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中 文 摘 要 ： 隨著科技的發展與網路的發達，移動型機器人除了在工廠執行搬運
、倉儲的任務，也逐漸走入家庭、社會環境提供服務以滿足人群的
需求。在物聯網的基礎下，應用多功能性且彼此溝通合作的智慧型
機器人是未來趨勢。透過雲端整合服務與高速的無線傳輸科技，機
器人通訊的可能性大幅增加，並且機器人本身不再需要具備大量計
算的能力，有助於降低成本並發展群組機器人之概念。相對於使用
單一機器人的表現，群組機器人在多工、多樣性與靈活性上佔有絕
大優勢，因為透過群組機器人的協同控制可以實現在單一機器人難
以執行的任務。如在搬運方面，具有數量優勢的群組機器人可有更
大的負載量，並根據不同的需求改變運作的型式以達成更佳的運作
效率，以避免移動機器人需要開發足以應付各種情況的高昂成本與
維護費用。然而，機器人的合作機制在群組機器人應用領域扮演極
度重要的腳色，良好的機制設計才能發揮其應有之優勢。因此，本
計畫著重群組機人之實際執行能力，包括設計群組機器人之路徑規
劃方法、建立群組機器人的自動避障方式、規劃群組機器人搬運物
品之合作機制，以期最終能實現多機器人與人類在同一場域互動與
合作。
綜合以上述，本計畫在第一年 (2019.08.01~2020.07.31)已完成之
工作重點如下所列：
1.基於最短路徑之A*演算法於節點向量地圖之路徑規劃演算法。
2.應用梯形或S型速度控制法保持速度連續性於高速轉彎時之路徑修
正演算法。
3.基於時變性最低移動成本之動態路徑規劃演算法。
4.群組機器人編組與路徑規劃演算法

中文關鍵詞： 群組機器人、路徑規劃、梯形速度控制法、合作搬運、自主避障、
人機協作

英 文 摘 要 ： With the development of technology and the development of
the Internet, mobile robots have gradually entered the
family and social environment to provide services to meet
the needs of the crowd in addition to carrying out the
tasks of handling and warehousing in the factory. On the
basis of the Internet of Things, smart robots that use
versatility and communicate with each other are the future
trends. Through the cloud integration service and high-
speed wireless transmission technology, the possibility of
robot communication is greatly increased, and the robot
itself no longer needs a large amount of computing power,
which helps to reduce costs and develop the concept of
group robots. Compared to the performance of using a single
robot, group robots have a great advantage in multiplex,
diversity and flexibility, because the coordinated control
of group robots can achieve tasks that are difficult to
perform in a single robot. For example, in terms of
handling, group robots with a large number of advantages
can have a larger load and change the operating mode
according to different needs to achieve better operational



efficiency, so as to avoid the high cost of mobile robots
to develop enough conditions to cope with various
situations and maintenance costs. However, in order for the
robot cooperation mechanism to play an extremely important
role in the field of group robots applications, it is
necessary to have a good mechanism design in order to exert
its due advantages. Therefore, this project focuses on the
actual execution ability of the group robots, including the
path planning method for designing group robots, the
automatic obstacle avoidance method for establishing group
robots, and the cooperation mechanism for group robots to
carry articles, in order to achieve the goal of human-robot
collaboration in the same field.
Based on the above, the main tasks of this project in the
first year (2019.08.01~2020.07.31) are as follows:
1.Path planning for the short distance path on node-type
vector map by A* algorithm
2.The path correction algorithm applying Trapezoidal/S
curve velocity control to keep the continuity of velocity
in high-speed turning
3.Path planning for minimum moving cost on the dynamic map
4.The grouping and path planning for the multi-robot system

英文關鍵詞： Multi-robot, Path planning, Trapezoidal velocity control,
Cooperative handling, Autonomous obstacle avoidance, Human-
robot collaboration
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Abstract—This paper proposed a path planning method based 

on bidirectional rapidly-exploring random tree algorithm and the 

follow-up path improvement measures, including pruning, 

smoothing and introducing the trapezoidal velocity profile for 

both linear and angular velocities to obtain a point-to-point path 

with higher quality. Because many unnecessary turns are removed, 

smooth paths through nodes are designed, and the trapezoidal 

velocity profile is implemented with the robot’s kinematic model, 

the velocity function with continuity can be established and the 

robot’s movement time can be estimated, which can be much 

easier applying to those controllers requiring higher orders. 

Keywords—path planning, bidirectional RRT algorithm, path 

pruning, path smoothing, trapezoidal velocity profile 

I. INTRODUCTION  

 Mobile robot has played an important role in whole world. 
For example, automatic guided vehicles(AGVs) are often used 
to integrate production lines and automated storage systems in 
modern factory [1]. Even in a home environment, several 
consumer electronics, such as robot vacuum cleaners, are the 
application product of mobile robots [2]. Benefit from more 
advanced hardware and  intelligent software, the early design of 
navigation by chasing the line will gradually be replaced by 
automatic path planning with autonomous obstacle avoidance, 
so that the robot has the ability to face a complex, dynamic, and 
even unknown environment. In a basic robot control architecture, 
there are at least three main tasks, which are path planning – to 
give a path from current position to the target position, 
localization – to identify the coordinates of the robot, and 
controller design – to move the robot along the planned path and 
eliminate position errors [3]. This paper focuses on path 
planning tasks. 

 Point-to-point path planning can be divided into two 
categories based on the completeness of algorithm. Of all the 
algorithms that are complete, A* algorithm with heuristic ability 
and optimality is arguably the most famous algorithm [4]. 
However, the exponential growth of time and space complexity 
makes it difficult to be applied to large or high-dimensional 
maps. Relatively, those algorithms with only probabilistic 
completeness, such as RRT algorithm, are usually able to 
complete path planning tasks in less time, but it is also difficult 
to ensure optimality and requires subsequent improvement 
measures [5]–[7]. In order to further reduce the time required for 
path planning, bidirectional search technology will be 
introduced into the RRT algorithm. The method of searching 
from the begin and the end uses two shallower search trees to 

complete the work that requires a deeper search tree [8], [9]. 
Therefore, the number of nodes to be explored is much less than 
that of traditional RRT algorithms, which makes the 
bidirectional search algorithm usually take less time to complete 
the task of path planning. 

 In this paper, we use bidirectional RRT algorithm as the 
main method to obtain the path from start point to end point, and 
the details will be explained in section II. After that, the 
improvement measures, including path pruning, path smoothing, 
and the implement of trapezoidal velocity profile to improve the 
quality of the path are shown in section III. Section IV and V are 
the simulation results and conclusion. 

II. BIDIRECTIONAL RRT ALGORITHM FOR PATH PLANNING 

 Traditional RRT algorithm uses a random sampling method 
instead of modeling the overall map, making the coordinates of 
the path nodes randomly, so the results of each path planning 
will be slightly different. Traditional RRT algorithm is also a 
non-heuristic iterative algorithm. Each iteration works through 
the following steps: (1) generate a random point nr, (2) find the 
node nc in the searching tree T closest to the random point, (3) 
generate a new node nn with a random distance from nc with the 
direction form nc to nr, (4) add nn into T and record the parent 
of nn is nc if no obstacle between nn and nc , and (5) give a goal 
test for nn , which is to check if nn close to goal node ng and no 
obstacle between nn and ng. If nn passes the goal test, then break 
the iterative operation and jump to path reconstruction stage. In 
the initial state, only the start node ns in the searching tree T.  

 Bidirectional RRT (BRRT) algorithm searches from the start 
and end points at the same time, so there are two search trees, Ts 
and Te, which contains the starting node and the end node, 
respectively. In particular of a bidirectional search, the goal node 
refers to a node that is able to connect two search trees, so the 
node at the end of the path needs to be renamed as end node ne. 
There are also five steps in each iteration works of bidirectional 
RRT algorithm. Step one is as exactly same as the traditional 
RRT algorithm. Steps two to four need to be performed twice 
because there are two search trees. The main difference between 
RRT and BRRT algorithms is the goal test in step five. The goal 
test of BRRT algorithm is to check those nodes added to own 
search tree are enough closed to any node from another search 
tree and no obstacle between the added-in node and the closest 
node. If one of add-in node passes the goal test, the bidirectional 
RRT algorithm jumps to path reconstruction stage, which is 
similar as traditional RRT algorithm but in both sides to obtain 
the path that connects start and end nodes. 



Algorithm I. BRRT (map, xstart, xend, pars) 
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Ts.Initialize(xstart) 

Te.Initialize(xend) 

T = [Ts, Te] 

for i = 1 to pars.n 

    xrand = RandSample() 

    for j = 1 : 2 

        xnear = Near(T(j), xrand) 

        xexd = Extend(xnear, xrand, pars.dis) 

        if Obstacles (map, xnear, xexd) continue 

        xexd.parent = xnear 

        T(j).Add(xexd) 

        if GoalTest(xexd, T(3 - j)) 

            return Reconstruct(T(j), T(3 - j), xstart) 

        end 

    end 

end  

return emptyList 

 The computational procedure of BRRT algorithm is given in 
algorithm I. Because of searching from two sides, a loop that 
executes twice including step two to five is given between line 
6 and 15 in Algorithm I. If there exists one node, which is xend, 
in one of search trees can link any node in another tree before 
reaching the limited number of times to pass the goal test, the 
second stage, called as reconstruction, will give the path 
reconstructed and combined from xend to the start point and the 
end point. Otherwise, an empty list should be thrown out, to 
show that the task of path planning cannot be completed. The 
reason for splitting T into T(j) and T(3-j) as input arguments is 
to ensure that xend is always in T(j) instead of T(3-j) regardless 
of whether j is 1 or 2, because the way to plan a path that contains 
xend will be slightly different depending on whether xend is in the 
search tree. 

III. PATH IMPROVEMENT MEASURES 

 As everyone knows, the RRT algorithm creates many 
unnecessary and time-consuming turns on the path because the 
nodes of the map are established by the sampling method. 
Therefore, if this path is provided to the robot directly, it will 
make the robot move inefficiently and unstable. BRRT is 
essentially the same as RRT in each search tree, so the path 
quality is basically the same. Therefore, algorithms based on 
RRT algorithms need some improvement mechanism 
adjustments, such as the dual-tree design in [10].  

 Three methods, which are path pruning, path smoothing, and 
the implement of trapezoidal velocity profile, are sequentially 
used to improve the quality of the path. Path pruning designed 
with the greedy search method can greatly reduce the number of 
turns of the path with a small amount of computing power while 
reducing the path length slightly. Path smoothing can change the 
turning pattern of the path, so that the robot does not need to turn 
with the stop-turn-and-go mode. The implement of trapezoidal 
velocity profile provides dynamic movement information of the 
path, so that the robot can use different moving velocities at 
different stages. Compared with the way of moving at a fixed 
velocity, the proposed method can take less time to reach the 
destination. 

A. Path Pruning 

 The concept of path pruning established by the greedy 
method lies in striding out the largest step as much as possible. 
Although it is not guaranteed that the best path will be selected, 
it is suitable for matching with RRT algorithms because of its 
fast convergence. This algorithm will first set the first node of 
the path as the current node, and search from the end of the path, 
and then set the first node without obstacles to the current node 
as the new current node. Since the new current node is already 
at its maximum pace, there is no need to consider all nodes 
located in the old and new current nodes to save operations. 
After that, replace the old one with the new current node, and 
repeat the same search method, until the current node is the end 
point to end the search. All nodes considered as the current node 
in the search process will be used as the nodes of the new path. 
The pseudocode of path pruning is given in algorithm II. 

B. Path Smoothing 

 The purpose of path smoothing is to replace the path near the 
node with an arc path, as shown in fig. 1, so that the robot can 
pass through the node in a simultaneous turn and forward at a 
relatively smooth velocity. This algorithm has one parameter, 
the radius of rotation r, to determine the two points where the 
arc path tangents to the original path by (1). 

Algorithm II. PathPruning (map, P) 
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Pnew.Initialize() 

icur = 1 

while icur < length(P) 

    for i = length(P) to icur + 1 by -1 

        if Obstacles (map, P(icur), P(i)) continue 

        icur = i 

        Pnew.Add(P(icur)) 

        break 

    end 

end 

return Pnew 

 If the given radius of rotation is too large, it may happen 
that the tangency point is not within the range of the path, or it 
cannot join the path of the previous section. A relatively 
conservative strategy is to limit the distance between the 
tangent point and the node, which must be less than half of the 
distance of the path, such as 1( , ) 0.5 ( , )a

i i i idis P P dis P P− , 
otherwise it is necessary to further reduce the rotation radius. 
The pseudocode of path smoothing is given in algorithm III. 
Subfunction Find() in Line 3 and 5 is to find Pa and Pb based 
on (1), and subfunction Modify() in Line 4 is to modify the 
rotation radius r as rm by (2). 

 

 

Fig. 1. Geometric relationship between nodes in path 
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C. Implement of Trapezoidal Velocity Profile  

The design of trapezoidal velocity profile (TVP) is quite 
simple and convenient, and is widely used in mobile robot and 
automated vehicle control. Therefore, this paper also applies it 
to part of the path improvement measures of path planning. 
However, the wheeled differential mobile robot has three 
variables representing the space coordinates and direction on a 
plane. Even if there is a constraint condition for the tire, its 
kinematics shows that there are still two input variables, v  and 
 , representing linear velocity and angular velocity. The path 
after smoothing includes two types: line and arc paths. The 
velocities of line paths can be completed only with the standard 
trapezoidal velocity design, because the angular velocity of line 
paths is kept at zero such that only the linear velocity needs to 
be considered. However, when the trapezoidal velocity method 
is implemented to arc paths, the linear velocity and the angular 
velocity need to cooperate with each other in order to maintain 
the same path from path planning. Thence, for an arc path, its 
target can be represented by (3), where the analytical solutions 
do not exist in general that require numerical solutions. 

( ) ( )
0

1 1
1cos , sin , , , , , ,a at t

x v y v x y x y     
=

= = = =     (3) 

In first step, the linear velocity is designed by trapezoidal 
velocity profile with the length of arc path as the distance to 
estimate the time cost 1est . The next step is to find out 2est , 
which is the time cost of turning from a

i to b
i  with the 

condition 0a b
i i = =  by trapezoidal velocity profile. If 

1 2est est , which means the robot’s linear velocity is too fast to 
complete the turn, a

iv  or b
iv needs to readjust to satisfy 

1 2est est . In third step, reduce the parameter max until 

1 2est est= to make turning and moving finish at the same time. 

Algorithm III. PathSmoothing (P, r) 
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Pnew.Initialize(P(1)) 

for i = 2 to length(P) - 1 

    [Pa, Pb] = Find(P(i-1), P(i), P(i +1), r) 

    rm = Modify(Pa, Pb, P(i - 1), P(i), P(i + 1)) 

    [Pa, Pb] = Find(P(i - 1), P(i), P(i + 1), rm) 

    Pnew.Add(Pa) 

    Pnew.Add(Pb) 

end 

Pnew.Add(P(length(P))) 

return Pnew 

The current linear velocity and angular velocity are designed 
independently, which will inevitably cause a position error 
between the end node of the path and 

b
iP . This error must be 

eliminated, or at least reduced to an acceptable range. Otherwise, 
the paths of the sections will not be connected smoothly. To 
reduce this error, three adjustment mechanisms are introduced 
to adjust the position of the end node of path: give a short time 

1 0t   before starting turning, add a time 3 0t   after ending 
turning , and adjust the turning time length 1est  as 1 2est t+ , 
where the adjust value 2 Rt   can being positive of negative. 
In our method, only one of 1t  and 2t  can be non-zero to keep 
a larger rotation radius. The sign value of these three adjustment 
mechanisms cut the 2-D space into 4 quadrants, which are 1) 

1 20, 0t t    , 2) 1 20, 0t t    , 3) 3 20, 0t t     and 4) 

3 20, 0t t    . The fourth and fifth steps are to determine and 
find which two variables to use for adjustment based on the 
quadrant 

b
iP  located. For example, if 

b
iP  locates at the quadrant 

of 1 20, 0t t     , 1t  and 2t will be find out by 2D secant 
method to let the error close to 0, and 3t  maintains at 0 because 
of the mutually exclusive condition between 1t  and 3t . After 
all the arc paths have established the velocities in the above steps, 
and each straight path is also completed, the last step is 
connecting each path to form the final path.  

The step-by-step process of the proposed path planning in 
this paper is given in algorithm IV, to tandem Algorithms I to III 
and the implement of trapezoidal velocity profile. 

Algorithm IV. PathPlanning (map, xstart, xend, pars) 

1 

2 

3 

4 

5 

P1 = BRRT (map, xstart, xend, pars) 

P2 = PathPruning (map, P1) 

P3 = PathSmoothing (P2, pars.r) 

P4 = TVP (P3, pars) 

return P4 

IV. SIMULATION RESULTS  

The start and end point in a maze are given as [10, -9] and 
[487, -368] in x-y coordinate system where the size of map is 
512 512 pixels and the origin defined in the upper left corner 
of the map. Three simulation results will be discussed in this 
section: the first focuses on the difference between RRT and 
BRRT, the second is showing the results of path pruning, and 
the last is the result of path smoothing and the implement of 
trapezoidal velocity profile. 

A. Path Planning by RRT and BRRT Algorithms 

Fig. 2 shows the simulation result of path planning by RRT 
and BRRT algorithms, where the purple bold line represents the 
path and the thin lines including red and blue represent the 
search tree. The distance between a node and its parent node is 
limited by 3 to 15 pixels against the maze-like map. Due to the 
randomness of both RRT algorithms, each algorithm was 
simulated 100 times shown in Table I. BRRT is better than RRT 
algorithm in both the number of nodes and the time cost, but 
there is no significant difference in path quality, which is the 
number of turns and path length, between the two. The results of 
this simulation show that BRRT algorithm helps reduce the 
number of nodes and can plan paths faster, but it does not 
significantly help the path quality. Therefore, follow-up 
measures are still needed to improve the path quality. 



 
(a) RRT 

 
(b) BRRT 

Fig. 2. The results of path planning and their search trees 

TABLE I.  SUMMURY OF PLANNING RESULT 

RRT time(s) num of nodes length(pixels) num of turns 

mean 1.567 4752 1038 139.3 

std dev. 1.778 2291 92.35 15.25 

min 0.042 514.0 939.4 113.0 

max 10.10 11383 1557 222.0 

BRRT time(s) num of nodes length(pixels) num of turns 

mean 0.216 765.3 1030 136.3 

std dev. 0.208 530.8 911.4 13.24 

min 0.019 105.0 1444 114.0 

max 1.073 2406 87.90 192.0 

B. Path Prunning 

Fig. 3 shows the simulation result of path pruning in the map. 
The results of 100 simulation tests are shown in Table II. The 
simulation results show that by taking less than 1% of the time 
required for path planning, the path length can be reduced by 
about 6%, from 1052 to 988.3. More importantly, the number of 
turns is reduced by 91%, from 138.6 to 12.90, which makes the 
stability and velocities of mobile robot movement obtain a 
substantial boost. In addition, the result shown in fig. 3 (b) is 
quite close to the optimal path of this map, which shows that 
path pruning proposes an improvement in the entire path 
planning process. 

 
(a) Path before pruning 

 
(b) Path after pruning 

Fig. 3. The results of path pruning  

TABLE II.  SUMMURY OF PRUNING RESULT 

 
pruning 

time(s) 

before pruning after pruning 

length(pixels) num of turns length(pixels) num of turns 

mean .0019 1052 138.6 988.3 12.90 

std dev. .0012 110.9 15.79 102.4 5.430 

min .0008 953.0 125.0 876.5 8.000 

max .0040 1332 176.0 1240 21.00 

C. Path Smoothing and the Implement of TVP 

The smoothing radius is given as 8 p, and the parameters of 
trapezoidal velocity profile are given as following: vmax = 10 p/s, 
a = 1 p/s2, ωmax = 20 rad/s, α = 20 rad/s2 and rk = 0.5, where p is 
the side length of one pixel, and rk represents the ratio of the 
maximum linear velocity of the turn to vmax. The simulation 
result is shown on fig. 4 including path smoothing and the 
implement of trapezoidal velocity profile. The linear and angular 
velocities response plot is given in fig. 5. In order to make the 
figure clearer, the linear velocity is compressed to 10% in this 
figure. This method keeps two long straight sections at the 
maximum line velocity, and reduce the velocity before turning, 
so that the robot can pass at a slower but stable velocity when 
turning. After that, this method can also establish appropriate 
linear and angular velocities in continuous curves near the end 
point, and allow the robot to reach the end position. 

 
(a) Path smoothing 

 
(b) The implement of TVP 

Fig. 4. The results of path pruning and the implement of TVP 

 

Fig. 5. The results of path pruning and the implement of TVP 

V. CONCLUSION 

In this paper, we propose a path planning algorithm using 
BRRT algorithm with follow-up path improvement measures. 
The BRRT algorithm provides a path from the start to the end 
point, and the follow-up improvement measures can improve the 
quality of the path. Because this map allows reverse search and 
there is no one-way area, using BRRT algorithm instead of a 
traditional RRT algorithm can complete path planning with a 
small number of searches. In 100 simulations, this measure can 
save about 86% of the path planning time and 84% of the 
number of nodes. Path pruning can reduce the number of turns 
by about 91% and the path length by about 6%. At the same time, 
due to the advantages of the greedy method, only about 1% of 
additional computing time is required. In the end, the pruned 
path is smoothed through the path and implemented with 
trapezoidal velocity profile, which allows the robot to move in a 
smoother way over the planned path, maintain a high speed in a 



straight line, and reduce the linear velocity to pass smoothly 
when turning. Overall, the robot's movement time can also be 
reduced. The path planned in this way has the characteristics of 
velocity continuity, so it is suitable for application to control 
methods that require high order, especially in the design of 
controllers where the control term includes a differential term. 
In addition, due to the estimated time cost, it can be used as a 
decision factor for the robot decision center to assign tasks. 
These measures enable the method proposed in this paper to be 
easily matched with other algorithms. 
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Abstract—In this paper, the application of facial image 

transformation and local feature adjustment functions are 

realized through the extraction of facial feature points and 

image processing technology, combined with difference 

algorithm to achieve facial image transformation and local 

feature modulation The application of the complete function. 

The function of real-time facial adjustment is completed. The 

internal algorithm of the application includes two main function 

axes. The first is to realize the transformation algorithm of two 

facial images, and the second is the algorithm to zoom in and 

adjust the transformed facial images. The application includes 

both manual search and automatic search facial feature 

extraction methods. The user can use the slider on the 

application to use the difference calculation and the weight ratio 

set by the user. The real-time calculation method The second set 

of algorithms in order to transform the processed face into the 

image, perform the partial enlargement and reduction function 

of the eyes, nose and mouth, use the internal difference method 

to fix the fixed circular area to deform the image, and realize the 

function of partial deformation. Other users can manually select 

any area to deform the local area of the face according to their 

needs, and finally can store the image in the displacement action. 

Keywords—Image processing, face feature detection, face 

transformation, facial features adjustment 

I. INTRODUCTION  

In recent years, due to the increasingly sophisticated 
computing power of personal computers and smartphones, 
coupled with the popularity of social software, many image 
retouching software have been developed on the market, and 
their function is nothing more than fusing and matching 
different facial images. The facial features are fine-tuned and 
other related functions. In the current retouching software 
system, there is no set of retouching software based on face 
transformation, and there is no system that can integrate both 
face change and local facial features adjustment. The 
photographed image source is post-processed, and it is 
impossible to import more than two images for fusion and 
post-production. Therefore, we are thinking about developing 
an algorithm based on facial feature points and local feature 
adjustment to solve this problem. This system is different from 
common facial fusion algorithms. The goal is to transform the 
faces of the two images, that is, the function of replacement 
[1]. Taking the experimental results as an example, the 
processed image effect is a wig The elderly, rather than the 
fusion of the characteristics of young women and the elderly, 
present a visual effect different from the existing system. The 
second part is to perform the partial enlargement and reduction 
function of the facial features of the processed fusion image, 
and use the internal difference method to deform the image of 
the preset circular range with a fixed radius to express the local 

deformation function [2], and realize the image Algorithm 
design for integration of fusion and local image retouching. 

II. METHODS 

This system presents the algorithm in the application 
program in the form of GUI. The algorithm includes two main 
axes. One is to realize the transformation of two facial images, 
and the other is to zoom in on the transformed facial images, 
and finally the final The action of image storage. This system 
is composed of manual facial feature extraction, automatic 
facial feature extraction, image pre-processing, image 
deformation calculation and image local deformation 
algorithm. Fig. 1 is a "system architecture diagram of face 
transformation and face adjustment application design based 
on facial features". 

 

Fig. 1. System architecture diagram of a face transformation and face 

adjustment application program design based on facial features. 

A. Image pre-processing 

The automatic facial feature capture function can 
automatically capture a face by pressing a button. The mask 
algorithm can automatically find the eyes and mouth features 
and store the corresponding coordinates. Before performing 
Face Morphing, this system performs pre-processing on 
Image B to facilitate subsequent algorithms to calculate 
higher-quality fused images. First, perform YCbCr color 
plane conversion processing on the Image B image, after 
binarization and growth erosion operations, propose a pure 
face region image, then perform edge blurring processing on 
the extracted image, and then process the pure face after 
processing The image is overlaid on the original image of 
Image A to complete the pre-processing of the face image 
source. Fig. 2 shows the program flow chart of the pre-
processing of the image. 



 

Fig. 2. Program flow chart of image pre-processing. 

B. YCbCr color conversion and image binary processing 

Since the two face images are temporarily stored in the 

form of RGB color planes after input, they must be converted 

to YCbCr color planes to facilitate the system to accurately 

extract the skin color of the face. First convert the RGB 

image source of the input Image B to the YCbCr color plane, 

and then process the Cb and Cr plane images respectively. Y 

is the brightness parameter, Cb is the color difference 

parameter of blue, and Cr is the color difference parameter 

of red. Convert The purpose of the YCbCr color plane is to 

extract the skin color part of Image B [3], extract Cb and Cr 

separately, set the binarization threshold, and perform 

binarization processing on the two images respectively, and 

convert the RGB color plane to the YCbCr color plane. The 

equation is as follows: 



0.299 0.578 0.114

0.564( )

0.713( )

Y G B

Cb B Y

Cr R Y

  

 

 



Among them, 0.299, 0.578, and 0.114 are the sensitivity 

parameters of human eyes to R, G, and B colors, and the 

equation to convert the YCbCr color plane back to the RGB 

color plane is as follows: 
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After extracting the Cr and Cb images, the two images are 

binarized. The binarization standard is to divide the image 

by a single gray value. Assuming that the binarized gray 

threshold is m, the threshold equation is as follows: 

1

( , )

m n

i

m f x y





 

Where f is the input image, n is the total number of pixels of 

the input image, f(x,y) is the grayscale value of the pixel 

coordinate (x,y), the left side of Fig. 3 shows the Cb color 

plane after binary conversion After the image, the right is the 

image of the Cr color plane after the binary conversion. 

 

Fig. 3. Left image after the Cb color plane is binarized, right image 
after the Cr color plane is binarized. 

C. Image erosion and growth 

Since we hope to extract the pure face image part very 

cleanly in the subsequent calculations, after the two images 

are binarized, the Cr image is processed for image erosion and 

growth, and the size of the mask is Both are 3x3 matrices. 

There are two sets A set and B set in space. When A set is 

corroded by B set, it can be expressed as A⊝B. A is the input 

image, and B is the structural element. The open operation is 

composed of erosion operation and dilation operation. The 

formula is as follows: 

(A B A ⊝ )B B    

The erosion operation is opposite to the open operation, and 
its formula is: 

( )A B A B  ⊝ B 

Then the system only erodes and grows the Cr image, and 
performs the∩operation with the original Cb image. The left 
side of Fig. 4 shows the Cr binarized image after image 
erosion and growth. Finally, the processed Cr binarized image 
and the original Cb binarized image are subjected to∩  
operation. The right side of fig. 4 shows the result of the ∩  
operation on the processed Cr binarized image and the original 
Cb binarized image. 



 

Fig. 4. Left is the Cr binarized image after image erosion and growth, and 

the right is the result of the ∩ operation on the processed Cr binarized 

image and the original Cb binarized image. 

D. Edge blur operation 

Before implementing the image overlay, since it is hoped 

that the boundary of the image after the overlay will be more 

natural, it is necessary to perform the edge blurring operation 

on the extracted simple facial image. In the fuzzification 

calculation, the system sets the 8-layer fuzzification effect. Fig. 

5 shows a schematic diagram of the gray-scale image of the 

eight-layer edge fuzzification. 

 

Fig. 5. Schematic diagram of grayscale image with eight-layer edge 
blurring. 

Taking this system as an example, the edge blurring effect is 
a superposition of eight layers of edge mask images. The 
method for generating each layer of mask image is the image 
corresponding to the weighted image pair X+1. After the 
erosion calculation, the calculation method is defined as 
follows: 

LayerX A ⊝Wn 

Finally, the edge mask images with different weights of 
Layer1~Layer8 are superimposed on pixels to obtain a mask 
image with eight layers of progressive edge blur at the same 
time. This mask can perform edge blurring operations on 
subsequent simple facial images. The calculation of the blur 
mask is defined as follows: 

1

x

E

i

I LayerX



 

The specific method is to take the binarized image after the 

original calculation, create a new smaller image through 

image erosion, and then subtract this image from the uneroded 

image to extract a small face The outer boundary, and then 

multiply the extracted outer boundary by the corresponding 

weight value. The same framework is done eight times in a 

row, and the outer boundary is overlapped and accumulated. 

The weight values are 0.875, 0.75, 0.625, 0.5, 0.375, 0.25, 

0.125 parameters. Finally, the R, G, and B planes are 

multiplied within the elements of the gray-scale weighted 

image and the original image to obtain a pure face image with 

progressively blurred edges. Fig. 6 shows the pure face image 

after multiplication within the elements. 

 

Fig. 6. Pure face image after intra-element multiplication. 

E. Image overlay calculation 

The next step is to perform an image overlay operation on 
the pure face image and the original image of Image A. Fig. 7 
shows the newly generated image after the image is 
overwritten. The goal is to use the original image of Image A 
as the base image of the image. The image is overlaid on the 
original image. The specific method is to use the 
characteristics of the black background of the pure face image 
to judge by the corresponding pixel. If the specified pixel 
value of the scan is 0, the corresponding pixel of the original 
image of Image A is taken as the new The pixel value of the 
image. If the specified pixel value of the scan is not 0, the pixel 
value of the simple face image will be used as the pixel value 
of the new image.      
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Fig. 7. Newly generated image after image overlay. 

There are many methods for image deformation and fusion, 
including Cross-Disolve, Feature-based Morphing and Mesh-
based Morphing algorithms. This system uses the latter. The 
Mesh-based Morphing algorithm is based on the 
transformation of multiple meshes. The specific method is to 
use the cpselect control point selection tool function to mark 
the original image of Image A and the newly generated image 
after the image has been overwritten earlier. Multiple feature 
corresponding points, according to the feature points, the 
whole image is divided into several triangle regions. The core 
method is to use Affine transformation as the triangle 
deformation method [4], and set a set of two-dimensional 
triangles, namely ABC and A'B'C' , The transformation matrix 
formula for transferring all pixels from one to another is as 
follows: 

'

'

1 0 0 1 1

x a b c x

y d e f y

     
     


     
          



Among them, a, b, d, e are the image rotation and zoom 
parameters, c, f are the translation amount, x and y are the 
original image coordinates to be converted, x' and y' are the 
converted image coordinates, and the corresponding 
coordinates are applied After the pixel values, the final 
deformed face image can be generated, and the number of 
feature points in image A is the same as the number of feature 
points in image B.  

We define its conversion matrix as a matrix T, where the T 
matrix is composed of rotation, translation and scaling 
matrices. The rotation matrix is defined as follows: 
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The translation matrix is defined as follows: 
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The scaling matrix is defined as follows: 
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The rotation, translation, and zoom matrices are all 3x3 in size. 
Through the above three matrices, we can get the following 
decomposition formula: 
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From the matrix point of view, we can get 6 equations, but the 
matrix has only 5 variables: sx, sy, tx, ty and θ, so a complete 
solution can be obtained. Finally, the position of the feature 
points in the new image is generated according to the fusion 
ratio, and the fusion weight parameters are as follows: 

(1 )Ic Ia Ib      

Ic is the newly generated fusion image, Ia is the original image 
of Image A, Ib is the newly generated image after being 
overwritten by the image, and  is the weight parameter, 

which is the contribution of Image A to the new image of Ic 
[5][6], the weight value The parameter is between 0~1, and 
the pixel values in image A and image B are calculated by 
interpolation method. Fig. 8 shows the image segmentation of 
the triangular area according to the feature points. 

 

Fig. 8. Triangular area map based on feature point image. 



F. Local deformation of facial features 

It is slightly different from the face transformation. The 
deformation of the facial features needs to be deformed based 
on the area instead of the entire image. The specific method is 
to first define the coordinates of the face parts and then create 
a circle corresponding to the coordinates in the system. 
Internally, the system will zoom in and out. Set the circle to 
60 pixels. Use the nearest neighbor interpolation method to 
calculate the area scaling effect. Use formulas (14) and (15) to 
implement interpolation. 

( )posX round offsetX scale pointX   

( )posY round offsetY scale pointY   

III. RESULTS 

This system uses Matlab to realize the fusion of real-time 
face images. Fig. 9 shows the original face images of Image A 
and Image B. Fig. 10 shows the Mesh-based Morphing 
algorithm and affine transformation to achieve real-time face 
transformation effects. From left to right, the instant fusion 
effects with Alpha values of 0.3, 0.5, and 0.7 are shown 
respectively. The left side of Fig. 11 shows the adjustment 
effect of reducing the eyes instantly, and the right shows the 
adjusting effect of instantly enlarging the eyes. Fig. 12 shows 
the adjustment effect of reducing the nose instantly, and the 
right one showing the adjustment effect of instantly enlarging 
the nose. 

 

Fig. 9. Original face images of Image A and Image B. 

 

Fig. 10. From left to right, the real-time fusion effects with Alpha values of 

0.3, 0.5, 0.7 are displayed respectively. 

 

Fig. 11. The left shows the adjustment effect of reducing the eyes instantly, 

and the right shows the adjustment effect of expanding the eyes 
instantly. 

 

Fig. 12. The left shows the adjustment effect of reducing the nose instantly, 

and the right shows the adjustment effect of instantly expanding the 

nose. 

In order to prove the robustness of this system, we used the 

second set of face images for testing. Image B of this image 

set and the first set of images are both elderly male avatars, 

and the fusion test also got quite good results. The fusion result. 

Fig. 13 shows the original face images of the second set of 

Image C and Image B, and Fig.14 shows the face fusion results 

of the second set of face images with Alpha values of 0.3, 0.5, 

and 0.7. 

 

Fig. 13. Original face images of Image C and Image B. 



 

Fig. 14. The real-time fusion effects of the second group of images with 
Alpha values of 0.3, 0.5, 0.7 are shown from left to right. 

 

Fig. 15. The image on the left shows the effect of the reduced eye, and the 

image on the right shows the effect of the enlarged eye. 

 Compared with the traditional face fusion method, the 
method studied in this paper can effectively use image A as 
the base to perform the face fusion function of image B, and 
effectively remove some unnecessary fusion afterimages 
during the fusion process. Fig. 16 shows The original face 
image of face fusion done by the University of California, 
Berkeley [7]. The left side of Fig. 17 is the instant fusion result 
of the face fusion algorithm of this paper with   = 0.5, and 

the right side is the traditional face used by Berkeley. The 
partial fusion algorithm uses the fusion result of   = 0.5. The 

fusion shortcomings of the traditional method can be seen in 
the green circle, and the obvious fusion afterimage can be seen. 

 

 

Fig. 17. The left side is the real-time fusion result of the face fusion algorithm 

of this paper with  = 0.5, and the right side is the fusion result of the 

traditional face fusion algorithm used by Berkeley branch with  =0.5 

Conclusion[7]. 

 This system realizes that two arbitrarily input facial 
images can be operated arbitrarily through the GUI. The first 
is to realize the transformation algorithm of two facial images, 
and the second is to perform the local facial features 
magnification adjustment algorithm on the transformed face 
images. law. The user can simultaneously use the slider on the 
app to use the difference calculation combined with the weight 
ratio set by the user to calculate the face transformation fusion 
ratio in real time, and realize the real-time face transformation 
function with Image A as the main body. It can transform the 
processed image of the face to perform partial zooming in and 
out of the eyes, nose, and mouth, and use the internal 
difference method to deform the image of a preset circular 
range with a fixed radius to achieve the function of local 
deformation. This system can not only increase the 
functionality of the existing commercially available systems, 
but the algorithm also integrates the two functions and 
optimizes the algorithm to achieve smaller computing 
resources for face fusion. 
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