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ABSTRACT 

This paper presents the free-floating validation of the 

LARIS (Launch Adapter Ring Interface System) robotic 

gripper, a 5-degree-of-freedom (DOF) underactuated 

end-effector designed for satellite capture. The 

mechanism enables object attraction, shape adaptation, 

and secure clamping through a two-stage grasping 

sequence: soft capture and hard capture. Integrated 

telemetry and photodiode curtain layers support 

grasping detection, monitoring, and verification. Two 

test campaigns were conducted using an air-bearing 

platform, simulating satellite servicing operations in a 

free-floating environment. Tests focused on a variety of 

grasping conditions, including misalignments, residual 

velocities, and interactions with satellites covered in 

Multi-Layer Insulation (MLI). LARIS demonstrated 

reliable performance in all tested configurations, 

validating the concept’s robustness, algorithm 

efficiency, and operational readiness. Improvements 

made between the campaigns enhanced performance, 

and the gripper successfully captured satellites in all 

tested scenarios. 

 

1 INTRODUCTION 

Nowadays, the space servicing market is rapidly 

growing and evolving. One of the key enabling 

technologies for this market is satellite capture. PIAP 

Space offers various building blocks for this purpose, 

including an end-effector called LARIS.  

 

The design enables the generation of clamping forces in 

both horizontal and vertical directions, facilitating 

object attraction, shape adaptation, and secure holding. 

The grasping sequence is divided into soft and hard 

capture phases, detectable via LARIS’s telemetry 

containing states of photodiode curtain layers and other 

sensors integrated within the gripper. 

 

For comprehensive validation, two free-floating test 

campaigns were conducted on an air-bearing table. 

The setup consisted of two platforms: the servicer, 

equipped with LARIS, a Force Torque Sensor (FTS, 

also a product developed by PIAP Space), and thrusters 

for active manoeuvring; as well as a target satellite with 

a Launch Adapter Ring (LAR) section. Additional tests 

used a hard-mounted target satellite—simulating mass 

imbalance cases—featuring a Standard Grasping Fixture 

(SGF by PIAP Space) designed for LARIS as a 

universal interface (Fig. 1). 

All tests were performed without a robotic arm, 

representing a conservative validation scenario 

resembling direct docking. A third test campaign is 

planned and results from the first two already conducted 

tests demonstrated progressive improvements, as 

lessons learned were integrated between iterations. 

This study concentrates on the following key aspects: 

- Various platform misalignments and residual 

velocities, 

- Grasping of SGFs and LARs of varying types. 

Figure 1. General view of free-floating test setup, LAR section, LARIS and FTS visible near the middle 
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- Evaluation of multiple grasping and opening 

algorithms. 

- Grasping dynamics with/without MLI, and 

interaction with MLI studs; 

- LARIS performance with integrated MLI-

cutting blades. 

The focus is on the LARIS gripper’s performance, not 

the testbed itself. The paper highlights grasping 

envelope validation, platform dynamics, force and 

moment analysis, telemetry review, contact model 

correlation, and improvements observed between 

campaigns. The results confirm the effectiveness of 

LARIS for autonomous satellite capture under realistic 

conditions.  

 

 
Figure 2. Engineering Model (EM) of PIAP Space’s 

LARIS, attached to servicer platform  

2 OUTLINE OF GRIPPER’S REQUIREMENTS 

The outline of the requirements tested during free 

floating tests of LARIS is shown below: 

- Compatibility with multiple types of Launch 

Adapter Rings ; 

- Adaptability to large misalignments of grasped 

feature (grasping envelope: at least +/-20 mm, +/-

5°, all axes simultaneously); 

- Presence of distinct soft and hard capture stages; 

- Ability to capture LARs equipped with MLI ; 

- Ability to deal with relative velocities of the target 

w.r.t LARIS in range (translational: +/- 5 mm/s, 

rotational: +/- 1°/s).  

The “grasping volume” is simply a physical volume, 

limited by the contact elements of LARIS. On the other 

hand, the “grasping envelope” is defined as a 6-

dimensional space of all possible combinations of linear 

and angular misalignments of so-called target reference 

coordinate system (associated with an object being 

grasped e.g. LAR) for which a successful capture shall 

be achieved (the difference is additionally shown in Fig. 

3). Apart from the grasping envelope, another necessary 

condition is that the relative velocities between target 

and LARIS remain within allowable range. So far 

LARIS has been determined to be compatible with at 

least the following LAR types recognizable from 

launcher manuals: PAS 1666 S; PAS  

1666 MVS; PAS 1194 VS, as well as LAR of Sentinel 

3, PIAPS Standard Grasping Fixture (SGF) and several 

other project-specific, confidential LAR variations. 

 

 
Figure 3. Illustration of the concepts of grasping 

volume and grasping envelope 

3 GRIPPER DESIGN DESCRIPTION 

LARIS due to its architecture has an ability of applying 

clamping forces in both horizontal and vertical 

directions. This allows the system to attract, adapt to, 

and securely grasp target objects with varying shapes 

and surface conditions. A more detailed design 

overview can be found in the previous ESMATS article 

[1] 

3.1 Gripper Telemetry 

LARIS gripper is equipped with an integrated EEE 

controller that, among other functions, enables 

acquisition of data from various sensors and 

transmission of that collected data to the wider system 

as a telemetry. This includes: motor current and voltage, 

position of moving parts, states of end switches 

indication contact on fingers and state of light barrier 

detecting the presence of an object to be grasped. 



 

As the gripper closes around the target, contact with the 

object is detected through a four-layer optical curtain. 

The initial "soft capture" state is recognized when all 

fingers are in contact with the target and escape is no 

longer possible. Subsequently, a vertical translation of 

the fingers draws the object inward for "hard capture" 

and rigidization. 

 

3.2 Closing Stages 

As the gripper is 5 DOF and underactuated, its closing 

sequence may be divided into four main stages. Each 

stage is presented in Fig. 4. 

1. Initial Stage: after the command of closing – the 

fingers with carts starts to approach the target,  

2. Soft Capture Stage: all four fingers are in contact 

with target. During that stage target escape is no longer 

possible. However, target is held with limited strength, 

depending on springs. After reaching a soft capture, 

fingers begin to translate downwards along the LAR, 

3. Alignment Stage: Target starts to come in contact 

with the gripper’s bumper, 

4. Hard Capture Stage: All four tips of fingers are fully 

pushed into captured LAR. After that stage the 

maximum strength of grip is achieved, 

 

4 TEST DESCRIPTION  

Free-floating tests are essential for evaluating the 

gripper’s response during satellite capture, particularly 

concerning contact dynamics, force interactions, and 

system stability under microgravity conditions. To 

validate the performance of LARIS in an environment 

representative of weightlessness, experimental 

campaigns were conducted using a planar air bearing 

microgravity simulator. This testbed offers motion in 

three degrees of freedom, including two translational 

movements within a plane and one rotational movement 

around the vertical axis, thereby enabling a realistic 

simulation of free-floating behaviour within a controlled 

laboratory setting. 

For the purpose of free-floating tests, PIAP Space 

utilized a facility equipped with a large 2x3 m granite 

table and two platforms that can levitate above the 

surface using air bearings. The platforms are fully self-

contained, meaning they do not require any external 

harnesses or air supply lines for operation. Therefore, 

they are well-suited for simulating unconstrained 

motion in a planar environment. The facility used for 

these tests belongs to the Space Research Centre of the 

Polish Academy of Sciences (Centrum Badań 

Kosmicznych Polskiej Akademii Nauk, CBK PAN). 

 

 
Figure 5. LARIS mounted of free floating platform 

During the tests, LARIS was integrated with a free-

floating platform, as illustrated in Fig. 1 and Fig. 5. 

 

The angular orientation of LARIS was selected to allow 

free-floating rotation around the Y-axis. This choice 

was motivated by the observation that most LARs have 
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Figure 4. Closing Stages 



 

their smallest dimension along the X-axis; thus, rotation 

about the Y-axis constitutes the most critical case. As a 

result, the gripper exhibits the lowest stiffness with 

respect to rotational motion around the Y-axis. 

 

4.1 Test Method Limitations 

Main limitation of the test campaign was that all free-

floating experiments were conducted within a single 

plane, constrained by the design of the planar air-

bearing testbed. While this setup effectively simulated 

two translational degrees of freedom and one rotational 

axis, it did not allow for testing in the vertical plane. 

However, performing tests in an additional plane was 

deemed unnecessary, as it would not have provided 

meaningful new insights under the current experimental 

constraints. 

 

4.2 Test Telemetry  

During each test, a set of telemetry was collected, 

including LARIS own telemetry, position of two 

platforms via test facility’s vision system, forces and 

torques from FTS. To capture the precise position of 

Target with respect to LARIS the test setup is equipped 

with a vision system composed of 3 cameras. The 

accuracy of the system is estimated to be around ±1 mm 

and slightly varies across table’s area. To better observe 

the performance of the gripper an additional camera was 

placed on the servicer platform directly above LARIS. 

 

4.3 MLI Configuration 

In an effort to further assess LARIS performance, LAR 

was equipped with MLI. Two configurations of the MLI 

were tested during the first campaign – configurations A 

and C. Fig. 66 presents all three setups. The primary 

distinction between them lies in the proximity of the foil 

to the inner side of the LAR. In the second test 

campaign only configuration B was tested. 

 
Figure 6. Configuration of the MLI on LAR 

4.4 LAR Configuration 

In total, 3 types of objects-to-be-grasped were tested: 2 

types of LARs and PIAPS SGF. The tested LARs are 

project-specific and confidential so their detailed 

dimensions and geometry are not provided here. In the 

context of described test campaign it is however 

relevant that both types were significantly different 

from each other and presented the opportunity to 

validate gripper’s robustness to such differences. Tested 

LARs are hereafter referred to as LAR Type 1 and LAR 

Type 2.  

 

5 TESTED CASES 

Across the two test campaigns, seven types of test cases 

were evaluated, as follows: 

 

5.1 SGF  

For the purpose of simulating the capture of an object 

with a significantly greater mass than that of the 

Servicer Satellite, the SGF was securely fastened to a 

rigid frame mounted on the ground (Fig. 7) 

 

 
Figure 7. SGF and LARIS configuration 

The described configuration was tested a total of 75 

times, 38 of which were carried out under static 

conditions and 37 under dynamic, where LARIS was in 

motion at the moment of making the decision to grasp. 

All tested cases are showed on the Fig. 88 and Fig. 99 as 

“T”-shaped configurations. The graphs indicate the 

position and orientation of the target’s reference frame 

relative to LARIS. Each of the presented cases resulted 

in a successful capture. 

 

 
 

Figure 8. Initial position of SGF w.r.t LARIS at decision 

time, 38 cases with Initial Condition Static 

Fig. 9 additionally indicate the direction and magnitude 

of velocity vector.  



 

 
Figure 9. Initial position of SGF w.r.t LARIS at decision 

time, 37 in dynamics cases 

 
Figure 10. Example of static case SGF 

5.2 Configuration: LAR Type 1  

During the first test campaign a LAR Type 1 was tested, 

visible in Fig. 11. 121 cases in this configuration were 

performed.  

 

 
Figure 11. LARIS closed on LAR type 1 

 
Figure 12. Initial position of LAR Type 1 w.r.t LARIS at 

decision time, 11  

 
Figure 13. Initial position of LAR Type 1 w.r.t LARIS at 

decision time, 79 in dynamics cases 

 
Figure 14. Example of static case LAR Type 1 

 
Figure 15. Example of dynamics case LAR Type 1 

 

5.3 Configuration: LAR Type 1 with MLI  

For MLI variant A, the MLI on LAR did not affect the 

grasping envelope. Furthermore, no noticeable loss of 

stiffness was observed, based solely on visual inspection 

and tactile assessment. Fig. 16 shows thus configuration 

during tests. 

 

 
Figure 16. MLI in variant A on LAR Type 1 

 

In variant C capturing LAR was impossible. The 

presence of the MLI caused the gripper to rebound upon 

first contact each time. Even when LARIS was 

manually positioned in an optimal orientation, 

successful capture could not be achieved. The gripper 

fingers slid along the stretched MLI surface, pushing the 

Client Satellite away instead of securing it. Fig. 17 

presents the MLI configuration on LAR during tests. 

 



 

 
Figure 17. MLI in variant C on LAR Type 1 

5.4 Configuration: LAR Type 2 

During the second test campaign, a different type of 

LAR was utilized, characterised by a greater angle of 

inclination between its foot and head. Testing with this 

LAR was conducted under conditions where both 

platforms were free to move, operating in free-floating 

mode (visible in Fig. 18Figure 18.). 

 

 
Figure 18. LARIS during grasping of LAR type 2 

Overall, 101 number of cases for this scenario have 

been performed – with 78 being static and 22 dynamic. 

The following charts respectively present examples of a 

static and dynamic case results for the position of LAR 

relative to LARIS. 

 
Figure 19. static case number 318 

 

Figure 20. dynamic case number 335 

5.5 Configuration: LAR Type 2 with MLI Type B 

To further assess LARIS’s performance, the modified 

LAR was additionally equipped with MLI foil (shown 

in Fig. 18). As opposed to the previous test campaign, 

the MLI mockup was constructed using 50 µm titanium 

foil to better enact the behaviour of the MLI on the 

target satellite. Furthermore, MLI was mounted on the 

inner side of LAR using designated studs and secured 

with double-sided tape near the LAR profile. During 

this phase, testing emphasized the accuracy of the 

gripper in capturing LAR under the corresponding 

scenarios. Overall, 31 cases for this configuration were 

performed. 

During testing, the MLI occasionally tore, although in 

some cases the foil only stretched. This behaviour 

appeared to be primarily influenced by the tension 

applied to the MLI. To investigate this hypothesis, 

various configurations of double-sided tape were 

examined. When a greater amount of tape was used to 

reinforce the MLI, tearing occurred immediately. 

Conversely, in cases where no tape was applied, the 

MLI exhibited increased flexibility and did not tear as 

readily, likely due to the reduced tension. Despite these 

challenges, majority of test cases resulted in a 

successful capture of the LAR. 

 

 
Figure 21. LARIS during grasping of LAR Type 2 with 

MLI B 

Based on the graphs shown in Fig.22 and Fig. 23 , 

which present the positions of both platforms during a 

test case, it can be observed that the post-capture 

oscillations are significantly shorter and smaller in 

amplitude compared to the cases without MLI. 

 

 
Figure 22. static case 347 

 
Figure 23. dynamic case 369 

5.6 Configuration: LAR Type 2 with MLI in 

Type B and blades 

To examine how the sharpness of the gripper fingertips' 

edges would impact the capture process, scalpel blades 

were incorporated on Fingers that come into contact 



 

with the MLI (Fig.24). Different types of blades were 

considered for this test, but ultimately, those with a 

curved edge were selected. In every case performed, the 

MLI was immediately cut with the scalpel blades and 

did not significantly interfere with the capturing 

process. 

A total of thirteen cases with sharp fingertips were 

conducted, 

 

 
Figure 24. LARIS cutting through MLI 

 
Figure 25. static case number 422 

 
Figure 26. dynamic case number 427 

 

5.7 Closing algorithm  

One of the main conclusions from the first free-floating 

test campaign was that the platform's inertia 

significantly affects the gripping strength. The primary 

reason for this influence was the use of a very simple 

gripper closing algorithm. To address this limitation, 

eight new closing algorithms were developed for the 

second test campaign. Each algorithm was tested during 

the campaign, with the primary validation metric being 

the minimum distance achieved between the carts after 

reaching Hard Capture. Almost 180 cases were tested 

with different closing algorithm. Fig. 27 shows the 

initial position of these tests.  

 

Fig. 28 represents the minimum distance between carts 

obtained after Hard Capture. Each algorithm was tested 

with several cases. Fig. 28 shows the minimum distance 

between the grippers Carts w.r.t different closing 

algorithms. Blue columns indicate the number of cases 

performed, while red plus signs and green minus signs 

indicate the maximum and minimum of distances 

between carts, respectively. The blue cross represents 

the average. New algorithms were marked by numbers 

where the old baseline algorithm is marked by the letter 

“B”.  

 

 
Figure 27. Initial positions of all cases that validate the 

closing algorithm. 

 
Figure 28. Minimum Distance between Gripper Carts 

w.r.t. Different Closing Algorithm. 

6 KEY CONCLUSIONS 

6.1 Gripping Efficiency 

The tests confirmed that LARIS successfully captured 

the target satellite without any major issues. In test 

scenarios without MLI, the gripper demonstrated 100% 

effectiveness in capturing the target, provided the object 

was located within the defined Grasping Envelope. 

Furthermore, a significant number of tests conducted 

outside the nominal Grasping Envelope also resulted in 

successful.  

 

6.2 Closing Algorithm 

In significant number of cases, a gapping was observed 

after the completion of grasping motion. This was 

caused by the gripper momentarily reaching a motor 

current limiter and therefore stopping the motor before 

the LAR fully aligned to the bottom contact surface of 

LARIS. The presence of a gap between bumper and 

LAR reduces the grip stiffness, especially the angular 

one. 

The main root cause of such grip is the angular 

misalignment of LAR with respect to the gripper and 

the mass and inertia of platforms. This phenomenon was 

not observed in standard laboratory functional tests, 



 

under normal conditions. The angular misalignment 

generates a significant peak of force on the finger when 

the gripper tries to align LAR to gripper bumper. The 

peak force caused large power consumption. Therefore, 

the algorithm of closing stopped the motor because it 

reached a current limit. 

In the second campaign this behaviour was corrected by 

a better adjusted grasping algorithms. 

 

6.3 Oscillations After Hard Capture 

Significant oscillations of the setup were observed in the 

majority of test cases. The primary cause of these 

oscillations appears to be the angular misalignment 

between the end-effector and the target during the final 

phase of the approach. In particular, the hard capture 

motion tends to induce a rapid change in the target’s 

orientation at the end of the manoeuvre. As a result, 

considerable forces are exerted on both the capturing 

mechanism and the target structure. One potential 

method to mitigate this issue involves modifying the 

closing algorithm. Specifically, by increasing the time 

interval between the soft and hard capture phases, the 

system can allow for a more gradual correction of 

angular misalignment. Such approach was partially 

validated during the second test campaign. 

 

6.4 MLI Influence 

It has been observed that MLI can have a significant 

impact on the grasping envelope of a target object. 

Specifically, the presence of MLI may reduce the 

effective area available for a stable grasp, thereby 

affecting the overall feasibility of capture operations. 

Furthermore, the design and placement of MLI fasteners 

have been identified as potential sources of interference. 

This is particularly critical in cases where the gripper 

fingers may come into direct contact with these 

elements, increasing the risk of unintended mechanical 

interactions or compromised grasp stability. Therefore, 

the influence of MLI components must be carefully 

considered when determining suitable grasping 

locations. Neglecting these factors may result in 

incorrect estimation of the grasping envelope and pose 

operational risks. In light of these findings, a detailed 

analysis of the MLI layout and properties should be 

conducted during the mission planning phase. This 

assessment is essential for accurately defining the real 

grasping envelope and for mitigating risks associated 

with physical interaction between the gripper and the 

insulated surface. 

Additionally, the MLI plays a significant role in 

mitigating oscillations during capture, leading to 

improved stability and smoother engagement between 

the LAR and the target platform. See Fig. 29 and Fig. 30 

for the comparison showing much faster dampening of 

oscillations in the presence of MLI. 

 

 

 
Figure 29. Forces during capture of LAR without MLI 

 
Figure 30. Forces during capture of LAR with MLI 

7 LESSONS LEARNED AND WAY FORWARD 

The efforts related to the carried out free-floating test 

campaigns brought to life several lessons learned that 

might have general applicability in similar endeavours: 

- The testing campaign allowed us to better 

understand how the mechanisms operate in a 

weightless setting, which is not always evident from 

tests carried out in a standard laboratory. 

- The postprocessing process of data collected from 

the tests was particularly time consuming and a 

more efficient method should be developed, perhaps 

AI-based 

- Measurement and system errors have a significant 

impact on the collected data and thus the final result 

of tests 

There are several further steps planned for the LARIS 

development: 

- Further stiffness and functional tests for different 

LAR variants and configuration, including the 

presence of Multi-Layer Insulation (MLI) and 

different variants of LARIS contact surfaces, 

- Validation testing of LARIS under vibrational loads 

and thermal vacuum conditions. 

- Correlating the test results with simulations to 

enable testing of large assemblies 

- Delivery of Flight Model for post-EROSS IOD 

mission (2027). 
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