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Abstract 
 

This paper discusses a robust rotate and move (RAM) controller by considering a water striding robot (WSR) with two wheels. The pro-

posed controller commands the WSR to rotate and move straight toward the desired target by considering the two wheel WSR character-

istics. Sliding mode control (SMC) is one of the solutions in nonlinear controller design and it has fast response and robustness. SMC is 

applied to the WSR RAM control. However, the sliding mode has a problem called chattering because of using sign function in control-

ler design and this will cause the system unstable in WSR control because the chattering make the WSR sink into water easily. As a solu-

tion, sign function is replaced by saturation function. The proposed controller is noble and track the target point easily and also has ro-

bustness. The stability of the proposed controller is proved by Lyapunov function and the simulation results show the fast response and 

robustness. 
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1. Introduction 

Researchers have recently focused on the surface-tension-driven 

locomotion of water-walking arthropods such as water striders and 

fisher spiders [1-8]. Various kinds of miniature robots, which are 

able to move on water, have been developed. Hu et al. identified 

the mechanism of the momentum transfer that was responsible for 

water strider locomotion and proposed a mechanical water strider 

driven by elastic thread [2]. Gao and Jiang [3] showed that the 

legs of water striders are covered with thousands of tiny hairs that 

have fine nanoscale grooves. These hierarchical micro- and 

nanostrucutres create super-hydrophobic surfaces. Suhr et al. de-

veloped a water strider robot that was driven in one of its resonant 

modes using unimorph piezoelectric actuators [4]. Song et al. 

analyzed the statics of the supporting leg and developed a non-

tethered water strider robot using two miniature DC motors and a 

lithium-polymer battery [6,8]. 

To make water strider robot (WSR) slide on the water surface, the 

robot’s dynamics modeling and control algorithms are discussed 

[9] and simple rotate and move (RAM) control method can be 

applied because the buoyance of the WSR is well affected by the 

system dynamics variation and also the variation makes WSR 

unstable and sinking into the water. So, the nonlinear control algo-

rithm is required to obtain fast response and other good perfor-

mance. 

By the way, siliding mode control (SMC) is one of the nonlinear 

control solutions and has fast response and robustness [9-16]. Its 

robustness comes from the sign function, which is included in the 

controller. But it also causes so-called a chattering problem which 

makes the system unstable. So, the saturation function is used 

conventionally instead of sign function and in WSR control, the 

saturation function is more effective in stability and simple to 

apply. 

In this paper, a SMC is developed and applied to the WSR includ-

ing hydrophobic supporting legs with microstructured surfaces by 

using micro electromechanical systems (MEMS) techniques. Fur-

thermore water strider insects have attracted many researchers’ 

attention with their power efficient and agile water surface loco-

motion. So the WSR with twelve microfabricated legs driven by a 

vibration motor is simulated and the target tracking is performed 

successfully. The stability is proved by the Lyapunov function and 

the MATLAB/SIMULINK simulation shows the good perfor-

mance. 

 

2. Model and Ram Control 

 
Model 

For implementing RAM control, the cylindrical coordinate system 

is better than the rectangular coordinate system [9], because phys-

ical values for RAM (rotate and move) can be directly measured 

in the cylindrical coordinate system. 

In the cylindrical coordinate system, the dynamics is formulated as 

Eq. 1. 
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RAM Control 

RAM control makes the WSR rotate and move, so the cylindrical 

coordinate system model of Eq. 2 is more convenient to apply than 

the rectangular coordinate system model. 

Rotation) The WSR rotation can be classified into two cases by 

the angle absolute magnitude. One is the rotation of angle under 
  and the other is the rotation of angle over  . 

- Under   ( e  ), the rotation force is applied just to be 

proportional to the angle error e . 

- Over   ( e  ), the force is applied to the following angle 

error of Eq. 4 for fast rotating. 

( ) 2e e dsqn    = −  − +                                         (4) 

Movement) The WSR movement is simple action to go straight 

toward the target point because the direction is exactly toward the 

target point by the rotation. So, the controller performance is 

enough to go straight only. 

3. Sliding Mode Control 

For SMC, there is sliding mode and reaching mode. In reaching 

mode, the state variable goes to the sliding surface from the initial 

condition at first and then on the sliding surface, the state goes to 

the origin and this is so called sliding mode [16]. So, in the sliding 

mode, the sliding surface should have a negative slope for the state 

to converge to the origin and in the reaching mode, the derivative 

of the sliding function should have the negative value to move 

toward to the sliding surface. 

As mentioned in the previous chapter, model and RAM Control, 

the controllers for rotation and movement can be designed inde-

pendently. So, for RAM control, the rotation controller is pro-

posed first and the movement control is explained later. 

 

Rotation) For rotation control, the angel error is Eq. 5 

e d  = −
  

                                                      (5) 

where d  is the desired angle. And for sliding control, we define 

the angle sliding function as Eq. 6 with the positive  . 

e es   = +
                                                    

    (6) 

To make the state goes to the sliding surface, the angle sliding 

mode controller is proposed as Eq. 7. 

( )
1

sgneu Q s
K
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

  = − +                                       (7) 

where Q  is positive. 

 

Theorem 1: For the dynamics of Eq. 2, the proposed controller of 

Eq. 7 with the sliding function of Eq. 6 satisfies the sliding condi-

tion 0V  . 

Proof) 

 Let the Lyapunov function 
21

2
V s =  and by differentiating 

V s s  =
                                                    

    (8) 

and Eq. 9 can be acquired by differentiating the sliding function of 

Eq. 6 
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Eq. 9 with Eq. 2 and Eq. 7 becomes 
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Therefore, by using Eq. 10, Eq. 8 results in 
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Q.E.D 

Movement) For movement control, the distance error is Eq. 12. 

e dr r r= −
  

                                                    (12) 

where dr  is the desired distance and for movement sliding mode 

control, the sliding function is defined as Eq. 13. 

r e r es r r= +
                                                  

    (13) 

where r  is positive and the movement control input is proposed 

as Eq. 14. 

( )
1
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Where rQ  is positive. 

 

Theorem 2: For the dynamics of Eq. 2, the proposed controller of 

Eq. 14 with the sliding function of Eq. 13 satisfies the sliding con-

dition 0rV  . 

Proof) 

Let the Lyapunov function 
21

2
r rV s=  and by differentiating 

r r rV s s=
                                                  

    (15) 

and Eq. 16 results from differentiating the sliding function of Eq. 

13. 

r rs r r= +
  

                                                    (16) 

Eq. 16 with Eq. 2 and of Eq. 14 becomes 

( )

( )

sgn

sgn

r r r r r

r r

s r Q s r

Q s

 = − − +

= −
                                        (17) 

Therefore, by using Eq. 17, Eq. 15 results in 
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4. Simulation 

For WSR simulation, the model is Eq. 2 and the dc motor is used 

in [16]. For the model and the control force, the used all parameter 

values are as following: 

m : 5.03g, W : 0.025m, Rm : 0.3g,  a=0.25, h : 0.015m, 

2
uw


 = rad, 

2

6

mW
I =  

and the computed force is 
10 21.4921 10F n−=   

where n  is motor speed [r/min]. 

For the simulation of the proposed RAM SMC, the WSR model 

and RAM SMC are implemented by using MATLAB/SIMULINK 

and the target point is assumed as (-5,-5). The used SIMULINK 

block for RAM SMC is shown in Fig. 1 and Fig. 1(a) is rotation 

SMC, Fig. 1(b) is movement SMC. As shown in Fig. 1, the same 

structure is applied, but the used parameters are properly selected 

as follows 

5 = , 10thQ = , 1r = , 0.1rQ =  

and the saturation function is applied in the simulation with the 

boundary layer. 

 
(a) Rotation SMC 

 
(b) Movement SMC 

Fig. 1: Block diagram of RAM SMC in SIMULINK 

 
For verifying the RAM steps in the control process, the angle and 

the x, y positions are measured and displayed in the Fig. 2 to Fig. 

4. In Fig. 2, at first, the angle tracking is started and after arriving 

target angle at about 2 s, the angle SMC controller is switched 

OFF and the moving SMC controller makes the WSR go toward 

the target point in Fig. 3 and Fig. 4. 

 
Fig. 2: Rotation 

As shown in Fig. 2, the rotation is negative direction and the rota-

tion value is 135˚. This is the fast rotate direction in the given 

example. If the rotation is in the positive direction, it also can 

track the desired angle, but the response will be slower than this 

example because the rotation value will be 225˚, which is larger 

than 135˚. 
After finishing angle control, the moving control starts and two 

driving legs only works for the moving action because the WSR 

direction is now toward the target point. In Fig. 3 and Fig. 4, as we 

assumed that the target point x and y have the same values, the 

changing positions of x and y are almost same and after arriving 

target point, the moving control is also switched OFF at 5.3 s. 

 
Fig. 3: Moving – x position 

 
Fig. 4: Moving – y position 

5. Conclusion 

In this paper, we propose a robust method for controlling the 

movement of a WSR and considering the characteristics of the 

model. In the proposed method, RAM control is used in consid-

eration of the characteristics of the two - wheel drive system [9]. 

And furthermore, for the robustness and fast response, RAM SMC 

is proposed. Especially, RAM method is good to apply SMC for 

WSR control because rotation and movement are time-

independent in RAM control. So each SMC can be designed inde-

pendently and the controllers are simple and the same type. The 

MATLAB/SIMULINK simulation is accomplished and the results 

show that RAM control works well and the robustness around the 

sliding surface also keeps well. The state also response shows fast 

and good tracking. The stability of the proposed controllers is 

proved by the Lyapunov function and we will test under the vari-

ous disturbances such as ripple, wind, etc. in the future research. 
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