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Figure 1: The Augmented Reality (AR) guidance application to support instrument assemblies.

ABSTRACT

Augmented reality (AR) can improve users’ efficiency in various
tasks. AR allows to guide a user with superimposed information,
for example, during an assembly process. While paper-based as-
sembly instructions are cumbersome and time-consuming, deep-
learning driven AR-based instructions can dynamically adapt to the
assembly scene and augmented 3D information over the physical
objects (in-situ). We present KARVIMIO, an AR assembly guid-
ance application for instruments based on 3D printed parts as re-
producible testbed. Our approach utilizes purely synthetic training
data for pose estimation to allow an easy generalization of the ap-
proach to new assembly groups and other areas of use.

Index Terms: Augmented reality, guidance, pose estimation, syn-
thetic data

1 INTRODUCTION

Assembling complex objects in manufacturing, maintenance, or
medical scenarios is challenging due to time pressure, high accu-
racy demands, and the need for prior device knowledge. For exam-
ple, in medical scenarios, surgeons rely on a a wide range of various
surgical instruments. Despite a comprehensive medical education,
knowing every assembly step of manifold and complex instrument
sets is extremely challenging for surgical staff. AR guidance could
be helpful in such situations, but requires markerless tracking for
sterility [1]. Markers are robust and often used in AR applications,
but not applicable in many industry or medical use cases due to a
narrow field of view, sterile environment or changing tasks.
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Previous research [1] has identified multiple requirements for
i) the design (e.g., clear in presentation, visualizations in field of
view), ii) the practicability (e.g., user autonomy, supporting ef-
fect, comfort), iii) the usage (e.g., ease of use, simplicity, no hand
or speech interactions), iv) the situational fit (decision making-
autonomy, limited cabling, responsibilities).

To address these requirements, our project builds upon the fol-
lowing key elements: a) synthetic data generation for training and
generalization, b) markerless pose-estimation and/or tracking, c)
status aware AR assembly guidance, d) gaze-bazed interaction.

2 RELATED WORK

Acquiring real-word accurate 6D object ground truth data in dy-
namic scenes is challenging and requires disproportionately exten-
sive training. Kleinbeck et al. [3] proposed step-by-step guidance
for building block assemblies while using synthetic data. Building
upon 2D object detection, Stanescu et al. [8] implemented an as-
sembly state detection based on YOLO. Schieber et al. [7] and Li
et al. [4] addressed more complex and varying 3D printable assem-
bly parts. Li et al. [4] focused on combining object tracking and
6D object pose estimation for re-initializing the tracking when oc-
clusion eliminates the current tracking status. Schieber et al. [7]
improved the YOLOv8-based 6D pose estimation by adding a late
fusion step incorporating the current assembly state in the 6D pose
estimation.

3 PROTOTYPE

Our approach provides in-situ guidance for assembling objects of
various types, as illustrated in Fig. 1. Our system uses 6D pose esti-
mation, allowing for more precise visual augmentations directly on
the objects. We build on Yolov8Pose [4], an extension of Yolov8 [2]
that integrates keypoints for 6D pose estimation. Yolov8Pose [4]
utilizes the keypoints and employs the RANSAC PnP to determine
the 6D pose of each object with an average runtime of 63.60 ms.
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Figure 2: System setup. Our system is divided in a pure pretraining
phase and the live augmented reality approach.

The network was trained using domain randomization [6] with syn-
thetic data [4] from assembly sequences. Despite the system’s high
precision and robustness for objects’ poses estimation, manual ad-
justments were made to align visually augmented content as accu-
rately as possible with the actual position of the physical objects.

We use a Microsoft HoloLens 2 HMD and a AR application build
with the Mixed Reality Toolkit in Unity. The assembly parts are
tracked using a Microsoft Azure Kinect RGB-D camera which is
connected to a laptop or workstation. We tested a workstation with
an Intel i9-10980XE CPU, NVIDIA GeForce RTX 3090 GPU, and
128GB RAM and a Razer Laptop with a NVIDIA GeForce RTX
3070 Ti GPU. The Yolov8Pose model is executed on the GPU to
enable markerless, real-time capable RGB-based 6D pose estima-
tion. The HoloLens is calibrated with an optical marker relative
to the Azure Kinect camera. Pose estimation data is transmitted to
the HoloLens via WiFi, allowing it to render visual augmentations
directly onto the real-world position of objects, as seen in Fig. 2.

4 DISCUSSION AND FUTURE WORK

Our approach utilizes synthetic data to train the 6D pose estima-
tion, while tracking can also be a valuable approach for assem-
bly groups [4]. Tracking is usually challenged by occlusion and
requires a frequent re-initalization. Incorporating hand pose esti-
mation with 6D pose estimation could significantly mitigate issues
related to occlusion.

To enhance smart manuals we are constantly working on im-
proving the pose estimation. Other aspects like state detection can
further improve the approach [8, 7].

Additionally, developing automatic assembly state detection
could facilitate context-aware visualization adjustments. For in-
stance, visual elements might alter their transparency or rendering
style (such as wireframe or silhouette) based on factors like the
user’s distance from the object, hand occlusion, or the complex-
ity of the current assembly step. Expanding multimodal interac-
tion capabilities could further improve the efficiency of visualiza-
tion approaches, providing additional perspectives to support the
alignment task [5].

To promote broader application and innovation, we wish to em-
power the release of more open-source datasets (e.g., [7, 4]), which
can serve as valuable testbeds for optimizing assembly guidance
solutions in various research contexts.

Figure 3: 6D pose estimation, each tracked part is highlighted by
another color.

5 CONCLUSION

We propose an approach for AR assembly guidance utilizing syn-
thetic data generation and 6D pose estimation to drive visual aug-
mentations. Our approach allows for an efficient extension and
adaption of the guidance system to future assembly parts purely
based on their 3D models.

ACKNOWLEDGMENTS

This work was funded by the German Federal Ministry of Educa-
tion and Research (BMBF) program ”AI-based assistance systems
for in-process health applications”, grant number 16SV8973. We
thank Medability GmbH for providing the 3D prints.

REFERENCES

[1] E. Cramer, A. Kucharski, J. Kreimeier, S. Andreß, S. Li, C. Walk,
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