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Fig.S1. Rendered diagram of the assembly of robotic arm and hull. 

 

 

 

 

 



 

 

 
Fig.S2. Three-view drawing of the assembly. 

 

 

 

 

 

 

 



 

Fig.S3. The schematic diagram of the manipulator with the D-H coordinate axes. 

 

 

 

 

 

 

 

 



 

Fig.S4. Simple displacement analysis of Link 2 under target load. The hardware design and 
verification aspects of this project have largely achieved the predetermined objectives, though 
certain details require further investigation in the future. For example, in the finite element analysis 
of a single arm, a relatively large deflection was observed when simulating the application of the 
target mass at the arm’s end. Although the magnitude of this deflection remains within an acceptable 
range, it can still introduce errors in end-effector position calculation. As shown in Fig. S4, although 
the end displacement under the target load is almost negligible, the fully extended configuration of 
the arm amplifies this error. At present, the error consistently remains within the range of 5–20 mm. 

 

 


