The above formulation of the generic process of identification is the basis for the multi-sensor identification
procedure as several features are evaluated. This is not the case with state-of-the-art identification systems
that rely on only one identification feature (e.g., label with identification number). In addition to the
uniqueness of each individual identifier, a higher degree of uniqueness is created through the way several
identification features are combined.

4.2 Processing chain for multi-sensor AIS based on CAD-Models.

The processing chain consists of an offline and an online process. The offline process generates the
identification knowledge base from the CAD models, while the online process performs the actual
identification.

4.2.1 Offline process for identification knowledge base generation

The inputs for the offline process (see Figure 1) are the CAD models of objects to be identified. For each
CAD model, a descriptor for 3D-Object recognition is created after transformation into a point cloud.
Together with the identity information (identification number and description), as well as the information on
weight, colour/appearance and centre of mass location, these descriptors are stored in the identification
knowledge base. The identification knowledge base is the result of the offline process and is subsequently
provided to the online process.
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Figure 1: Offline process for identification knowledge base generation from CAD models; input (blue) output (green)

4.2.2 Online process for multi-sensor identification

The inputs for the online process (see Figure 2) are sensor inputs acquired from a scene containing an object
to be identified as well as the identification knowledge base from the offline process. The inputs “Sensor
point cloud” and “Sensor colour/appearance” can be obtained from 3D-Scanners. Regarding the inputs
“Sensor weight”, “Sensor material” and “Sensor centre of mass location” a sensor platform can be used
which is presented at a later stage.

From the sensor point cloud, a descriptor for 3D-Object recognition is generated. Based on weight, material,
and colour/appearance information the identification knowledgebase is prefiltered in order to only pass
matching candidate objects to the “3D-Object recognition and 6DoF pose estimation” step. The descriptors
of these candidate objects point clouds from the prefiltered identification knowledge base are then matched
against the descriptor of the sensor point cloud in the sense of 3D-Object recognition. For the recognised
object, an estimation of the 6DoF pose is carried out, which yields the geometric transformation in order to
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transform the CAD point cloud into the sensor point cloud. By means of this transformation, a “Centre of
mass validation” step can be performed. This step serves to compare the centre of mass location from the
CAD model with the centre of mass location detected by sensors, aiming to further improve the accuracy of
identification. After successfully performing all steps of the online process, the identity information
originating from the identification knowledge base are available.
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Figure 2: Online process for multi-sensor identification; inputs (blue) outputs (green)

4.3 Hardware concept for multi-sensor identification

The concept for the acquisition of sensor inputs for the offline process consists of a structured-light 3D-
Scanner in combination with a sensor platform (see Figure 3). The 3D-Scanner captures the point cloud and
colour/appearance of the identification object, which is settled on the rotary device of the sensor platform.
The rotary device rotates the object to be identified during scanning in order to obtain a complete scan. An
inductive sensor is used to detect the object’s material, which makes it possible to distinguish between metals
and non-metals. Furthermore, the sensor platform consists of a weighing plate, which uses four force sensors
to determine the weight and centre of mass location of the object.

As Figure 3 indicates, three coordinate systems occur in this arrangement: The coordinate system of the 3D-
Scanner (indexed “S”), the coordinate system of the sensor platform (indexed “SP”) and the coordinate
system of the object (indexed “O”). These coordinate systems are important for the “Centre of mass
validation” step of the online identification process as geometric transformations have to be applied in order
to compare the centre of mass location between the CAD model and the physical identification object.
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Figure 3: Sensor hardware concept for multi-sensor identification

5. Prototype implementation of multi-sensor AIS

Based on the above concept, the prototype for multi-sensor identification was implemented (see Figure 4).
An ‘HP 3D Structured Light Scanner Pro S3’ in combination with an ‘HP Turntable Pro’ were used for the
structure light sensor and the rotary device. The sensor platform is a custom implementation based on four
load cells with HX711 amplifiers and an inductive proximity switch connected to an Arduino Nano. The
weighing plate with the force sensors attached to it is made of steel so that a 3D-printed mount for the
inductive proximity switch can be slid onto it by means of magnets.

Since 3D-Object recognition is computationally intensive, the above hardware was connected to a computer,
serving as the main processing device. The software for the multi-sensor identification processing chain (see
Section 4.2) was implemented using the programming languages Python and C++. In particular, the module
performing 3D-Object recognition was implemented using the Point Cloud Library (PCL) written in C++
and then integrated into Python via the Pybind11 library.

Figure 4: Prototype multi-sensor AIS with an identification object settled on the rotary device

6. Experimental verification of prototype multi-sensor AIS

For the experimental verification of the multi-sensor AIS, a set of 21 objects was compiled. Attention was
paid to the fact that the objects vary in geometry, colour/appearance, weight, centre of mass location and
material. From the set 16 objects were soda cans, differing in geometry (@67mm*115mm, @53mm*135mm,
@67mm*115mm), colour/appearance (manufacturer specific design) and weight (full/empty). These soda
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