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Abstract—This paper presents a method to identify and quan-
tify metallic-conductive objects in a non-metallic-conductive con-
tainer using Low Frequency (LF) magnetic fields. The proposed
method is a further development of the IndLoc system which
has been developed at the Fraunhofer Institute for Integrated
Circuits. It enables the materials’ flow tracking in production
and logistics sites.

Index Terms—LF magnetic field, logistics, industry 4.0, quality
check

I. INTRODUCTION

Material flows in production and logistics remains not
transparent [1]. Tracking them requires manual, potentially
error-prone activities such as scanning on the one hand or
tagging of items and containers on the other hand [2]. These
processes require a high level of time and effort, and account
for a significant share of total costs in intralogistics [3].
Therefore, automated material flow tracking offers significant
potentials in terms of process reliability and overall efficiency.

In most production systems across a variety of industries,
material flow monitoring and re-ordering are being carried
out semi-automated or completely manually [4], thereby
causing high efforts without creating the desired transparency.
A typical example of semi-automation is the picking process,
where the data collection requires human input, e.g. by
confirming performed actions or entering quantities of picked
goods. In order to create material flow transparency,, the
IndLoc technology has been further developed at Fraunhofer
Institute for Integrated Circuits (IIS). The IndLoc technology
is based on low frequency magnetic induction [5].

The technology can be used in non-line-of-sight environments
because its LF magnetic field is not affected by many
non-metallic-conductive obstacles such as the human body.

The IndLoc system identifies pre-learned metallic-conductive
objects by measuring the response of a primary LF magnetic
field using receiving coils positioned below the box that
contains the objects. The measured signals are then processed
and compared with each object’s pre-recorded fingerprint.
The fingerprint includes information about the object and
the quantity. The object is identified based on the minimum
Euclidean distance.

The paper is structured as follows: Section II explains the
process analysis and the scenario identification. Section III
describes the IndLoc system and its components. Section IV
explains the proposed identification method. Finally,
Section V concludes the paper.

II. PROCESS ANALYSIS AND SCENARIO IDENTIFICATION

The implementation of an automated identification and
quantification technology for parts and materials can find
application in different industrial use cases. Even if the
performed core functions remain the same, different scenarios
entail changes ranging from e.g. installation location over
product, material and transport unit characteristics to transfer
speed through the conductor loop.

In order to ensure transferable results, two representative
application scenarios were identified as exemplary
implementation cases based on literature research, expert
interviews and process assessments with project partners
from different industries. In a combined top-down and
bottom-up approach, first, relevant action points along the
logistics process chain were specifically queried with regard
to their implementation in the various companies (top-down),
then further potentials were openly collected with regard
to advantageous technical framework conditions and urgent
process needs expressed by the industrial partners.



With the examined logistical process chains reaching from
goods receipt over warehouse, production, picking/packing
to goods issue, pre-identified and targeted possible action
points included automatic delivery note reconciliation, auto-
entry for storage and retrieval in warehouse management,
identification of assembly items in manufacturing as well as
article verification for shipping readiness.
Thereby, frequently occurring and therefore particularly
relevant characteristics of action points were determined,
serving as application field for experimental investigations and
process developments, ultimately resulting in two concrete
implementation scenarios.

Scenario I is a regular picking process where the system
should detect and quantify objects in separate, single-sort
bins/shelves, display the current fill level and report the
results to a warehouse management system (WMS) via a
given middleware. Hereby, picked goods are detected by the
system and the remaining quantity is updated.

Scenario II includes a picking cart with intelligent placing
areas on which the picker puts parts according to the order.
These parts are detected, quantified and matched with the
pending order so that picking errors can be noticed and
alerted.

III. SYSTEM DESCRIPTION

The IndLoc system has been further developed from what
is described in [5] to suit the above mentioned Scenario II.
Fig. 1 shows the newly developed system. The surface is
divided into two compartments where two boxes containing
objects can be put on each one to identify and quantify
them. For each compartment there is a light indicator which
blinks blue if there are no objects on top of the compartment
area and blinks green when there are objects on top of
the compartment which has been identified and quantified
successfully.

Fig. 2 shows the inner components of the system which
all are integrated in a compact plastic housing. It consists
of a 100 × 45 cm rectangular magnetic field source known
as the exciter loop and two pairs of receiving coils. Each
coils pair consists of four 3 × 6 cm rectangular coils with
15 windings each. Additionally, there is a signal processing
unit, the reader, which is the same size as a normal shoe box
and it generates the primary magnetic field and processes the
measured voltage values from the receiving coils.

An AC current Iex flows in the exciter loop with a
frequency that ranges from 30 kHz to 150 kHz . The exact
frequency at any given time can be configured through the
software and the reader unit. The exciter loop carries only one
AC current at a specific frequency at any given moment. Iex
generates a primary magnetic field ~Hex. This field induces
a voltage Uobj into the conductive objects’ bodies. This
results in a current flow in closed-paths in the objects bodies

Fig. 1: The newly developed IndLoc system demonstrator with
the metallic-conductive objects identification and quantifica-
tion features.

Fig. 2: The inner part of the system comprising a 100×45 cm
exciter loop, electronic circuits and 8 receiving coils each has
dimensions of 3× 6 cm and 20 winding.

known as Eddy currents. These currents produce a secondary
magnetic field ~Hs which induces voltages Ũ1, ..., Ũ8 in the
eight receiving coils.

As shown in Fig. 3, the measured voltages are forwarded
after sampling to the reader unit which filters, amplifies
and process them. The reader sends the real and imaginary
(Re, Im) components of the processed samples using User
Datagram Protocol (UDP) to a personal computer (PC). At
the PC, a fingerprinting comparison takes place to identify
and quantify the objects using pre-recorded data of each
object from a database or a lookup table.

IV. THE PROPOSED METHOD

The proposed method performs a frequency sweep by
varying the frequency of the Iex current and measures the
response of each individual frequency using the receiving
coils. During each frequency sweep, the AC current that flows
into the exciter loop is varied n times. Where n is the number
of frequencies f1, ..., fn. In this paper we use f1 = 30 kHz
and fn = 140 kHz with a step of 5000 Hz between each two
consecutive frequencies. The proposed method consists of two



Fig. 3: A block diagram showing the different stages of
the objects identification and quantification process using the
measured voltages Ũ1, ..., Ũ8 from the metallic-conductive
objects placed on top of the receiving coils. The (Re, Im)
values are sent to a PC where the fingerprinting comparison
takes place.

stages. The first one is to generate a fingerprinting database.
The second consists of the identification and quantification
processes.

A. Generating a fingerprinting database

In this database all the necessary features to successfully
identify and quantify 15 different metallic-conductive objects
are stored. Fig. 4 shows the objects under investigation
throughout this paper. For each object a non-conductive 15×20
cm box must be filled with units of the same object. After-
wards, the box is placed on top and covers four receiving coils.
A full frequency sweep process starts from f1 and ends with
fn. For each f , the following must be calculated and appended
to the database

φf = arctan

4∑
j=1

Ũj(Re, Im) (1)

Af = |
4∑
j=1

Ũj(Re, Im)| (2)

where φf , Af are the phase and the amplitude of the sum
of the four receiving coils’ voltages Ũj at a frequency f ,
respectively. The resulting database is structured as shown in
Table I.

TABLE I: The fingerprinting database structure

object number x f1 ... fn
1 φ11 A11 ... ... φ1n A1n

2 φ21 A21 ... ... φ2n A2n

... ... ... ... ... ... ...
m φm1 Am1 ... ... φmn Amn

B. Identification and quantification

To identify and quantify the objects which are placed on
the surface of the receiving coils, a frequency sweep must be
carried out. For each f , the measured (Re, Im) components
from the corresponding 4 receiving coils are used to calculate

(a) Object 1 (b) Object 2 (c) Object 3 (d) Object 4

(e) Object 5 (f) Object 6 (g) Object 7 (h) Object 8

(i) Object 9 (j) Object 10 (k) Object 11 (l) Object 12

(m) Object 13 (n) Object 14 (o) Object 15

Fig. 4: The objects under investigation

Eq. (1). The phase of the objects from the database is used for
identification due to its uniqueness. As shown in Fig. 5 each
object has a different phase value for each frequency. We
have split the phase curves of the objects under investigation
into two separate plots for clarity. Please note that each plot
in Fig. 5 has a different the y-axis scale for clarity.

The identification is carried out by comparing the measured
resulting phase value from Eq. (1) with each entry from the
database to find the best match. This is done by executing
the following equation

dφi
(φ̃1, ..., φ̃m)2 =

n∑
l=1

(φ̃l − φi,l)2 (3)

where dφi
is the sum of the Euclidean distances between the

measured phase values φ̃l and the database phase entries φl,i.
i, l are the the number of frequencies and the object number
from the database, respectively. The identified object’s number
x can be found by

x = argmin
i

dφi(φ̃1, ..., φ̃m)2 (4)

and it corresponds to the database entry with the minimum
distance.

The quantification process starts once the object has
been identified. This is achieved by dividing the measured
amplitude Ãn at the highest frequency fn with the identified
object’s amplitude from the database Axn. The decision to use



(a)

(b)

Fig. 5: The phase values of the objects under investigation.
Please note the different y-axis scaling. The objects’ numbers
in these two plots correspond to the objects’ numbers in Fig.
4.

the amplitude of the highest frequency as an indicator for the
quantity present in the box is related to the measured signals
strength from the receiving coils. The measured signals are
proportional to f and we want them to be higher than the
noise level that the reader hardware has. This assures that
even if there are only few objects in the box or the signals
are weak due to the properties of the objects we will be able
to quantify. The quantity percentage of the objects in the box
q can be calculated as

q = Ãn/Axn × 100 (5)

V. CONCLUSION

In this paper, we have presented a method to identify
and quantify metallic-conductive objects in a non-metallic-
conductive container using Low Frequency (LF) magnetic
fields. To achieve that, the IndLoc technology has been
extended with the frequency sweep functionality, new
receiving coils and an updated software algorithm.

A group of 15 different metallic-conductive objects has
been successfully identified and quantified using Euclidean
distance comparison.

Future work will be focused on using modern Machine
Learning classifiers to improve the identification and
quantification accuracy and speed. Additionally, it will enable
identifying more objects based on new features that might be
present but currently not exploited in the presented method.
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