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1 Brief Introduction 

The localization system[1] consists of two parts: the global localization system and 
the local localization system. Both of them based on AMCL (Adaptive Monte-Carlo 
Localization)[2].  

The prediction and update process using the Equation 1 & 2. 
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Fig. 1. Status during localization 
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The global localization system aims to find out where the robot without previous 
location information and help to solve the kidnapped problem, corresponding to 
Figure 1(a) to Figure 1(b). It receives the type and location of landmarks that insight 
and a pre-defined map of landmarks, then finds out the most likely current position of 
the robot on the field. Landmarks types including X cross, T cross, L cross, penalty 
point and goal post, as shown in Figure 2. Due to the symmetry of the field, we use 
fuzzy location information to eliminate the ambiguity caused by the symmetry.3D 
Object position transform in Figure 3. 

 
Fig. 2. Landmarks provided by the visual observation. 

 
Fig. 3. Transformation from Camera coordinate to odometry 
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In 2019, we started to calculate the 3D position to camera using the depth image. 
This will decrease the time for the cloud-data transformed to localization nodes. Then 
the transform matrix from odometry to object P is: 

 Todom𝑃𝑃 = 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑇𝑇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑒𝑒𝑤𝑤𝑜𝑜𝑇𝑇ℎ𝑒𝑒𝑤𝑤𝑜𝑜𝑐𝑐𝑤𝑤𝑜𝑜𝑒𝑒𝑐𝑐𝑤𝑤𝑇𝑇𝑐𝑐𝑤𝑤𝑜𝑜𝑒𝑒𝑐𝑐𝑤𝑤
𝑃𝑃  

Meanwhile, the local localization system aims to reduce the cumulative error of the 
localization system, corresponding to Figure 1(b) to Figure 1(c). Due to the 
requirement of the games, the localization system running at a high frequency, so it 
provides timely location information for the decision and the navigation.  

The local localization fuses the information obtained from odometry, robot 
kinematics status and visual observation that provide by deep-learning. The odometry 
and robot status provide a raw estimation of the robot location. The visual 
observations are used to rectify the cumulative error. As same as the global 
localization, the local localization preserve a pre-define map of the field. 
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