = 1 and 

1v e= +  (3-2) 
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In a finite connected simple planar graph, any cycle is bounded by at least 

three edges and every edge touches at most two cycles; using Euler's formula, 

one can then show that these graphs are sparse in the sense that e ≤ 3v - 6 if v ≥ 

3. A vertex has degree n if there are n edges connecting that vertex to other 

vertices. The vertex with degree is 1 called the dangling vertex.   

The graph in Fig. 3.1 employs six vertices and nine edges, i.e. v = 6 and e 

= 9. From the Euler’s formula, it is obtained that f = e − v + 2 = 5, which is 

identical to the number of faces shown in Fig. 3.1. The degree of vertices a, y, 

 is 4. The degree of vertex b is 3. The　  degree of vertex x is 2. The degree of 

vertex z is 1 hence it is a dangling vertex.  

 

3.2 Graph Search Algorithms 

Tree edges are edges in the search tree (or forest) constructed implicitly 

or explicitly by running a graph search algorithm over a graph. An edge (v1, v2) 

is a tree edge if v2 was first discovered while exploring edge (v1, v2). Back 

edges connect vertices to their ancestors in a search tree. So for edge (v1, v2) 

the vertex v2 must be the ancestor of vertex v1. Self loops are considered to be 

back edges. Forward edges are non-tree edges (v1, v2) that connect a vertex v1 

to a descendant v2 in a search tree. Cross edges are edges that do not fall into 

the above three categories.  

The conventional depth-first search (DFS) visits only all the vertices in a 

graph and ignores the edges. Thus, no re-visit of any vertex is necessary. In our 

application, it needs to visit all edges of the graph since each edge represents a 

branch of the oncidium. We then modify the depth-first search into a complete 

depth-first search (CDFS) which visits all the edges and vertices in a graph. By 

choosing which edge to explore next, this algorithm always chooses to go 

 10



deeper into the graph. That is, it will pick the next unvisited edge until 

reaching a vertex that has only a single edge. The algorithm will then 

backtrack to the previous vertex and continue along any as yet unexplored 

edges from that vertex. After CDFS has visited all the reachable edges and 

vertices from a particular source vertex, it chooses one of the remaining 

undiscovered edges and continues the search. This process creates a set of 

depth-first trees which together form the depth-first forest. A depth-first search 

categorizes the edges in the graph into three categories: tree-edges, back-edges, 

self-looping, and forward edges. Fig. 3.2 depicts the depth first search of the 

graph in Fig. 3.1. The edges in Figure 3.2 are ordered by discover time. 

 

3.3 Graph data structure 

The primary property of a graph to consider when deciding which data 

structure to use is sparsity, the number of edges relative to the number of 

vertices in the graph. A graph where e is close to v2 is a dense graph. A 

traversal-list representation of a graph stores the edge sequence of traversal of 

that graph based on CDFS. If we use an open-parenthesis when a vertex is 

traversed and a close-parenthesis when a vertex is finished, then the result is a 

properly nested set of parenthesis. The traversal-list started from  of the 　

CDFS graph in Fig. 3.2 may be represented as 

(  (  (  ) ( ) (  (  ( ) (  ( ))))))T y x z a b b aπ π π=  (3-3) 

The traversal-list is a list of lists. Each open-parenthesis of the traversal-list 

corresponds to the head of an individual directed edge. Each 

closed-parenthesis of the traversal-list corresponds to the tail of an individual 

directed edge. The data structure of the above traversal-list is shown in Fig. 3.3; 
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there are totally nine pointers of list, each of them corresponds to an open 

parenthesis and nine pointers of cons, each of them corresponds to a 

closed-parenthesis, required to store the CDFS graph. The traversal-list needs a 

memory to store 2e pointers and e + 1 vertex data. 

 

3.4 One dimensional traversal list 

The traversal-list may be may be stored in an array, called the one 

dimensional traversal list, by replacing the closed-parenthesis into a partition 

symbol, for instance “。”, and eliminating all open-parenthesis as follows.  

(                    )T y x y z y a b b b aπ π π=  (3-4) 

In the above expression, the closed parenthesis at the end positions of the list 

can be ignored. Thus, it is convenient to write 

(               )T y x y z y a b b b aπ π= π

a

 (3-5) 

The traversal-array expression corresponds to the paths of the graph traversal 

is shown in Fig. 3.4.  

By ignoring the discover time of each path, the paths in the one 

dimensional traversal list may be commutated to represent exactly the same 

graph as follows. For example, we relocate the path (y z) to the end of the 

traversal list 

(           )T y x y a b b bπ π= π  (3-6) 

The paths may also be permutated so that one of the paths covers more vertices. 

For example,  

(                )T y x y a b b b a y zπ π π=  (3-7) 

The paths may also be combined so that two paths becomes one. For example,  
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(              )T y x y a b b a y z  bπ π π=   

(            )y x y a b b a y zπ π=  (3-8) 

3.5 Canonical loop set 

 According to the traversal list, it is easy to verify that the degree of 

vertices a, y, π is 4 for each of them has 4 edges connecting that vertex to 

other vertices. The degree of vertex b is 3. The degree of degree of vertex x is 

2. Vertex z is a dangling vertex. The dangling vertex is the oncidium image 

corresponds to the end point of the dangling branch. A face forms a loop in the 

graph except for the outer face. The number of loops l is equal to the number 

of faces f minus 1. The traversal list is useful in the task of loop-search. By 

comparing the proceeding vertex to the previous vertices in the traversal list, 

individual loops are identified as depicted in Fig. 3.5. There are four loops 

identified from Fig. 3.5 which complies with the relation that l = f – 1 = 5 – 1 = 

4. The four loops are (    )y x yπ , (     )y a bπ π , , and (  )b b (    )a b aπ . By adding 

or subtracting the loops, we are able to reduce the length of the subject loop. 

For example, (     )y a bπ π  + (    )a b aπ  = (     )y a bπ π , the operation is shown 

schematically in Figure 3.6. The canonical loop set is derived from performing 

continuously the reduction of loop length until none of the loop can have 

further reduction. 
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Chapter 4 Implement 

 The algorithm for the oncidium grade evaluation is composed of steps as 

follows. 

1) perform the image binarization to obtain array B, 

2) perform the morphological thinning to the image array B, 

3) perform the branch-based region growing to obtain traversal-list T, 

4) perform the path permutation to find the maximum length of paths A, 

5) perform the canonical loop search to obtain L, 

6) perform the branch crossing removal to obtain G, and 

7) sketch the skeleton oncidium and perform the grade evaluation. 

The flow control of the algorithm is shown in Fig. 4.1. 

 

4.1 Algorithm for region-growing 

    The region growing given in this paper is according to the branch-based 

region growing. The algorithm is provided with the global memory of a 

traversal list T and BUFFER and SEARCH lists. All of the lists are set to 

empty in the beginning. The array Level storing the level labeling data array is 

also declared as a global memory. T will be stored with the level number, i.e. 

the vertex number is the level number, of the graph representing the oncidium 

tree. The function CheckLoop searches for the loop found in the graph search. 

For example, if Level(p) = π is input to the function CheckLoop when  

(   )T y xπ=  then the function will ass the level numberπon the tail of T list. 
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The pseudo-code implementation of the function CheckLoop is given as 

follows. 

 

CheckLoop( p) 
 Input: p is a pixel position 

if (Level(p) is in the T list) { 1 
Declare an integer r and set r to be the value of the tail vertex of T list 2 
if (r ≠  Level(p)) then put Level(p) on the tail of T list } 3 

 

Corresponding to the branch-based region growing algorithm stated in 

chapter 2.2, in every growing cycle the connectivity of the region labeled with 

the same level number is examined against 4-neighbors to find a branch 

bifurcation. The function LevelGrow takes two pixel positions, for instance p 

and p1, and compares their 4-neighbors conditions as well as the level number 

to determined where they are in the same level and 4-neighors related. The 

BUFFER list stores all pixel positions in the current level of search. The empty 

BUFFER indicates a new level of search is started. Since the 8-neighbors 

function N8 will yield an ordered list with proper adjacency, the condition of 

the same level and 4-neighors related may be performed by the intersection of 

N4(p) and the BUFFER list. The pseudo-code implementation of the function 

LevelGrow is given as follows. 

 

LevelGrow(p1,cycle) 
 Input: p and p1 are pixel positions 
 Output: TRUE or FALSE 

if BUFFER list is empty .or. 1 
 p is in the intersection list of N4 (p1) and BUFFER list { 2 

3 Set Level(p1) to be Cycle 
4 Put p1 on BUFFER list 

return TRUE } 5 
else return FALSE 6 
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The SEARCH list is set to empty in the beginning. SEARCH list is used 

to store the temporary vertex information of region growing. This region 

growing process starts from the pixel position labeled with level 0, proceeds to 

perform the search each pixel position, say p, of all pixel positions labeled 

with level i, find the foreground pixels in N8(p) and labeled them with level i 

+ 1. The function RegionGrow is used for growing the regions in the sense of 

the complete depth-first search (CDFS). In case that the connectivity doesn’t 

hold for certain level of growing, the branch bifurcation is found in that level. 

When the growing point reaches the end of a dangling branch, the growing 

stops, and then, it starts again from the latest branch bifurcation point. The 

BUFFER_LIST will be added to the search list whenever a level growing is 

completed. The region growing stops whenever the SEARCH_LIST is empty. 

The pseudo-code implementation of the function RegionGrow is given as 

follows. 
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RegionGrow (p) 
 Input: p is the starting pixel position 

Set all elements in Level to be -1 except for Level(p) to be 0 1 
Set SEARCH list empty and put p on the SEARCH list  2 

3 Set T list empty and put Level(p) on the T list 
4 Set Cycle to be 1 

while the SEARCH list is not empty { 5 
6 Declare Boolean BRANCH_BIFURCATION and LEVEL_COMPLETED 
7 Set BRANCH_BIFURCATION and LEVEL_COMPLETED to be FALSE 

Get the head vertex off SEARCH list and call it p 8 
9 Remove the head vertex of SEARCH list 

for p1 in N8(p) { // 8-connected neighborhood 10 
if (B(p1) ≠ 0) then CheckLoop(Level; p1)  11 
if (LevelGrow(Level; p; p1) ≠  TRUE && Level(p) == -1) {  12 

13 Set BRANCH_BIFURCATION to be TRUE  
14 Put p1 on the head of the SEARCH list 
15 Put Level(p) on the tail of the T list  
16 Break the loop}} 

if not BRANCH_BIFURCATION { 17 
18    Declare q and set q to be the value of the head vertex of SEARCH list  

   if Level(p) != Level(q)  Set LEVEL_COMPLETED to be TRUE } 19 
else if the SEARCH list is empty Set LEVEL_COMPLETED to be TRUE  20 
if (BRANCH_BIFURCATION or LEVEL_COMPLETED) { 21 

 Merge BUFFER list to the head of SEARCH list  22 
23  Set BUFFER list empty 
24  Set Cycle to be (Cycle + 1)}} 

An example of region growing is shown in Fig. 4.2. 

 

4.2 Path permutation and canonical loop set 

The one dimensional traversal list obtained from the function 

RegionGrow is that 

(0 5 912 9151619 16 23 16 26 28 29 33 29 36 29 5 26)T =  (4-1) 
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Since neither level number 15 nor 16 is an end point of the dangling branch, 

the level number 15 and 16 can be merged together. Following the similar line 

reasoning, the level number 28 and 29 can be merged together. The traversal 

list is simplified into 

(0 5 912 91619 16 23 16 26 29 33 29 36 29 5 26)T =  (4-2) 

The paths in the traversal list may be permutated to increase length of the path 

with the starting level 0, for instance 

(0 5 91619 912 16 23 16 26 29 33 29 36 29 5 26)T =  (4-3) 

The path permutation may go further to find 

(0 5 916 26 29 5 26 912 16 23 1619 29 36 29 33)T =  (4-4) 

The canonical loop set may be verified that 

 

4.3 Branch crossing removal 

 The canonical loop set is described above in chapter 3.5. In each canonical 

loop set, there is a crossed vertex in it. The crossed vertex has two features. Its 

degree is bigger than 4 and even. Thus, the degrees of crossed vertex should be 

four, six, eight or more. The vertices on canonical loop set satisfied those 

conditions are few. The crossed vertex can be figured out generally. It is a 

mistake that oncidium graph exists the crossed vertex. It is replaced with two 

crossed arcs.  By comparing the slope of arcs connecting with crossed vertex, 

the couple of arcs with similar slope are combined. The traversal list is 

permuted for satisfying the Euler formula. Sometimes, it is not only one vertex 

satisfying all properties shown in Figure 4.3. The vertex 5 and vertex 29 are 

both in the canonical loop set (5 26 29). Their degrees are four. They are 

ambiguouscrossed vertices. Which one should be removed depends on 
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comparing the slope of them. Then, choose the better one. For Figure 4.3 

canonical loop set (5 26 29), comparing the result of vertices 5 and 29, the 

similarity of slopes of connecting arcs {(5 29), (29 33)} and {(26 29), (29 36} 

of vertex 29 is better than connected arcs {(0 5), (5 26)} and {(5 9), (5 29)} of 

vertex 5. Thus, the vertex 29 is removed. Canonical loop set (5, 26, 29) is 

destructive. It’s replaced with arcs (5, 33) and (26, 36). The traversal list is 

permuted. The canonical loop set (5, 9, 16, 26) is either. The branch crossed 

removal finished. 
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Chapter 5 Experimental results and analysis 

5.1 Hardware and software 

 The environment of hardware is a personal computer (PC) of AMD 

Athlon(tm) XP 1.81GHz with 256MB RAM. The entire algorithm for automatic 

inspection system of oncidium has been implemented in C++ language to run in 

the Visual C++ 6.0 environment. The sample image is a 640(h)×480(v) pixels, 

24 bit color image. The finial result is presented of five stages shown in Figure 

5.1 and is descript as follow. 

 

5.2 Image acquisition 

 The image is acquired by a CCD camera. The diaphragm and shutter of 

CCD camera is set to F3.2 and 1/20 second. There are some sample images 

shown in Figure 5.2.  

 

5.3 Preprocess 

 The shape of oncidium branches is segmented by gray scale and 

binarization. The gray scale is processed by the image process software. The 

image is separated into the independent R, G and B components. The gray 

scale image is given by 

W R G Bα β γ= × + × + ×  (5-1) 

By analyzing original image, the R, G, B components of flowers, branches and 

background are extracted shown in Table 5-1. The blue components of flower 

and background are close. The easiest gray scale is set ( ), ,α β γ equal to . ( )0,1,0
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The result image of gray scale image is shown in Figure 5.3 and Figure 5.4. 

There are two real images. The binarization technique is used to isolate objects 

of interest having values different from the background. Each pixel is 

classified as either belonging to an object of interest or to background. This is 

accomplished by assigning to a pixel the value 1 if the source image value is 

within a given threshold range and 0 otherwise. The binarization procedure is 

immediate. Let  be the source image and xRa ∈ [ ]kh,  be a given threshold 

range. The binarization image { }xb 1,0∈  is given by 

1    if  h a(x) k
( )

0    otherwise 
b x

≤ ≤⎧
= ⎨

⎩
 (5-2) 

The parameters [ ]kh,  are set to be [ ]0,120 . The shape image of oncidium is 

shown in Figure 5.5 and Figure 5.6. 

 

5.4 Image analysis 

 The image analysis can be divided into three procedures: 1) we carried out 

8-connected branch-based region growing for binarization image and the 

traversal list is generated. 2) The traversal list merged and permuted. The merge 

procedure needs to set a threshold. It’s called d set to be 20, here. It solves the 

problems of deckle edge and fake arcs shown in Figure 5.7(a), (b). If the d set 

too small, the algorithm determines overmuch short branches. If the d is too big, 

arcs which length small than d are ignored. But the more accurate coordinates of 

vertices always brings smaller error. 3) The traversal list is examined by Euler 

formula. 4) if Euler formula showed there are loops in graph, the crossed vertex 

must be removed by permuting the traversal list. The some results are shown in 

Figure 5.8, Figure 5.9, Figure 5.10 and Figure 5.11. There are two artificial 
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images and two real images. The searching vertices are marked by circle with 

purple color and given an index for travel order. There is canonical loop set in 

Figure 5.9 and Figure 5.11. All crossed vertices are removed as figure. In figure 

5.11, the traversal list is {0 209 252 348 394。348 470。348 590 639 659 706。

659 893。639 1126。590 1188 252。1188 1359。209 1505} before the crossed 

vertex is removed. There is a feedback arc (1188 252) and canonical loop set 

(252 348 590 1188). The vertex 348 is crossed vertex. After crossed vertex 

removing, the traversal list is {0 209 252 1188 590 639 659 706。659 893。639 

1126。590 394。1188 1359。252 470。209 1505}. The main branch list is (0 209 

252 1188 590 639 659 706). Other branches are (659 893), (639 1126), (590 

394), (1188 1359), (252 470) and (209 1505). The vertex 348 is removed. There 

is no canonical loop set in it. The traversal list is remodified. 

 

5.5 Feature extraction and grading 

 The length of main branch and other branches are extracted. The 

estimation error is given by 

 100%measurement estimationbranch error
measurement

−⎛= ⎜
⎝ ⎠

⎞×⎟  (5-3) 

( ) average error average branch error=   (5-4) 

The errors of main branch and sub-branch of Figure 5.8, Figure 5.9, Figure 5.10 

and Figure 5.11 is shown in Table 5-2, Table 5-3, Table 5-4 and Table 5-5. The 

average error of total experiments is shown in Table 5-6. The sub-branch 

estimation errors of artificial image are about 10% to 15% but main branch 

estimation error is very low. It seems bad for artificial images. For pixel error 
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point of view, main branch and sub-branches are approximate. Where the pixel 

error means . The same pixel errors are divided by 

different measurement values. When measurement value is as large as main 

branch, the estimation error is smaller. The estimation error of a main branch is 

the smallest for each oncidium therefore. It is opposition to sub-branch error. 

The denominators of sub-branch error are smaller, so the bigger errors are 

obtained. The pixel error is generated by the averaged value of vertex center and 

merge operator. 

(measurement estimation− )
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Chapter 6 Conclusion 

 The paper proposed an efficient image analysis method of tree-object 

image and oncidium image by graphic analysis. The approach essentially 

based on digital image process combining graphic analysis theory. The graphic 

analysis providing a solution for crossed branches of 2-D projection image. It 

solves the endless problem of 2-D projection image. It improves the visual 

ability of computer for recognition oncidium. The morphological thinning 

efficiently solved the ambiguous touch for branch-based region growing 

algorithm. But in reduction image, it may cause branch cutoff. This proposed 

method is applied in oncidium inspection. The main branch error is 3.59%, and 

the sub-branch error is 10.2% shown in Table 5-6. A good grading system isn’t 

inspection of products for only one parameter. In this paper, the accuracy is 

ignored. Because the only parameter of length is discussed, but there are more 

parameters such as the number of flowers and flowers color need to be added 

in the grading system. Further, the trend of branches can be controlled. Besides, 

the segmentation result influences the error of experiment. If the image 

segmentation result is more correct, the smaller merged threshold could be set. 

And the result of error would be reduced. Such as Figure 5.10(a) and Figure 

5.11(a), they are acquisited by one oncidium. There is a canonicall loop in 

Figure 5.11 but Figure 5.10 isn’t. After branch analysis, the traversal lists of 

them are different, but the same counts of sub-branches and the close 

estimation length of branches are obtained.  
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Figure 2.1 Oncidium image 
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Figure 2.2 Oncidium shape 

 

Figure 2.3 Oncidium model 
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Figure 2.4 The c x r bitmap B in an ordered array 

 
        
 8 8   6 6  
 7 7   5 5  
  4 4 4 4   
   3 3    
  2 2     
 1 1      
 0 1      
        

Figure 2.5 Level array data corresponding to a branch based region growing 
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Figure 2.6 Ambiguous branc
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Figure 2.7 Structuring elements for thinning 
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Figure 2.8 Example of thinning 
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Figure 2.9 Structuring elements for branching detouring 
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Figure 3.1 Example of an undirected graph 

 

 

 

 

Figure 3.2 Complete Depth-first Search (started fromπ) of an directed graph 
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Figure 3.3 Data structure of a traversal-list 

 

 

 

 

 

 

Figure 3.4 Paths of a graph traversal 
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Figure 3.5 Loop search from a path 
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Figure 3.6 Operation of loops 
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Figure 4.1 Process for Oncidium evaluation 
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Figure 4.2 Graph of the demo image 

 

Figure 4.3 Ambiguous crossed vertices 
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Figure 5.1 Experiment procedure 
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Figure 5.2 Oncidium sim le 
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Figure 5.3 Gray scale of oncidium image 
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Figure 5.4 Gray scale of oncidium image 

 

 

 

 

 

 41



 

 

 

 

 

 

 

 

Figure 5.5 Binarization of oncidium 
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Figure 5.6 Binarization of oncidium 
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Figure 5.7 (a), (b) Image of merg

(b) Deckle edge 
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(a) 

 
(b) 

Figure 5.8 (a), (b) Artificial image 

(a) Original image 

(b) Analyzed image 
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(a) 

 
(b) 

Figure 5.9 (a), (b) Artificial image with crossed vertex  

(a) Original image 

(b) Analyzed image 
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(a) 

 
(b) 

Figure 5.10 (a), (b) Real image of oncidium 

(a) Original image 

(b) Analyzed image 
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(a) 

 
(b) 

Figure 5.11 (a), (b) Real image with crossed vertex of oncidium 

(a) Original image 
(b) Analyzed image 
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Tables 

 

 

 

 

Level Length of primary 
branch 

Amount of 
sub-branch 

Amount of 
short branch 

 

 

 

Case A 551~600Pixel 4 2 
Case B 501~550Pixel 3 3 
Case C 451~500Pixel 2 4 

Table 2.1 Oncid  
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 Flowers branches background 

Red 120-150 20-50 130-160 

Blue 140-160 50-70 160-180 

Green 0-30 10-50 145-165 

Table 5-1 R, G, B component of oncidium 
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Estimation 

length (mm) 
Measure 

length (mm)
Error of each 
branch (%) 

Average 
error (%)

Main branch  215.23 217 0.81 
78.93 (4-14) 68 16.07 
58.64 (7-13) 51 14.99 
28.48 (10-12) 25 13.95 

50.35 (8-9) 44 14.44 
85.47 (5-6) 77 11.00 

Sub-branch 

93.78 (2-3) 

11.84 

84 11.64 

T ation r of figure 5.7 

 

 

 

 

 Estimation 
(mm) 

Measurement
(mm) 

Error of each 
branch (%) 

Average 
error (%)

able 5-2 Estim  erro

Main branch 206.32 208 0.80 
91.40 (3-5) 84 8.81 Sub-branch 
69.55 (3-4) 67 3.81 

4.47 

T im

 

 

 

 

able 5-3 Est ation error of figure 5.8 
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Estimation 

length (mm)
Measure 

length (mm)
Error of each 
branch (%) 

Average 
error (%)

Main branch 206.44 208 0.74 

59.25(3-4) 51 -16.19 

32.74(6-7) 33 0.77 

28.46(8-9) 22 -29.37 

25.75(8-11) 30 14.16 

47.84(5-12) 45 -6.32 

Sub-branch 

52.28(2-13)

10.61 

49 -6.70 

Table 5-4 Estimat rror of fi .9 

 
 
 

 Estimation Measure Error of each Average 
error (%)

ion e gure 5

length (mm) length (mm) branch (%) 
Main branch 196.07 208 5.73 

60.81(3-13) 53 -14.75 
36.8(5-11) 33 -11.51 
21.27(7-8) 24 11.37 

26.89(6-10) 30 10.34 
47.70(4-12) 45 -6.01 

Sub-branch 

45.43(2-14) 1

10.09 

51 0.91 

T timati rror of f 10 

 

 

 

 

able 5-5 Es on e igure 5.
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Type Error 

Main branch 3.59% 

Sub-branch 10.2% 

Table 5 rage erro cidium 
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