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Abstract

Robot simulation platforms are widely used for motion planning, control val-
idation, grasping-task prototyping, and digital-twin demonstration, but plat-
form comparisons are often based on qualitative descriptors. This paper pre-
sents an implementation benchmark of Gazebo and Unity using the same
xArm Lite6 six-degree-of-freedom robot and a six-stage pick-and-place task.
Gazebo uses ROS Noetic, Movelt!/OMPL, joint controllers, gazebo_ros_con-
trol, and gazebo_grasp_fix; Unity uses the URDF Importer, Articulation Body
joints, staged C# targets, and trigger-based parent-child attachment. The re-
vised evaluation reports auditable indicators rather than unsupported impres-
sions, and it explicitly separates completed implementation evidence from pro-
spective repeated-trial measurements. Both implementations completed all six
task stages (6/6). In the implemented prototypes, Gazebo scored 1 for online
planning and 1 for controller-chain execution, whereas Unity scored 0 for both
because its trajectory was scripted. Both scored 1 for deterministic attachment
dependence and 0 for physics-preserving grasp transport. The results there-
fore support Gazebo for planning/control-pipeline validation and Unity for
scene-level interactive reproduction, while neither implementation supports
direct claims about physical grasp robustness. The paper further analyzes Sim-
to-Real failure mechanisms, specifies a controlled Gazebo ablation, and docu-
ments implementation failure conditions.
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1. Introduction

Robotic simulation has become an important stage in the development of manipula-
tion systems. Compared with repeated physical testing, simulation can reduce hard-
ware cost and operational risk while supporting robot modeling, controller tuning,
motion planning, collision checking, and task-level validation [1]-[3]. With the in-
creasing use of digital twins in manufacturing and automation, simulation platforms
are also expected to provide not only functional robot execution, but also visual clar-

ity, interaction capability, and extensibility for virtual-physical integration [4] [5].

Gazebo and Unity represent two commonly used but technically different
routes for robot simulation. Gazebo is closely connected with the Robot Operating
System (ROS), URDF-based modeling, Movelt!, OMPL, and controller execution,
making it suitable for algorithm verification and planning-oriented robotics re-
search [6] [7]. Unity, in contrast, is widely used for real-time visualization and in-
teractive scene construction. With the Unity Robotics URDF Importer and Articu-
lation Body physics component, URDF robot models can be reconstructed in Unity
and controlled through scripts or external communication interfaces [8] [9].

The difference between these two platforms becomes especially visible in ro-
botic grasping tasks. A complete pick-and-place task involves not only joint mo-
tion, but also contact, friction, collision response, object stability, and task-state
management. In practice, simulation systems often use simplified grasping mech-
anisms to ensure stable task reproduction. Gazebo projects may use plugins such
as gazebo_grasp_fix to attach an object to the gripper after contact conditions are
satisfied [10]. Unity implementations may use detection volumes and parent-child
binding to make a target object follow the gripper during transportation. These
solutions are useful for reproducible simulation, but they are not equivalent to full
physical grasping.

This paper compares Gazebo and Unity by implementing the same xArm Lite6
pick-and-place task in both environments. The purpose is not to declare one plat-
form universally better, but to identify how each platform supports a different sim-
ulation objective. The main contributions are as follows:

e A dual-platform implementation of an xArm Lite6 grasping task using Gazebo
and Unity.

e An operationalized comparison using six-stage completion and binary indica-
tors for planning, controller execution, deterministic attachment, physics-pre-
serving transport, and scene-level interaction.

¢ A mechanism-level analysis of Sim-to-Real risks, implementation failure modes,

and a reproducible Gazebo physics-only versus plugin-assisted ablation protocol.

2. Related Work

Robot simulation involves multiple technical layers, including model description,
physical simulation, motion planning, controller execution, and result visualiza-
tion. ROS provides a common communication and software framework for robot

applications [1], while Gazebo offers a three-dimensional dynamic simulation en-
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vironment that has been widely used in robotics research [2]. Collins et al re-
viewed physics simulators for robotic applications and emphasized that different
simulators vary in physical modeling capability, computational performance, sup-
ported features, and ease of use [3].

For robotic manipulation, Movelt! is a commonly used motion-planning frame-
work that supports robot model configuration, collision checking, planning groups,
and trajectory execution [6]. It can call OMPL to generate sampling-based motion
plans in high-dimensional configuration spaces [7]. These tools make Gazebo
suitable for validating ROS-based robot control workflows.

Unity follows a different technical direction. The Unity Robotics URDF Im-
porter allows a URDF robot model to be imported into a Unity scene [8]. The
Articulation Body component uses reduced coordinates and is designed for artic-
ulated systems such as robot arms [9]. This makes Unity useful for visually clear
and interactive robot demonstrations, especially when digital-twin presentation is
a major goal.

Digital twin research further increases the need to understand platform suita-
bility. Kritzinger et al distinguish digital models, digital shadows, and digital
twins by the strength of data integration between physical and virtual entities [4].
Tao et al argue that digital twins require the integration of models, data, and ser-
vices in intelligent manufacturing [5]. For robotic arms, this means that a simula-
tion platform should be evaluated not only by whether a task can be displayed, but
also by how well it supports control integration, state synchronization, visual in-

teraction, and future physical validation.

3. Methodology
3.1. Robot Model and Task Definition

The experimental object is the xArm Lite6, a desktop-level six-degree-of-freedom
robotic arm. According to UFACTORY documentation, the Lite6 has a compact
mechanical structure, a maximum payload of 600 g, a maximum end-effector speed
of 500 mm/s, and a repeatability of £0.5 mm [11]. These characteristics make it suit-
able for small-scale manipulation and teaching-oriented simulation tasks.

To reduce model inconsistency, both platforms use the same source URDF/Xacro
description of the xArm Lite6. The benchmark task is a predefined pick-and-place
sequence rather than an open-ended grasping algorithm. This design keeps the
focus on platform implementation and simulation workflow. Table 1 summarizes
the task definition.

3.2. Benchmark Procedure and Evaluation Criteria

The benchmark is an implementation comparison rather than a claim that the
two physics engines are equivalent. To replace qualitative labels with auditable
measures, the common task is decomposed into six ordered stages: approach,
grasp, lift, transfer, lower, and release. Task-stage completion is C = n_com-

pleted/6. Five binary implementation indicators are also recorded: P = 1 when an
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Table 1. Definition of the xArm Lite6 grasping benchmark.

Item Description

Robot model xArm Lite6 six-degree-of-freedom robotic arm

Task type Pick-and-place grasping simulation

Initial state Home pose with target object placed in reachable workspace
Task sequence Approach, grasp, lift, transfer, lower, and release

Compared platforms ~ Gazebo and Unity

. Control workflow, motion behavior, grasping mechanism,
Comparison aspects . .
visual presentation, development workflow

online motion planner generates the executed trajectory; R = 1 when that trajec-
tory is executed through a robot-controller chain; A = 1 when successful transport
depends on an explicit attachment or parenting operation; F = 1 only when the
transported object remains governed by contact, friction, mass, and inertia with-
out kinematic attachment; and I = 1 when the implemented prototype provides
scene-level scripted interaction for reproduction and display. These indicators de-
scribe the submitted implementations, not every capability of Gazebo or Unity;
they also make clear which claims are supported by current evidence and which
require additional repeated-trial experiments.

The procedure contains four steps. First, the same xArm Lite6 URDF/Xacro
description and the same six-stage task are prepared for both platforms. Second,
the platform-specific joint and scene components are configured. Third, each
implementation is checked against the complete stage sequence. Fourth, C, P, R,
A, F, and I are assigned from inspectable implementation evidence, as defined in
Table 2. The available submission package contains the implemented workflows

and task sequence but no repeated-trial log, timing trace, force trace, or joint-error

Table 2. Evaluation criteria used in the benchmark.

Criterion Operational Measure

C = n_completed/6 across approach, grasp, lift, transfer,

Task-stage completion
& P lower, and release.

Online planni P =1 only if an online planner generates the executed
nline plannin
P g trajectory; otherwise P = 0.

R =1 only if the trajectory is sent through a
Controller-chain execution Y ) . v ] &
robot-controller chain; otherwise R = 0.

A =1 if transport depends on explicit attach/parent logic;

Attachment dependence .
otherwise A = 0.

. . F =1 only when contact, friction, mass, and inertia
Physics-preserving transport . . . ; .
remain active without kinematic attachment.

. . I = 1 when the implemented prototype exposes scripted
Scene-level interaction . . . i
scene-level interaction for reproduction/display.
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record. Accordingly, the revision reports no fabricated success-rate, duration, os-
cillation, or frame-rate statistics; Section 4.4 instead specifies the controlled ex-

periment and reporting fields required to obtain them.

3.3. Gazebo Implementation

The Gazebo implementation is built around the ROS Noetic ecosystem. The xArm
Lite6 URDF/Xacro model is loaded into a ROS workspace and instantiated in the
Gazebo simulation environment. The robot description contains the link, joint,
visual mesh, collision mesh, inertial, and joint-limit information required for sim-
ulation. To drive the virtual joints through ROS controllers, the active arm joints
and gripper joint are configured with transmissions.

Motion planning is implemented using Movelt!. The arm planning group and
gripper control group are configured so that the manipulator can plan motions
between predefined poses. OMPL is used through Movelt! to generate feasible joint
trajectories. The generated trajectories are then sent to Gazebo through joint con-
trollers and gazebo_ros_control. PID controller parameters are adjusted to reduce
slow response and overshoot during target tracking.

The original contact-only behavior in Gazebo was not sufficiently stable for
transporting the small object in this setup: small pose errors, limited contact area,
friction/inertial mismatch, or controller oscillation can produce slip or loss of con-
tact. gazebo_grasp_fix is therefore used after its contact condition is satisfied. The
plugin creates a deterministic attachment to a gripper-related link, which prevents
drops during the remaining stages but removes slip, force-closure, payload-cou-
pling, and regrasp behavior from the transport phase. Thus, the Gazebo imple-
mentation is suitable for testing planning and controller sequencing, not for learn-

ing or validating a low-level physical grasp policy.

3.4. Unity Implementation

The Unity implementation uses the same xArm Lite6 URDF model. The model is
imported through the Unity Robotics URDF Importer, which reconstructs the
link hierarchy, mesh references, and joint structure. Each robot joint is represented
using Articulation Body, which is more suitable than ordinary Rigidbody compo-
nents for serial-chain robot structures.

The task sequence is controlled by C# scripts. The script defines staged joint tar-
gets corresponding to the approach, grasp, lift, transfer, lower, and release stages.
During execution, joint target positions are interpolated to reduce abrupt changes
in motion. This makes the Unity implementation a scripted reproduction of the
task rather than a planner-driven trajectory-generation workflow.

The Unity grasping mechanism is also deterministic. A spherical trigger is
placed near the gripper; when the object enters the region and the grasp stage is
active, the object becomes a child of a GrabPoint or gripper transform. Parenting
guarantees pose following until release but bypasses contact-force, friction, slip, pay-

load inertia, and force-closure constraints. Trigger radius and timing therefore be-

DOI: 10.4236/jcc.2026.149009

159 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2026.149009

H.T.Yang,Y.J. Zhang

come hidden task parameters: an oversized trigger can capture an object before valid
contact, a small trigger can miss a valid grasp, and a parenting or Rigidbody-state
error can cause penetration, discontinuous velocity, or an incorrect release pose.
As shown in Figure 1, both implementations start from the same
URDEF/Xacro model but diverge in their execution pipelines. Gazebo uses ROS No-
etic, Movelt!/OMPL, joint controllers, and gazebo_grasp_fix, whereas Unity uses

the URDF Importer, Articulation Body joints, and staged C# targets.

[Shared URDFIXacroJ

— T~

s N
ROS Noetic Unity
Movelt/OMPL ) L URDF Importer
A 4 A 4
e A s A
Gazebo Articulation Body
Joint Controllers Joints
J . J
A 4 \ 4
( “ s )
gazebo_grasp_fix C# Staged
Attachment ) L Joint Targets
A 4 A 4
e ™ ' A
Planning and Digital-Twin
Control Validation ) L Visualization

Figure 1. Comparison of the Gazebo and Unity implementation workflows for the same

XArm Lite6 grasping task.

4. Results and Discussion

4.1. Task Execution Results

Both implementations completed the predefined six-stage sequence, giving C = 6/6
for Gazebo and C = 6/6 for Unity. In Gazebo, Movelt!//OMPL generated the robot
trajectory and the ROS controller chain executed it, so P = 1 and R = 1. These values
demonstrate the presence of an integrated planning-and-execution path; they do
not measure path optimality, controller accuracy, or real-robot success.

Gazebo completed object transport only with plugin-assisted stabilization in
the submitted implementation, giving A = 1 and F = 0. Contact-only behavior
could lose the object, while gazebo_grasp_fix removed this failure by attaching it
after the contact condition. Figure 2 documents the initial, approach/grasp,
lift/hold, and transfer/release states. Because no paired repeat-run logs were sup-
plied, the revision does not assign a numerical improvement to the plugin; the
required paired comparison is defined in Section 4.4.

Unity also completed all six stages (C = 6/6). The current prototype executed
predefined interpolated C# targets rather than online planning or ROS-controller
execution, giving P = 0 and R = 0. Object transport depended on trigger-based

parenting, giving A = 1 and F = 0. Scene-level scripted interaction was present (I
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= 1). These indicators document implementation structure and repeatable task
reproduction; they do not establish lower tracking error, higher physical grasp

success, or a smaller Sim-to-Real gap.

(b)

(d)

Figure 2. Gazebo grasping task execution sequence: (a) initial position; (b) target approach

and grasping; (c) object lifting and holding; (d) object transfer and release.

4.2. Comparative Analysis

Table 3 lists the implementation components that determine the audit indicators. The
comparison is limited to the submitted prototypes: Gazebo combines an online plan-
ner and ROS controller chain with plugin-assisted transport, whereas Unity combines

staged script targets with trigger-based parenting and scene-level interaction.

Table 3. Main components used in the two implementations.

Aspect Gazebo Unity

Model import URDF/Xacro in ROS workspace URDF Importer in Unity

Joint execution ROS controllers and PID parameters Articulation Body drive targets
Motion generation Online Movelt!/OMPL planning Predefined interpolated C# targets
Object transport gazebo_grasp_fix attachment Trigger detection and parenting
Online planner in prototype Present Not present

Scene-level scripted interaction Not implemented Implemented

Table 4 reports the operationalized results. The equal completion value (6/6)
shows that both prototypes reproduced the scripted task, but the remaining indi-
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cators show that they did so through different mechanisms. In particular, A =1
and F = 0 for both platforms, so completion cannot be interpreted as evidence of

physically robust grasping.

Table 4. Quantified audit of the implemented prototypes.

Metric Gazebo Unity
Task-stage completion, C 6/6 6/6
Online planning, P 1 0
Controller-chain execution, R 1 0
Deterministic attachment, A 1 1
Physics-preserving transport, F 0 0
Scene-level interaction, I 0 1

4.3. Sim-to-Real Consequences of Simplified Grasping

For gazebo_grasp_fix, a policy or task controller can appear successful after the plugin
converts a contact event into a rigid attachment even when the real gripper would not
achieve sufficient normal force, friction margin, or force closure. Direct deployment
to an xArm Lite6 can therefore fail under jaw-pose error, uncertain friction, object
compliance, mass-distribution error, controller delay, or acceleration-induced slip.
The plugin is appropriate when the research question begins after grasp confirmation,
such as testing collision-free transfer or task sequencing; it is not appropriate when
grasp acquisition, holding force, or slip recovery is the research target.

Unity parenting creates a stronger abstraction boundary: the object pose is kin-
ematically inherited from the GrabPoint, so payload-dependent torque, contact
impulse, slip, rebound, and release velocity are not learned or validated. A con-
troller tuned in this state can fail on hardware because the real arm must accelerate
the payload, maintain contact during motion, and release with nonzero residual
velocity. Parenting is therefore suitable for visualization, operator training, and
state-machine validation, but a Sim-to-Real control study should retain Rigidbody
dynamics, model gripper contact, randomize mass/friction/compliance, and vali-
date the resulting command sequence on hardware [12]-[15].

For both platforms, attachment success must be logged separately from physical
grasp success. A reproducible transfer study should define a grasp-success event
from finger closure and object retention before attachment is enabled, then eval-
uate whether the same command survives randomized object pose, friction, mass,
latency, and sensor noise. Without that separation, deterministic binding system-

atically underestimates the Sim-to-Real gap.

4.4. Controlled Grasping Ablation Protocol

The reviewer-proposed Gazebo control experiment should use paired trials of (a)
contact/friction-only grasping and (b) the identical task with gazebo_grasp_fix

enabled. The robot model, controller gains, trajectory, object model, initial pose,
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physics step, random seed, and stopping criteria must be held constant. A mini-
mum of 30 paired trials per condition is proposed to estimate uncertainty; each

pair should use the same randomized object pose and friction/mass sample.

Table 5. Proposed paired gazebo grasping ablation.

Protocol element  Physics-only arm Plugin-assisted arm

Same contact model plus

Contact handling  Contact and friction only
gazebo_grasp_fix

Paired trials >30; identical seeds/poses >30; matched seeds/poses

Primary outcomes Success rate; drop count Success rate; drop count

Task time; joint RMS error; peak

Motion outcomes Same measures

oscillation

Attach latency; false

Contact outcomes  Slip distance; contact impulse
P P attach/detach

Reporting Mean/SD or median/IQR; 95% CI Paired difference and effect size

The current submission package does not contain the repeat-run logs required
to populate Table 5 with measured outcomes. The table is therefore a prospective
ablation protocol, not a report of completed trials. This evidence boundary is
stated explicitly so that the 6/6 stage-completion audit is not misrepresented as a

statistical performance comparison.

4.5. Implications for Platform Selection

Platform selection follows from the audited mechanisms rather than from visual
adjectives. The implemented Gazebo workflow has P = 1 and R = 1, so it directly
exercises online planning and controller execution. It is therefore the relevant pro-
totype when the research question concerns Movelt!/OMPL integration, colli-
sion-aware planning, ROS command flow, or controller behavior. Its A =1 and F
= 0 values also limit any conclusion about physical grasp robustness.

The implemented Unity workflow has I = 1 but P = 0 and R = 0. It is therefore
useful for interactive scene reproduction, operator-facing visualization, and task-
state demonstration, while the current scripted prototype cannot validate online
motion planning or ROS-controller behavior. Unity could address this boundary
by receiving the same ROS/Movelt command source through ROS-TCP-Con-
nector and by replacing parenting with contact-governed transport when physical
grasp validity is required.

The equal completion ratio does not make the two platforms interchangeable.
Both have A = 1 and F = 0, meaning that deterministic binding—not verified con-
tact mechanics—ensures object retention. The benchmark therefore supports
claims about workflow integration and task reproduction only; force closure, slip
margin, grasp success under perturbation, and hardware transfer require the con-

trolled and physical experiments described above.
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4.6. Reproducibility Considerations

For a conference submission, reproducibility is strengthened by clearly separating
platform-dependent implementation details from platform-independent task set-
tings. The task settings include the robot model, initial pose, target object, grasp-
ing pose, placing pose, and stage order. These settings define the benchmark goal
and should remain consistent across platforms. The implementation details, how-
ever, are allowed to differ because they reflect the normal development workflow
of each platform. In Gazebo, reproducibility depends on the ROS package ver-
sions, Movelt! configuration, controller parameters, Gazebo world file, and grasp-
fix plugin settings. In Unity, reproducibility depends on the URDF Importer ver-
sion, Articulation Body drive parameters, collider settings, C# script values, object
detection radius, and parenting logic.

This separation also makes the comparison useful for later extension. If future
experiments introduce physical hardware, the Gazebo workflow can be used to
transfer planned joint trajectories to the real robot, while the Unity workflow can
be used to build an interactive monitoring or demonstration interface. If the two
platforms are connected through ROS-TCP-Connector or a similar bridge, the
same motion command source could drive both the algorithmic simulator and the
visual digital-twin scene. Such an integrated setup would provide a stronger basis

for evaluating the Sim-to-Real gap.

4.7. Limitations Encountered during Implementation

Gazebo can fail before grasping when Movelt! cannot find an inverse-kinematics
or collision-free solution, when joint limits or URDF collision geometry are in-
consistent, or when the planned trajectory is not accepted by the configured con-
troller. During execution, poorly tuned PID gains or a mismatch between control-
ler rate and physics step can cause lag, overshoot, or oscillation. During grasping,
low friction, inaccurate inertial parameters, sparse collision geometry, or an unfa-
vorable contact normal can cause slip. gazebo_grasp_fix can itself produce false
attachment when the contact threshold is too permissive or missed attachment
when contacts are intermittent; detachment thresholds can also release the object
too early or keep it attached after the intended release.

Unity can fail during import when joint axes, hierarchy, mesh scale, collider
geometry, or center-of-mass settings do not match the URDF. Articulation drives
can oscillate or lag when stiffness, damping, force limits, or fixed timestep are in-
consistent. Because the motion sequence is scripted, an object-position change or
unexpected collision is not replanned and can make the gripper miss the target.
The spherical trigger can bind an object without valid finger contact or fail to bind
because the radius/timing is too small. Parenting while Rigidbody state is incon-
sistent can create interpenetration, velocity discontinuity, tunneling, or an incor-
rect release trajectory. These limitations are specific engineering conditions that

must be checked in addition to whether the animation reaches the final state.
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5. Limitations and Future Work

This work has four main limitations. First, the benchmark uses one predefined
six-stage sequence rather than randomized object positions, shapes, and target
poses. Second, the source package contains no repeated-trial logs, force traces,
timing records, joint-error records, or frame-rate traces; therefore the reported
quantitative evidence is limited to stage completion and binary implementation
indicators. Third, the proposed physics-only versus plugin-assisted Gazebo abla-
tion has not yet been executed. Fourth, neither implementation has been validated
on a physical xArm Lite6. Future work should execute Table 5, report confidence
intervals and effect sizes, connect Unity to the same ROS command source, re-
place deterministic binding with contact-governed transport, and measure the
Sim-to-Real gap on hardware.

A complete follow-up should record task success, drops, task duration, joint
RMS tracking error, peak oscillation, slip distance, contact impulse, attachment
latency, false attachment/detachment, and rendering rate under matched seeds.
The same randomized object pose, mass, friction, compliance, controller delay,
and sensor-noise distributions should be applied across conditions. This would
convert the present implementation audit into a repeatable performance bench-

mark and identify which simplified assumptions dominate transfer failure.

6. Conclusion

This paper presented an implementation benchmark of Gazebo and Unity for an
xArm Lite6 pick-and-place task and revised the comparison around auditable ev-
idence. Both prototypes completed all six stages (C = 6/6). Gazebo implemented
online planning and controller-chain execution (P = 1, R = 1), whereas the current
Unity prototype used predefined C# targets (P = 0, R = 0) and provided scene-
level scripted interaction (I = 1). Both depended on deterministic object binding
(A = 1) and neither preserved contact-governed grasp transport (F = 0). These
results support Gazebo for ROS planning/control workflow validation and Unity
for interactive task reproduction, but they do not establish physical grasp reliabil-
ity. The added Sim-to-Real analysis shows how attachment can hide failures caused
by pose error, friction, compliance, payload dynamics, latency, and slip; the pro-
posed paired Gazebo ablation and documented failure conditions define the meas-

urements required for a stronger follow-up study.
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