
 

VISION BASED ROBOT CONTROL FOR GRASPING SPACE  

APPLICATIONS USING GECKO MATERIAL 

C. de Alba-Padilla
 (1)

, C. Trentlage
 (1)

, E. Stoll
 (1)

 
 

(1) 
Institute of Space Systems, Technische Universität Braunschweig, Hermann-Blenk-Str. 23, 38108 Braunschweig, 

Germany. Email:{ c.de-alba-padilla; c.trentlage; e.stoll} @tu-braunschweig.de 

 

 

 

ABSTRACT 

The increment of space debris in low Earth orbits is an 

increasing problem. One of the possibilities to reduce 

this amount is the active removal of objects from orbit. 

One of the challenges in this process is object capture. 

Usually, no interfaces for grasping are foreseen, which 

makes active debris removal a significant challenge. 

The so-called gecko material allows for docking to an 

object without specific adapters and nearly 

independently of the surface material. This work 

presents a testbed for experiments and the use of this 

material in combination with a vision based controlled 

robot arm.  

 

1. INTRODUCTION  

The evolution of the use of Earth’s orbits leaves an 

increasing quantity of man-made defunct devices - so 

called space debris - especially in Low Earth Orbit 

(LEO). This problem has attracted the attention of 

several associations and research institutions 

[1],[2],[3],[3]. Solutions, such as active debris removal 

(ADR) have been identified, that propose to either 

actively re-enter debris objects [4], otherwise to perform 

on orbit servicing (OOS), which intends to repair 

spacecraft [5],[6].  

 

Both ADR and OOS involve many tasks such as 

locating the object, tracking it, capturing it, and 

servicing it [7],[8]. A precondition for capturing the 

object is the knowledge of its relative position to the 

servicer spacecraft, in order to approach it and then to 

grasp it (e.g. by a manipulator).  

 

Using robots in space is advantageous because of their 

flexibility to achieve manipulation tasks [5]. Popular 

examples are the CANADARM2 [9] and the European 

Robotic Arm (ERA, [10]), amongst others. There are 

also expected projects to apply for the debris operation, 

like the proposed by E.DEORBIT mission [11]. The 

manipulators are usually configured to fulfil the tasks 

with a single tool or a set of them [12],[13]. This makes 

the end effectors well suited for a limited set of 

problems, but it lacks flexibility. Moreover the 

flexibility could be improved with the use of actuators 

provided with adhesives, like the bioinspired gecko 

material, in order to hold or grasp unknown objects in 

space  

 

In contrast to other options of capturing debris, such as 

harpoons or nets [14], the so-called gecko material 

allows a stable connection to debris. It might further be 

an alternative that minimises the possible generation of 

more debris in interaction with non-cooperative objects 

[15]. 

 

The work presented here shows a testbed using a robot 

arm that was modified with the so-called gecko 

material. A vision based control of the robotic arm was 

applied, in order to find objects and to grasp them with 

the help of a gecko material based end effector in an 

autonomous environment.  

 

2. FRAMEWORK  

This section depicts the elements employed for the 

experiment, which comprise the robotic arm 

specifications, the kinematics models, the gecko 

material based end effector, and the visual system and 

its theoretical basis. 

 

2.1. Kinematics and Control  

 

The robot employed in this work had the joint 

distributions depicted in Figure 1. The schematic could 

be seen that three of the joints are parallel to each other 

and fixed in one plane, thus the model could be 

simplified, solving the orientation’s problem for 3 

degrees of freedom (DOF). The rest of joints were fixed 

to not affect the mathematical formulations or the 

movement. 

 

A kinematics control approach is used. For a 

distribution of axes on a robot, the position and 

orientation of the robot´s end-effector can be described 

through the Forward Kinematics (FK). Eq. (1) describes 

a vector of joint positions q for finding the Cartesian 

positions X. In this sense, there exists a set of joint 

positions q for a desired Cartesian position X. 



 

 
Figure 1. Schematic of the robot configuration. 

 

This is the Inverse Kinematics (IK) problem that has 

been approached in various ways. One is through the 

pseudoinverse of the Jacobian matrix 

[16],[17],[18],[19], which is shown in Eq.(2), as 

presented in [20].  
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where 
nX  is the Cartesian coordinates vector, 

nq  the joint positions vector, 
nX  and 

nq  are respectively the Cartesian and joint 

velocities, 
nn x †

e J  is the pseudo-inverse of the 

Jacobian matrix. For the calculation of X  each 

velocity
kx on the Cartesian coordinates is (e.g. ) as in 

Eq. (3). 
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where dx  are the desired position and kx the end-

effector position,  is a factor of deceleration, N refers 

to the maximum number of iterations to compute the 

algorithm, and t  is the period (T) over the number of 

iterations (N). Finally, the joint velocities in q are 

integrated to get the positions with an Euler method of 

Integration. These IK calculations are done offline.  

 

The control is focused on the minimization of the joint 

position error. The employed scheme is a controller PID 

like, as seen in Eq. (4). The control outputs are 

proportional and integral to the error; the damping 

parameter is a feedback of velocity. Thus, the error is 

given in Eq.(5), it is defined as the difference between 

joint positions kq  and the desired joint positions 
krq  

(also called reference positions and were calculated with 

the IK). 

 

 

 This could allow changing the controller in the future to 

test other schemes, which are not necessarily able to 

give a solution for the problem of finding particular 

positions, but rather for other specific considerations, 

like dynamic control.  
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where dIp ,k,kk  are the control gains respectively. A 

decoupled model [21][22] is implemented to describe 

the joints q1 to q3. Thus, Eq. (6) represents particular FK 

and Eq. (7) is the Jacobian derived from Eq. (6), which 

will be inverted.  
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where the c refers to the cosine, s to sine and the sub-

index to the joint to be evaluated (e.g. s12 = sin(q1+q2); 

l1, l2 and l3 are constants, representing the length of the 

links. The first l1 = 0.560m, the second l2 = 0.5850m and 

the third l3= 0.2145m.  

 

2.2. Gecko material  

The so-called gecko material is a biologically inspired 

adhesive material. This has a hierarchy feature of 

thousands of tiny micro and nanostructures that get in 

contact with the target surface and allow adhesive forces 

high enough to stick to the target object. These 

structures have diverse shapes. Two representations of 

possible shapes are depicted in Figure 2. The interaction 

is given by the van der Waals forces [23],[24],[25]. This 

functionality remains even in polished surfaces. 

Moreover, the use of this adhesives is not affected by 

external conditions as radiation, vacuum, temperature, 

etc. [26],[27]. It does not require a specific orientation 

and it can be removed from the surface without leaving 

residues. Since it is based on van der Waals interaction, 

it can be unstuck and stuck again repeatedly [28]. These 

characteristics could provide robustness in space 

applications, that is, the use of this material can ensure 

the grasping in many scenarios, even when the shape or 

the size of the target object do not permit to have force 

closure [29]. A gripper based on these adhesives 

mounted to a robotic arm can be used in several 

grasping experiments.  



 

 
Figure 2. Two representations of shapes of  

structures of the so-called gecko materials. 

 

2.3. Gripper  

The mechanism that has been mounted to the robotic 

arm is composed of two adaptive tips that conform to 

the target object; they are inspired by fish tails. When a 

load is applied to fish tails, they deform against the 

direction of force. This concept has been included in 

several patents [30],[31] and research projects [32],[33]. 

Such a gripper consists of a wedge-shaped profile with 

cross braces in between. Through the deformation 

against an impacting force, the tips conform to a target 

object and thus allow a form closure. 

To also allow grasping targets that are too large for a 

form closure, the grippers are equipped with so-called 

gecko adhesives on the inside. Those materials adhere 

to a variety of materials through van der Waals forces. 

Figure 3 shows a CAD rendering of the mechanism. The 

two tips are shown in orange color. They are opened 

and closed by a rotation around their fix point, induced 

by a linear drive unit consisting of a threaded rod and 

slide, powered by a stepper motor. By knowing the 

rod’s parameters as well as the motor’s, an open loop 

control is implemented that allows commanding the 

desired opening angle between the grippers [34]. 

 

 
Figure 3. CAD rendering of the end effector [34]. 

 

2.4. Vision systems  

The visual information provides the position of the 

target object that will be grasped. The desired position 

dx  from Eq. (3) is obtained through processing the 

camera information. Therefore, a dedicated application 

was programed (Fig. 6) using Visual basic and the 

libraries OpenCV and Emgu. These libraries are 

compilations of filters, transforms and diverse image 

operations, which simplify the programing task. Figure 

4 shows the window of this application during 

operations. 

 

 

 
Figure 4. Window and view of the application  

designed to detect the robot position. 

 

2.5. Image processing 

The extraction of information of an image to estimate a 

position requires a process in order to prepare the 

image. Since the objects to be manipulated have a 

specific colour in the experiments, the acquired image is 

first segmented by colour [35]. This process is based on 

the intensity of the colour and thresholding of the 

image. The applied colour parameterization is 

established on the Hue, Saturation and Value (HSV) 

colour space (Figure 5). 

 

 
Figure 5. Hue, Saturation and  

Value colour parameters. 

 

The threshold of the image is then filtered with a 

Gaussian filter to smooth it. That way the noise can be 

reduced [36]. Eq. (8) describes this operation  
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where μ is the mean and σ the variance of the pixels’ 

intensity, x is the horizontal and y the vertical position  

the image coordinates. The extraction of information 

from the image is strongly dependent on the camera 

resolution, the environment light conditions, or even the 

threshold effect. Those effects can cause the loss of 

pixel information, which might lead to an unsuccessful 

description of the image. For recovering this loss of 

information, morphological operations are applied, for 

example, the dilatation and erosion (as represented in 

Figure 6).  

 



 

 
Figure 6. Application of morphological operations:  

dilate and erosion. 

 

Subsequently, finding edges leads to obtaining object 

contours. The Canny algorithm [37],[38] is applied to 

get these edges; it is based on the calculation of the 

derivatives between pixels in the horizontal and vertical 

directions. Afterwards, the object is identified by using 

the Hough transform [39]. This detects the shapes by 

finding two points of a line and relating them with a 

radius from the origin (Eq.(9)), then discriminates 

between an ellipse or a straight line by applying the 

equation, in this case, of the circle [40].  
 

  sincos  yxr   (9) 
 

Once ensured that the shape of the object fulfils the 

condition for circles, the position is obtained from the 

previous step. The radius r and the angle   from the 

origin (Eq. (9)) give the position of the circle (object) in 

the image.  

 

3. EXPERIMENTS  

3.1. The hardware 

The robot arm employed in this work was designed at 

the Technische Universität München (Figure 7). It was 

fully constructed out of aluminium, implemented 

actuators are stepper motors, and the 3-channel optical 

encoders are from Nanotech Electronic®. The motors 

are controlled by two boards with embedded drivers of 

Trinamic Motion Control®. These drivers provide 

bidirectional communications to control motors and to 

read the encoders through USB. A new set of libraries 

were compiled for data exchange and to command the 

robot, since Trinamic Motion Control® has no support 

for applications in Matlab®.  

 

 
Figure 7. Robot arm with gripper as end-effector 

provided with gecko material. 

 

 

 

Two different sized objects were used in the 

experiments. The algorithm to detect them was 

calibrated to find blue circles with diameters between 

45mm and 500mm, which is the diameter of the small 

and the big objects depicted in Figure 8. The detection 

was developed using a webcam Creative VF0770. 

 

 
Figure 8. The round green circle shows the detection of 

two objects with different size. 

 

3.2. Results 

This section shows the results of the experiments. The 

gains and tuning parameters were set for the integration 

method α = 10, λ = 0.2, N = 1000 and T = 10; for the 

controller gains, the following parameters were used:  

kp = 1.9, ki = 0.001, kd = 0.04. The size of the object 

detected is 45mm. The results on IK calculations are 

obtained for three degrees of freedom (DOF) of the 

robot, using it as a planar robot. Figure 9 shows the 

Cartesian trajectory followed by the virtual robot with 

measured position of x = 0.3338 m, y = 0.3290 m and 

the desired orientation is 0 rad. The N axis represents 

the number of required iterations. In Figure 10, the error 

of achieving the task is shown. To reach an error of 10
-3

 

meters, 33 iterations were required. 

 

The output of the robot joints angle calculation is shown 

in Figure 11. These angles are input for the PID 

controller, which actuates the robot. The convergence of 

the robot to the input angles is illustrated in Figure 12. 

The abscissa axis represents time in milliseconds.  

 

 
Figure 9. Cartesian position and orientation.  



 

 

 
Figure 10. Error Cartesian space. 

 

 

 
Figure 11. Evolution of the angles during the iterations 

to reach the desire Cartesian position. 
 

 

 
Figure 12. Achievement of angles from Offline 

calculation. 

 

The error of joint angles is shown in Figure 13. It shows 

the value of maximum remaining error is 5x10
-3 

rad. 

The control input exerted into the system is shown in 

Figure 14 with a highest peak of 2.5 Nm. 

 

Finally, Figure 15 shows a virtual representation of the 

robot in the Cartesian positions. This animation has 

been executed parallel to the real robot experiments. For 

this experiment, the animation helped to visualize the 

relation between the information processed in the 

computer and the movement, executed by the real robot. 

 

 
Figure 13. Error of achievement in joint positions. 

 

 
Figure 14. Control input exerted to the system. 

 

 
Figure 15. Top View of a virtual robot analogue to the 

real robot. 

 

4. CONCLUSION AND FUTURE WORK 

In this work, the potential of a custom-made robotic 

arm, in connection with COTS and engineering model 

hardware, was investigated.  

 

With the hardware described in 3.1, tests were 

performed in which the robotic arm should grasp colour 

coded targets. In several trials, the accuracy of end 

effector placement was found to be between one and 

two centimetres. 

 

In 60 trials, the gecko material allowed to grasp the 

object hundred percent of times, even when the position 

was only partially reached due to limited accuracy. The 

conforming tips of the gripper helped in the 

achievement of grasping, as it allowed the gecko 



 

material to establish contact. Additionally, as inspection 

results, was observed that the first third of the tip of the 

gripper could exert more firm grasping than with the 

whole tip. 

 

It was found that image processing was a feasible option 

to supply the robot control with information. Even when 

OpenCv and Emgu are very well developed libraries, 

sometimes the description of the objects is different or 

completely lost depending on the change of illumination 

source. It is well known that these tasks are difficult 

sometimes even for expert system (like humans). 

 

In future work, it is expected to develop other shapes to 

recognise and to be able to track and pick an object 

from a group with similar characteristic (i.e. rounds, 

squares, triangles with similar colours).  

 

It is planned to change from fixe step Euler integration 

to more sophisticated integrators, potentially by using 

Simulink®. This would not only allow an easy change 

between integrators, but also to have a better control of 

the serial bus, gaining stability and better performance.  

 

The possibility of end effector recognition would allow 

integrating a new control variable, i.e. the relative 

position of end effector and the target. As a future 

implementation, it is expected to use this system on an 

air bearing table, using a different controller that is more 

focused on dynamic control rather than the currently 

implemented PID. 
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