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S1: The ridgeline  is a B-A curve.
(1) 











Let’s firstly deduce the B-A equation in . As is shown in Figure S1, the red line is a B-A curve and the  point has two principal curvatures  and . The tangential angle of the  point in  is the surface tilt angle .  is an arbitrary point on the B-A curve .  and  are two principal curvatures in the  point. We set up the pressure balance equation on the  point and the p point as follows. 

		(S1)

		(S2)





where  is the liquid pressure in the  point,  the liquid pressure in the  point and  the atmosphere pressure. 
Equation (S2) minus equation (S1) and we get

		(S3)


The liquid pressure difference between the  point and the  point can be expressed by

		(S4)
The rights of equations (S3) and (S4) should be equal, and we gain

		(S5)

Equation (S5) is the B-A equation in the top-body-fixed plane coordinate system .
[image: 图片1]

Figure S1 The top-body-fixed coordinate system  and the B-A coordinate system






of a stationary droplet on an inclined surface.  and  are determined by the right-hand rule.  is the ridgeline of the droplet. The coordinate systems  and  are the same as those in Figure 1 in manuscript.
(2) 









Now, we begin to prove the ridgeline  be a B-A curve in . As is shown in Figure S2, all points on the droplet curved surface are cup points. So, every point on the droplet ridgeline  has ,,  is the tangential angle of the  point in . We substitute  and  into equation (4) in manuscript and get the ridgeline expression as follows. 

		(S6)





 is the sectional curvature of the  point on the cross section vertical to  axis. Because of Mesnière's formula, , one principal curvature of the  point,  can be expressed by

		(S7)



In addition, , another principal curvature of the  point in plane , can be expressed by

		(S8)





Substitute Equation and  into equation , we get the expression of the ridgeline  in  as follows.

		(S9)


Equation (S9) has the same form as equation (S5), which is the B-A equation in the top-body-fixed plane coordinate system . So, we deduce that the ridgeline  is a B-A curve.


[image: 10]





Figure S2 Two principal curvatures ,  and the sectional curvature  on the cross section vertical to  axis of an arbitrary point  on the ridgeline.























S2:  is uniquely determined by  when  and  are fixed.



As is shown in Figure 3, transferring PDE (4)  from the top-body-fixed rectangular coordinate system   to the top-body-fixed cylindrical coordinate system   and using the surface Euler’s formula on the  point, we get follows.

		(S10)



where  and  are two principal curvatures on the  point.

























We know PDE (S10) is a Cauchy problem with the vector variable  when  is fixed.  is uniquely determined by  when  is determined. Because the ridgeline  is a B-A curve, is uniquely determined by the vector  when  is determined. We deduce that  is uniquely determined by  when  is determined. Because  is uniquely determined by  when  is determined, we deduce that   is uniquely determined by when  is determined. Because  is uniquely determined bywhen  is determined, we deduce our final conclusion that  is uniquely determined by  when  and  are fixed.




S3: The determination of  when  is given.



S3.1 The volume  calculation of the moving droplet  with the given 
[image: 093476cedda752791183cb5940b7bcff]

1

a                                           b





Figure S3 The schematic diagram of  calculation of   with the given .  is determined by the right-hand rule. (a) The side view of a droplet on an inclined plane. (b) P direction view of a droplet on an inclined plane.





 As is shown in Figure S3, the moving droplet  lays on an inclined surface with tilt angle . The ridgeline of  is a B-A curve and the B-A curve top is . 








Supposed that the distance from the  point to the inclined surface is . We can calculate  of  by . Using , we can determine . Subsequently,  we can gain the B-A curve from B-A* curve by determined .  

The B-A curve in  can be fitted as：  

		(S11)


In , the droplet curved surface is formed by rotating the B-A curve around the  axis and can be expressed as：

		(S12)








Translate the originof  to the point  and rotate thecounterclockwise by to obtain.Then, convert the rectangular coordinate system to the spherical coordinate system.The total transformation formulae for coordinate conversion are as follows:

		(S13)

By substituting the conversion formula (S12) and  into formula (S11), we get:

		(S14)
The droplet volume on inclined planes can be calculated as:

		(S15)
Its differential expression :	

		(S16)








By selecting the certain M and N, we obtain the certain . With the given ,  and , the equation (S14) is related to unknown variant . Using the MATLAB internal function to solve the equation (S14), we can get the value of . Subsequently,  we substituteinto the difference expression (S16) to obtain the droplet volume .


The flow chart of “ and calculations” for the above algorithms is shown in Figure S4 .
[image: 流程图1]	


Figure S4 The flow chart of  “ and calculations”  










S3.2 The determination of the moving droplet shape  with the given  










we can set up a  loop in the software to search out to make sure . When  is determined，we can get  using the method in S3.1. Subsequently, fitting  we can get the curved surface . The moving droplet body  is formed by  and the plane .

The flow chart “ determination” for the above algorithms is shown in Figure S5.
[image: 流程图2]

Figure S5 The flow chart of “ determination”.

















S4: Calculations of , ,  , , ,  ,  and  when  is fixed.





Spherical coordinates of the points on the droplet profile surface are . We can calculate out , ,  and  in the spherical coordinate system as follows.  

		(S17)


Cartesian coordinates of the points on the droplet profile surface are .  can be transfered by spherical coordinates as follows. 

		(S18)




We can calculate out , ,  and  in the Cartesian coordinate system using the following methods.













Calculations of  and in X direction windward: Firstly, search in all and find out .corresponds toin. Secondly, find out all points  and take outas the boundary of X direction windward. Thirdly, according to the boundary, we calculate out and , , and calculate out .













Calculations of  and  in Z direction windward: Firstly, search in all and find out .cooresponds to in. Secondly, find out all pointsand take out  as the boundary of Z direction windward. Thirdly, according to the boundary, we calculate out  and, , and calculate out .
























S5: The flow chart of “The judgement of 'pinned' or 'rolls' mode”
The flow chart of “The judgement of 'pinned' or 'rolls' mode” is shown in Figure S6. 
[image: 计算流程图]
Figure S6. The flow chart of “The judgement of 'pinned' or 'rolls' mode”.
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