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Abstract—The automation of Deformable Linear Object
(DLO) manipulation remains a key challenge in industrial
production. While prior works demonstrated reliable wire
terminal insertion using vision and tactile sensing, they typically
assume a fixed connector pose. This paper presents a dual-
arm robotic system for fully autonomous connector assembly.
A stereo vision system enables robust 6D pose estimation of the
wire terminal, while a custom mechatronic gripper with inte-
grated tactile sensing supports accurate insertion monitoring.
In parallel, the second arm performs connector grasping. By
combining complementary visual and tactile feedback across
both manipulators, the system achieves the precision required
for tight-tolerance insertion without fixed fixtures.

I. INTRODUCTION

The rising demand for industrial automation is driving
the development of robotic systems capable of handling
deformable objects [1], [2]. Unlike rigid parts, DLOs ex-
hibit complex behaviors, including bending, twisting, and
stretching, that make robust robotic manipulation and per-
ception highly challenging [3], [4]. Connector assembly is
a particularly demanding task within wire harness manu-
facturing, requiring the high-precision insertion of crimped
metal terminals (pins) into designated connector housing
slots. Traditionally, this task has relied on human operators
who use a combination of visual and tactile feedback to
ensure correct alignment and axial orientation [5], as shown
in Fig. la.

In [6], a single-arm methodology to partially automate
connector assembly was presented, relying on a custom
mechatronic tool with stereo vision and tactile sensors.
However, the connector housing was assumed to be fixed
at a known position, limiting flexibility. To achieve fully
autonomous assembly, this work adopts a dual-arm config-
uration. One robot handles the pin-wire, while the second
grasps and positions the connector. While standard vision-
based methods provide a coarse 6D pose estimate of the
connector, their accuracy is insufficient for tight-tolerance
insertion. To address this, we propose an in-hand connec-
tor pose refinement combined with stereo-based perception
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(b) autonomous insertion by the proposed dual-arm system

Fig. 1. Comparison between manual and autonomous connector assembly.
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Fig. 2. Mechatronic tool for connector assembly comprising a converging
stereo-based camera system and sensorized fingers.

and tactile-guided insertion, enabling successful and robust
connector assembly in realistic scenarios.

II. SYSTEM OVERVIEW AND METHODOLOGY
A. Mechatronic Tool

The proposed methodology relies on a custom mechatronic
tool (Fig. 2), built on a parallel-jaw gripper enhanced with
a converging stereo vision system and sensorized fingers.
The vision system uses two Luxonis OAK-1 cameras (68°
orientation, 0.12 m baseline) to balance depth accuracy and
minimize bulk. The fingers feature optoelectronic tactile
sensors [7] consisting of a 5 x 5 matrix of photo-reflectors
under a silicone pad, allowing precise detection of contact
deformations during the assembly phases.

B. Connector and Pin Pose Estimation

Given the flexibility of the wire and potential misalign-
ments, both the connector and the pin poses must be esti-



(a) left view (b) right view

Fig. 3. Detection of connector holes from stereo views using the YOLO-
based model, achieving robust and precise in-hand connector pose.

Fig. 4. Experimental setup: overview of the dual-arm robotic platform
(left); detailed view of the connector and the pin (right).

mated dynamically. For the connector, the right arm’s camera
initially estimates a coarse 6D pose using DOPE [8] to allow
the left arm to grasp it. Once grasped, the left arm presents
the connector to the right arm’s stereo cameras. A YOLO-
based detection method identifies the connector holes in
both views. By triangulating the matched detections, the 3D
coordinates of the holes are reconstructed, yielding a refined,
sub-millimetric 6D pose of the connector. The process is
illustrated in Fig. 3.

Simultaneously, the right arm estimates the 6D pose of
the pin-wire. A multi-head neural network processes the
stereo images to predict 2D keypoints (tip and tail) and
the axial rotation angle. The keypoints are triangulated to
define the main axis of the pin in 3D space. This geometric
fusion avoids the need for large datasets with full 6D pose
annotations, ensuring robustness.

C. Tactile-Based Pin Insertion

Once the pin-wire is aligned with the connector housing
slot, a tactile sensing strategy monitors the insertion. A
contact indicator ., representing the centroid displacement
of the tactile response along the insertion axis, is analyzed
in real-time. The insertion is executed in two stages: a push
phase and a pull phase. A k-Nearest Neighbors (KNN)
classifier, trained on tactile data from successful and failed
insertions, continuously evaluates (i, over sliding temporal
windows. During the push phase, the robot advances until
a push completed event is classified. Subsequently, a pull
motion verifies locking: if a pull completed event is detected,
the insertion is successful; otherwise, it is flagged as a failure.

III. PRELIMINARY EXPERIMENTS

The dual-arm robotic strategy is validated using a URS, i.e.
the right arm, equipped with the tool, and a Doosan manipu-
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Fig. 5. Relationship between predicted confidence and axial angle

estimation error. Higher confidence predictions exhibit lower mean error
and smaller variance, indicating an inverse correlation.

lator, i.e. the left arm, handling the connector, operated within
ROS2 (Fig. 4). The evaluated connector features 3.7x 3.7 mm
holes, while the pin is 1.6 x 1.6 x 14.8 mm (Fig. 4 right).

A crucial component for successful insertion is the accu-
racy of the pin’s axial angle estimation. The neural network
outputs a confidence score alongside the angle prediction.
As shown in Fig. 5, there is a strong inverse correlation be-
tween this confidence and the angular error. High-confidence
predictions consistently yield low errors, making this score a
reliable indicator for triggering recovery strategies in highly
ambiguous visual conditions (e.g., reflections or low con-
trast). Overall, preliminary results confirm that the dual-arm
configuration, coupled with continuous tactile monitoring,
reliably achieves the tight tolerances required for connector
assembly.

IV. CONCLUSIONS

This work introduced a dual-arm system for autonomous
DLO connector assembly. By combining stereo-vision for
refined in-hand pose estimation and tactile feedback for
insertion monitoring, the proposed approach eliminates the
need for fixed fixtures. Preliminary experiments demonstrate
the system’s precision and flexibility, marking a significant
step forward compared to single-arm solutions.
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