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Abstract — This paper studies the design of accurate positions of the goal keeper, Goalie, in Microsoft 5vs5 Soccer Simulation. 
Goalie’s inaccurate position always leads to failures of competition. In order to enhance the accuracy of the position and the 
identification of the goalie, we propose taking the goal line as the common chord and drawing several circles with different radii to 
distinguish some area. We extract the general information of the ball, the playground as well as the goalie and judge the dangerous 
degree according to the distance between the goal line and the ball, the shooting angle and the speed of the ball, then we adopt the 
specific strategy. We also propose a new way of location based on least square method and synthetically apply other methods to 
rectify the best position of the goalie. Combine with the goalie’s motion model to accomplish quick, accurate and efficient defense. 
The experiments prove that this strategy improves the success ratio of the defense. 
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I. INTRODUCTION 

As a guardian of the goal, whether in real soccer game 

or robotic soccer game, a goalie plays an important role 

among the team. His stable and reliable action can crumble 

the offensive of the opponents. On the contrary, inthe 

‘gateway’ position, he’s tiny mistakes may make effort of 

all the team out of function. Therefore, taking the goalie’s 

special part in the defense into account, many researcher of 

robotic soccer game consider it as a special object to study. 

Goalies adopt regionally defensive strategy. Distinguishing 

the field is the priority for a researcher. How to distinguish 

the field rationally is a very important thing. In the thesis, 

we propose taking the goal line as the chord and making 

some circle with different radius to divide the field into 8 

area. It can analyze the dangerous magnitude of the ball 

more completely and make the target change smoothly 

when the ball crosses different area. Proposed the 

intersection of the regression line and the goal line of the 

goalie, and then apply the weighted fuzzy control of data 

processing, its station site will be more precise. We also 

combine with other methods to making the goalie’s 

defensive ability greatly enhanced. 

 Document [1] differentiates threatening degree of 

situation to the goalie According to the shooting angle, and 

the same circle refers to the same shooting angle, so the 

method is to draw circles with different radius based on the 

same chord which is the goal line. This partition is very 

reasonable. According to the curved path intercept method, 

the goalie stay in the predictive intercept point. Because the 

goalie curve intercept time is not accurate, and the ball 

speed change frequently, so the interception point we 

reckoning and the actual interception point is difference, 

which leads to intercept errors. A detailed analysis of the 

linear interception in literature [2] is more realistic than 

curve interception, because the rules of the game disallow 

score if the opponent collides with our goalie when they are 

shooting. So we just lead the goalie stay in the interception 

point. But the rectangular partition method is not cautious 

enough, for outflanking easily cause defensive mistakes. 

The two documents above use angle bisector defendable 

locating method, although the calculations take less time, 

but in the actual game, players often can run so fast that the 

goalie can’t defend in time. In view of the advantages and 

disadvantages of them, designed an improved partition, the 

region number is moderate, at the same time the application 

of linear regression makes the goalie quickly reach the 

accurate defensive point and the use of weighted algorithm 

makes it can focus on the left side and the right side of the 

goal, which respond to the opponent suddenly changing the 

direction of attack. 
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II. ANALYSIS OF BEHAVIOR OF THE GOALIE 

A. Strategy of the goalie   

 The thesis rectifies the goalie’s strategy by analyzing 

information of the playground according to the ball. 

Therefore, the goalie’s behavior is closely related to the 

information of the ball and the playground. At first, we 

extract the position information of the ball in the playground, 

so we know that which area it belongs to and the distance 

between the goal line and it as well as the shooting angle. 

Secondly, we extract the velocity information of the ball. It 

depends on the impact velocity of the ball and the robot and 

it affect the threat level of the ball to the goalie. In addition 

to the position and velocity information, we extract its 

direction of motion. The ball will go rectilinearly after it 

leaves the robot. It will not change its direction until it bump 

into a robot or the boundary of the playground. When the 

ball rolls toward the goal, there will have an interaction 

between its direction and the goal line. That is the best 

position for the goalie to defend. When the ball is in a 

certain area, according to the danger class of it, the goalie 

will be configured correspondingly with a certain defensive 

strategy. 

B. Analysis of the goalie’s Behavior attribute and motion 

feature. 

 Generally speaking, a goalie should have three 

attribute which is the position predicted for the goalie to 

arrive and the velocity as well as the direction. The goalie’s 

motion feature is mainly reflected in two aspects. The 

goalie’s common motion feature: in order to improve the 

motion velocity so that the goalie can defend effectively, it 

usually does the horizontal motion on the defensive line 

outside the goal line. When opponents shoot, it will run to 

the destination and block out the way. The goalie’s special 

motion feature: the goalie’s special motion is the non 

horizontal motion. In the special situation, the goalie’s 

horizontal motion can’t defend effectively. So its defensive 

way should be changed according to the special situation. 

III THE SPACE PARTITION AND THE BEST POSITION FOR THE 

GOALIE 

A. Space partition 

Space partition is to reduce defensive error of the 

goalie, to reduce the waste of the resources of the system 

and to improve the decision-making efficiency of overall 

system. If the number of the divided area is too little, the 

goalie's flexibility is poor, also will increase the additional 

system overhead, resulting in a waste of resources. If the 

number of the divided area is too much, the whole strategy 

design is more complex, it may switch a lot of strategy in a 

very short period of time leading to unsmooth transition. 

Therefore only reasonable space partition and combination 

of characteristics of the areas can guarantee accurate and 

efficient defense of the goalie. 

 

 

Fig. (1). Space partition 

 In this paper, the division of site is shown in Fig. (1). It 

is divided into five areas. Area 5 is the half belongs to the 

opponent. Area 3 and area 4 is consisted of circles with 

different radius and the center of the circles respectively in 

the line which combine the middle point of both goal lines. 

Area 1and area 2 is surrounded by the large circumference 

of a circle and the top and bottom boundary and the bottom 

line, is symmetrical about two goal midpoint of attachment. 

 Point O and P in Fig.(1) are the middle points of the 

goal line of both participants. Point A and B are the position 

of the goalpost. The dotted line which is parallel to the goal 

line is the defense line. Obviously, line OP is the 

perpendicular bisector of the goal line AB, so choose a 

point M on OP as the center of the circle and length MA as 

radius, the circle must through point B, or the circle with 

radius MB must pass point A. Based on this method we 

draw two circles which have chord AB. So the playground 
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is divided into five areas. 

 Take two points C and D in circumference. With the 

goalposts attachment A and B we just respectively 

constituted "shot triangle" from point C and D. 

 AMB is the central Angle for arc AB, 

 ACB, ADB are corresponding inscribed Angle for 

arc AB, by inscribed angle theorem 

 ∠ACB=1/2∠AMB 

 ∠ADB=1/2∠AMB 

 We can get shooting angle ∠ACB=∠ADB. 

 Based on the same circumference have the same 

shooting angle, "circular partition method" was proposed. 

Although point C and D have the same shooting angle, it 

doesn't mean that both the threat level to a goalie is the 

same. The threat level of C point is greater than that of 

point D, which is judged according to the distance between 

the two points and the ball line AB. Generally speaking, the 

smaller the distance between the ball and the line AB are, 

the higher the risk degree. There is no magnitude to indicate 

how much of the difference between the dangerous level of 

C and D. But this partition method fixes the shooting angle 

on the same circumference of a circle and we can judge the 

threat level only through the distance between the shot 

points and the goal line. It simplifies the goalie’s judgment. 

B. The goalie’s best position 

a. Angle bisector positioning method 

 

 

Fig. (2).Bisector station France 

 As shown in Fig. (2), setting the current position of the 

ball as Q. Point O is the midpoint of the line AB. The 

effective shooting area is the range covered by 

∠AQB.Angle bisector of ∠AQB intersects line AB in X. 

X is the point the goalie should reach. 

b. Regression analysis method 

 Regression analysis, based on the statistical analysis of 

the dependent variable and one or more independent 

variables, build relationships between dependent variable 

and independent variables. The simplest case is a meta 

regression analysis, the general formula is: Y=α+βX, Y is 

the dependent variable, X is the independent variable, α and 

β is the regression coefficient. And in the process of using 

the formula we need to solve it by using the least square 

method. According to least square method, the regression 

coefficient of the formula can be obtained: 

 X is the abscissa value of the predicted line and Y is 

the ordinate value of the predicted line. 

 Put the coordinates (x, y) of the ball over the last few 

cycles in equation (2) and (3) and calculate the regression 

coefficient α and β. Put them in equation (1) and substitute 

the X with the abscissa value of the defensive line to get the 

Y. If Y is between 70 and 110, take this value, (X, Y) is the 

intersection point of soccer movement trend lines and the 

defensive line. Otherwise, place Y with value 70 or 110. (X, 

Y) is the position the goalie should reach. 

c. Regression analysis and weighted algorithm 

 Calculate the defensive point (a, b), whose coordinates 

b is made up of B_Current and B_Forecast. B_Current is 

the Y coordinate of the ball. If it is beyond the scope of 

(70,110), place Y with value 70 or 110. B_Forecast is 

obtained according to the tendency of the ball. It is the 

intersection point of the tendency of ball and the defensive 

line, if the intersection point is between 70 and 110, take 

this value, otherwise the value is equal to the B_Current. 

With these two values B_Current and B_Forecast, the value 

b of the best defensive point can be calculate by their 

weighted, weights dK = dBallSpeed * K/dDistBall2Home, 

dBallSpeed is the velocity of the ball, dDistBall2Home is 

the distance between the ball and the goal line and K 

coefficient. 

 Y value of the best defensive point: (dK * B_Forecast 

+ B_Current)/dK (+ 1). 

 X value of the best defensive point: the abscissa of the 

defensive line. 

 With weighting algorithm, the results of regression 
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analysis method can make the goalie more flexible. 

IV. PARTITION STRATEGY OF THE GOALIE 

 The goalie will adopt strategies around the ball. Obtain 

information about the ball (position, speed and direction), 

according to the different characteristics of the ball in a 

partition, determine the best position for the goalie. And 

synthetically analyze the threatening degree of the shooting 

point to the goalie, calculate the speed of the goalie, 

eventually move to the target point. Continue to judge the 

position of the ball and place situation and rectify the 

goalie’s position to complete the task. 

 In this article the goalie's defensive strategy process is 

shown in Fig. (3). 

 

 

Fig. (3). Defensive strategy flowcharts 

A. Border defense 

 Area 1 and area 2 is symmetrical about the line 

connecting the middle points of the goal line on each other. 

Shooting angle and the threatening degree to the goalie are 

the same. So the goalie just needs to do the symmetrical 

motion. 

 Area 1: The goalie moves along the defensive line to 

the top of the goal and stays close to the goalposts point A 

to revolve clockwise. 

 Area 2: The goalie moves along the defensive line to 

the bottom of the goal and stays close to the goalposts point 

B to revolve anticlockwise. 

 Analyze the goalie’s defensive process and how it 

handles the special situation from the perspective of the 

shooting. When the angle is greater than zero, the ball must 

cross area 3 and area 4 during the shooting process. When 

the ball rolls through these areas, the goalie will adopt 

corresponding strategy to rectify its position so that it can 

block the ball. When the shooting Angle is equal to zero, 

that means the ball is pushed into the goal scoring along the 

bottom line. At this point, the goalie just stood in the 

position of the bottom line blocking the opponent's goal. 

But it is not enough to stand in the position, if power of the 

opponent which is pushing the ball is greater than the power 

of the goalie, it is possible to push the goalie with the ball 

into the goal or the other few robots help to push the ball. 

The threatening degree of this case to the goalie is very high. 

It is easy to score. For the two special cases, a goalie must 

adopt corresponding countermeasures: Spin around to push 

the ball out of the bottom line or caused the opponent to 

break the rules. The revolving direction is outward from the 

goal. If the ball is pushed out of the bottom line to other 

areas, the goalie will convert to other strategies, so as to 

resolve the attack of the opponent. Or the ball is not out of 

the bottom line, but the goalie in the process of rotation will 

collide with the attacking robots. At this time, according to 

the rules of the game, goals in the situation of colliding with 

the goalie will be disallowed. This technique in the actual 

game has a strong practicability. 

B. The circular area 

 Area 3 and area 4 are circles with different radius and 

centers on the line which connects the middle point of the 

goal line of each other. They all have chord AB. Shooting 

angles in a certain circumference are identical, so the 

threatening degree is judged by the radius of these circles. 

The smaller the radius, the bigger the shooting angle, and 

the distance to the goal line will be smaller, so the risk level 

will be higher. Thus, the danger level of area 4 is greater 

than that of area 3. 

 Area 3: This area uses regression analysis and 

weighted algorithm. Take the coordinates of the ball in four 

sampling periods and make their regression line, which 
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interacts with the goal line at the first defense point P. The 

second defense point Q is the projection of the ball in the 

defense line. We define a weight dK to calculate the 

weighted average of P and Q. Eventually we get the defense 

point K, which is the best position to defend. The aim of the 

weighted algorithm is to avoid the situation that the ball 

suddenly changes its direction and the goalie can’t respond 

in time. The detailed algorithm can be seen in 3.2.3. 

 Area 4: The risk level of this area is higher than that of 

area 3. The goalie’s position method only uses the 

regression analysis method in order to reduce the operation 

time. At the same time, the goalie will kick the ball out of 

the dangerous area to dissolve the opponent’s attack under 

the suitable conditions. There will have certain risk if the 

goalie goes to kick the ball, so when to intercept is 

particularly important. When the ball is relatively far from 

other robots and the velocity is slow, the goalie can 

accelerate actively to kick the ball into the other areas. 

C. Other area 

 Area 5: This area belongs to the opponent. The 

territory is far away from the goal, so we consider it as a 

safe area. The goalie will stand at the middle point of the 

defensive line and wait for the change of the situation. 

V. SIMULATION OF ROBOT SOCCER SYSTEM 

 This thesis is based on Microsoft 5vs5 soccer 

simulation software system. The software simulation 

system uses the DLL (Dynamic Link Library) to accept 

strategies on both participants. The strategy is from the 

DLL provided by each team and the data of the field are 

given after being calculated by the simulation system. The 

DLL accepts processing and will transmit the command, 

which will be sent to the robot, to the simulation software 

system. Associate the space partition and the location 

methods as well as related strategy algorithms proposed in 

this paper with the whole team, then generate DLL files and 

import it to the simulation platform. 

 Here gives some practically defensive 3 D graphics of 

the goalie. Fig. (4) shows the opponent pushes the ball into 

the area 1, closed to the base line while our goalie move to 

the bottom of the goal area to defend. Fig. (5) shows the 

opponent brings the ball into the area 4 while our goalie 

occupies the best position to defend positively in the goal 

area. 

 

 

Fig. (4). Area 1 bottom defense 

 

Fig. (5). Area 4 regression analysis method 

 Here we respectively import the strategies before and 

after improvement into the simulation platform to compete 

with the corresponding target program. The results of 50 

shots are respectively showed in table 1. 

TABLE 1 EXPERIMENT RESULTS 

 

 As we can see from the table 1, defensive model based 

on the thesis improves the space partition and using 

regression analysis method results in the much higher 

success radio than the defensive model which uses 

rectangular space partition and single location method. It 

fulfills the accurate and efficient defense of the goalie. 
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A. Specific Analysis of regression analysis and weighted 

algorithm 

 When the ball rolls through area 3, the goalie uses 

regression analysis and weighted algorithm. Comparing 

with only using regression analysis method, it is more 

flexible which can consider both sides of the goal to prevent 

the enemy from making a feint to the east but attacking in 

the west. The concrete analysis is as follows. 

 

 

Fig. (6). The current stadium situation 

 

Fig. (7). Spherical coordinates 

 Sampling field situation as shown in Fig. (6) and Fig. 

(7) show the sampling coordinate values of the ball (four 

groups of data in each row from left to right are X and Y 

coordinates of the ball in four consecutive sampling 

periods). 

 Input the data to MATLAB to design algorithm and 

then draw the Fig. (8) to shows the area in front of the 

dragon according to the size of platform in Fig. (9). Take 

the last four coordinates of the ball and make the regression 

line which interacts with the defense line at point 

B_Forecast. The projection of the current position of the 

ball in the defense line is B_Current. According to the 

distance between the ball and the goal line and the speed of 

the ball and coefficient K, it is concluded that dK = 

dBallSpeed * K/dDistBall2Home is the weight of the 

B_Forecast. Computing (dK * B_Forecast + 

B_Current)/(dK + 1) and eventually determine the goalie 

target is a certain point between B_Forecast and B_Current. 

Selection of coefficient K will determine the final target 

point closer to the B_Forecast or B_Current. Increase the 

value of K will make the target point move to B_Forecast. 

Figure 8 shows diagram when K is equal to 0.1 and 1. After 

repeated testing, we find that when K is equal to 0.5, the 

defensive effect is better. 

 

 

Fig. (8). MATLAB analysis 

 

Fig. (9). The size of the playground 
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VI. CONCLUSIONS 

 This paper adopts a new method to reasonably 

differentiate the playground. It bases on the circular area 

and combines with the ball position to analyze the threat 

degree of the shooting angle to the goalie, so that we can 

determine the best position for the goalie to defend. We 

determine the velocity of the goalie according to the speed 

of the ball and combine with a variety of location methods 

to fulfill the goalie's rigorous defense. The actual test results 

show that the goalie defensive effect is improved a lot, and 

we got the first prize in Microsoft (MS) wheeled micro 

robot (5V5) simulation game of RoboCup in 2014. After the 

summarization of the competition and lots of experiments, 

the defense effect and expected result have a little 

discrepancy in theory, which shows some disadvantages, 

such as how to handle the goalie’s brake problems more 

accurately. These are efforts to improve in the future. 
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