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Space-Filling Electromagnetic Skins for the
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Abstract—Polymer-based objects (cable harness, gaskets, tires)
are exposed, during their lifetime, to mechanical and chemical stress that often generates surface defects like crack and
scratches. Early detection of signs of aging may enable a
Predictive Maintenance to extend the life of the object and avoid
severe failures. For this purpose, Space Filling Curves (SFC) are
here proposed as an artificial electric skin, suitable to envelope
a surface to wireless detect the presence of small aging signs by
resorting to an electromagnetic backscattering platform. Size and
resolution of the skin can be controlled by just two parameters
and multiple skin cells can be arranged together to tessellate
a large surface in order to even identify the position of the
defect. By following a theoretical analysis of the sensor-oriented
properties of SFCs, and in particular of the Gosper-Fukuda
family, the feasibility of the idea is demonstrated by the way of
preliminary experiments with a Radio Frequency Identification
(RFID) IC, providing a 1-bit anti-tamper port.
Index Terms—Radio Frequency Identification, Material Aging,
Sensors, Printed Electronics, Flexible Electronics, Electronic
Skin.

Figure 1. Examples of micro and macro aging signs of polymeric materials:
s) tire, b) cable harness, c) instrument housing, d) valve.

In the last five years, electromagnetic backscattering-based
sensor technology, generally relying on to the Radio Frequency
Identification (RFID) has been considered to conceive an

alternative approach to crack detection [5]. The leading idea
[6], [7], [8] is that the occurrence of a crack produces a
modification of the electromagnetic behavior of an RFID
antenna placed over the crack that is detectable remotely
by processing the backscattered signals (amplitude and/or
phase) produced by said antenna following an electromagnetic
interrogation from a reader. In some cases [9], the detector is
a chipless tag that modifies its radar cross section due to the
surface glitch. In [10], [11], [12] the devices (generally a patch
antenna) have to be glued to the surface to monitor and the
presence of a bend [13] or a crack produces a shift of the
resonance of an RFID tag. Moreover, the frequency-oriented
measurement is also sensitive to the stability of the substrate
and to the dynamic changes of the material of the object other
than a crack.
However, the practical implementation of this concept so
that a surface stress is converted into a damage of the bulky
antenna is not straightforward. In all cases, the sensor has to
be placed close to the crack or where a crack is expected
to appear. Thus, to monitor cracks over a large surface
wherein their eventual generation is unknown, a dense grid
of bulky tags should be used and they might compromise
the functionality of the object. This approach becomes of
unpractical implementation in case of very small cracks have
to be detected within a large area or in case of curved surfaces.
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Following the preliminary idea in [14], this paper proposes
a fully scalable antenna system, based on the concept of
Epidermal Electronics [15] for the wireless identification of

I. I NTRODUCTION 1
Polymers are currently used in a wide range of applications
where reliability in long-term services in harsh environments
is required. In any scenario they are usually involved, they can
suffer from non-negligible stress factors (mechanical, thermal
or chemical) that could accelerate the aging process; this might
compromise the object integrity with catastrophic results [1].
One of the major aging symptoms of plastic materials is the
generation of cracks [2] that are due to a massive breakage in
the polymer chains that makes the object brittle and therefore
much more susceptible to fractures. Accordingly, a regular and
hopefully automatic monitoring of the object surface integrity
could extend its lifetime preventing unexpected faults.
State of the art cracks detection non-destructive techniques
(X-ray, micro-tomography, scanning electron microscopy,
electric surface impedance, thermography, acoustic sounding
[3], [4]) usually require cumbersome wired measurement
instruments and, in some cases, a highly trained operator to
collect and parse data. Hence, applying these cracks detection
techniques over a large scale is practically not straightforward.
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early aging signs over plastic surfaces that, unlike above
solutions, is tightly embeddable in the object and scalable over
large and non planar surfaces. The method relies on conductive
ink-based multi-thread electronic skin. It envelopes the object
like a tattoo and has the advantage to be easily tunable in size
and density to monitor large areas with the requested space
sensitivity. The alteration of such a skin, due to aging of the
surface, can be remotely identified by using conventional RFID
equipments. The idea relies on a space-filling curve circuit
connected to the anti-tamper port of an UHF-RFID tag that,
once damaged in some points, will set a tampering bit in
the tag response. The surface integrity of the object can be
accordingly read from remote by conventional readers.
This paper introduces the theory of the SFC as electrical
sensor for crack detection (Section II and Appendix), the
fabrication with conductive ink technology (Section III) and
the close integration with wrapped antennas for application
over planar and curved surfaces (Section IV). The idea is hence
corroborated by both simulations and measurements with some
prototypes.
II. S PACE - FILLING C URVES FOR D EFECT D ETECTION
Without loss of generality, the defect to be identified over
a surface is here modeled as a linear crack. For the sake of
simplicity, we moreover assume the surface of the object to
be planar. Curved cases are considered later on. Space-filling
Curves (SFC), originally introduced by the mathematician
Giuseppe Peano (1890) [16], is a possible family of lines to
achieve a sensing skin over a large surface in a controlled way.
SFCs map a multi-dimensional space (even curved surfaces
and volumes) into the one-dimensional domain. A space-filling
curve acts like a thread that passes through portions of the
space so that every point is visited only once. Moreover, as
an SFC does not self-intersect (Self-Avoidance property), it
can be used as a closed path electrode (short circuit). Finally,
space-filling curves are self-similar, that means it is possible to
control the filling density on the thread through the selection
of the curve order, like any fractal.
Among the various options of SFCs, some of them have
been already investigated for antenna applications to miniaturize dipoles and patches [17], [18], [19]. As possible defect detector, the Peano-Hilbert and the Gosper/Fukuda curves (Fig.
2) are here preliminary considered. Peano-Hilbert SFCs are defined over a cartesian (rectangular) grid while Gosper/Fukuda
curves have a rotational topology and the layout rotates by a
fixed angle when moving from an order to another [20].
Let Lmax denotes the longest segment (crack) that can
be placed within the thread without touching it (red line in
Fig. 2). This parameter, as shown later on, can be analytically linked to the particular curve and describes the space
sensitivity S (or cut-off) of the SFC as crack detector, e.g.
the smallest defect that is detectable by the thread. Although
both Hilbert and Gosper curves increase the filling density
by rising the iteration order, it is clear from Fig. 2 that
only the Gosper/Fukuda curves have also the property to

Figure 2. Hilbert, Gosper and Fukuda-Gosper II (hereafter simply referred as
Fukuda) Space-Filling Curves of increasing orders. The red lines indicate the
length of the largest surface tile that is not crossed by the curve, thus defining
the space sensitivity S of the SFC as crack detector.

uniformly and quickly improve the spatial resolution with
respect to the Hilbert curve, namely, Lmax is monotonically
reduced for increasing orders (N ). Accordingly, the theoretical
and experimental investigations will be hereafter restricted
to the only Gosper/Fukuda family. These also possess the
surface tessellation feature (Fig. 3) so that several cells can
be placed one close to another in order to widen the area
to be monitored. This capability is not easily achievable by
means of the electromagnetic solution as in [10], [11], [12]
where the sensitive element is the antenna itself.
The RFID-SFC skin is implemented by connecting the two
terminals of each cell to the anti-tampering port of an RFID
tag. During a standard RF interrogation, the occurrence of a
crack (or more in general of a defect) in a cell will turn the
anti-tampering bit of the corresponding chip to ’1’. Thus, the
ordered sequence of the tampering bits (the sensor string) of
all the cells will not only permit to identify the presence of
a defect over the whole meshed surface, but to even localize
it within a cell (Fig. 3). Although an antenna is still required
for each cell, it is only used to data transmission and its size
could be made much smaller in comparison with the surface
of the overall SFC.
A. Topology
The SFC can be enveloped within a regular hexagon, whose
side r is proportional to the initiator of the curve (see Appendix

1558-1748 (c) 2019 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2019.2934215, IEEE
Sensors Journal

Figure 3. Spatial tessellation by means of several Space Filling cells to
monitor a large surface. Each cell is connected to an anti-tampering RFID
chip. Assuming a crack occurred within the cell n.2, the anti-tampering flag
of the corresponding chip will be set to ’1’. The resulting sensing string of
the overall tessellation would be hence ’010’.

A for a detailed topological study). The space sensitivity at the
Nth-order is:
√
3r
(1)
S (N ) = m · N +1
s
where m and s are the parameters of the specific SFC (see
Appendix A) and N the SFC order.
The DC resistance of the SFC can be derived [21] from the
total length of the thread (Appendix A) and can be expressed
as:
√
sN +1 3r
RSF C (N ) =
(2)
σink W t
where W , t and σink are the width, the thickness and
the DC conductivity of the ink trace, respectively. The tradeoff between the space sensitivity and the amount of required
conductor (which has an impact on the complexity and on the
cost of the SFC implementation) is dependent on the iteration
order and on the kind of SFC (Fig. 4 ). The best choice will be
the curve with the minimum overall length, thus minimizing
the amount of conductive ink. For instance, by considering
S/r ≤ 0.1, the third order Gosper curve is slightly more
convenient than second order Fukuda.

Figure 4. Normalized space sensitivity (with respect to the hexagon side)
versus normalized curve length of Gosper and Fukuda-Gosper II of some
iteration orders.

Mill [23]) will spontaneously sinter at ambient temperature.
The DC conductivity of the ink is σDC ' 1·107 S/m (surface
resistance: RS = 0.22 Ω/sq), while the RF conductivity, due
to composite nature of the ink and the residual presence of
non-conductive materials after the spontaneous sintering, was
found [22] to be σU HF = 3.3 · 103 S/m (for a single print
deposition). First experimentation involved a PET (Polyethylene terephthalate) sheet (thickness: 135 µm; permittivity and
conductivity: P ET = 2.3, σP ET = 0.001 S/m) by Mitsubishi
Paper Mills coated by PVA (Poly Vinyl Alcohol) as printing
substrate. Fig. 5 shows magnified details of a printed Gosper
curve. The critical issue with this low-cost process is the
non-uniform spread of the deposited ink droplets inside and
outside the main trace so that, in high-orders SFC (closer
traces), they could affect the input DC resistance (RDC ) of
the curve. Indeed, the applicability of SFC as crack detector is
constrained to achieve high contrast of the input DC resistance
of the curve, as seen from the anti-tamper chip port, when
the SFC status changes from short circuit (no defect) to open
circuit (defect occurred).

III. I NKJET P RINTED S KINS
A possible fabrication of the space-filling RFID-skin involves the conducting inkjet printing process thanks to its
capability to produce complex shapes and to deposit ink even
onto non-planar surfaces. A preliminary experimentation involved a low-cost printer (Brother MFC-J5910DW) with selfsintering ink [22]. The advantage is that post-manufacturing
curing is not required as the silver nano ink (Mitsubishi Paper

Figure 5. Details of an inkjet-printed Gosper (N = 2) curve. .
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Tab. I resumes the estimated (from (2)) and the measured
DC input resistance (by using a Fluke meter) in case of a
short circuited SFC (RSC ) of size r = 45 mm and increasing
orders, as well as in case the same curves were interrupted
in the middle (ROC ) by a small scratch. Due to the intrinsic
electric loss of the ink, the short-circuit resistance increases
(nearly triplicates) along with the order of the curve, i.e.
for overall longer traces. These values have to be compared
with the threshold resistance of the anti-tampering port (VDD
and OUT pins) of the RFID chip. With reference to the
NXP UCODE G2iM+ chip2 that was used as reference for
the first experimentation (as described next), the tampering
circuit is considered closed (alarm flag = 0) when the port
resistance is RSC < 2 M Ω, while instead the circuit is
considered interrupted (alarm flag = 1) when RSC > 20 M Ω.
Accordingly, the measured resistances in Tab. I reveal that
all the considered Gosper curves are compliant with the antitamper RFID IC.

a)

b)

Table I
E STIMATED AND MEASURED DC INPUT RESISTANCE OF THE PRINTED
G OSPER SFC (r = 45 mm) IN CASE OF SHORT- CIRCUIT AND
OPEN - CIRCUIT LINE .
N
2
3
4

length [m]
0.60
1.40
3.86

SC [kΩ]
Rest
0.5
1.3
3.3

SC
Rmeas
[kΩ]
0.7
1.6
3.6

OC [MΩ]
Rmeas
>2000
>2000
>2000

IV. E XAMPLE OF A SINGLE - CELL CRACK DETECTOR
The proposed idea is here preliminary demonstrated with
reference to a second-order (N = 2) Gosper cell of radius
r = 45 mm, space sensitivity S = 12 mm and overall
length C = 1.39 m. The RFID module for the backscattering
communication with a remote reader is a dipole made of
copper wire (100 µm diameter) (Fig. 6.a) and including the
NXP UCODE G2iM+ chip as above. The SFC terminals are
connected to the anti-tamper port of the IC by means of two
trace extensions (Fig. 6.b). Both SFC and antenna are assumed
to be deposited over the PET substrate as above.
A. Simulated RF performance versus crack position
As the dipole is expected to be electromagnetically coupled
with the SFC, acting as a parasitic lossy element, it is worth
evaluating the robustness of the communication performance
of the overall device in case of the occurrence of a defect. At
this purpose, the device was numerically simulated by CST
Microwave Studio. The model also accounted for the nonideal isolation between the anti-tamper (VDD) and the RF
ports (OUT) of the IC [24] by means of the RC network
in Fig. 6.c. The presence of a crack is here modeled as an
open circuit in the SFC trace at seven positions of increasing
equal curvilinear distances from one of the terminals (Fig.
2 power threshold: P
chip = −17.5 dBm; input impedance accounting for
the strap module: Zchip, = 21.2 − j159.7 Ω.

c)
Figure 6. a) Antenna layout, for interconnection with the Gosper SFC,
suitable to backscattering communication in the 860-960 MHz and b) overall
arrangement. c) Equivalent circuit to account for the RF coupling between
the antenna and the anti-tampering port of the chip (values: R1 =3136.7 Ω,
R2 =971.2 Ω, C1 =939 fF, C2 =469 fF).

7). Each open-circuit produces a perturbation of the current
pattern not easily related to the position of discontinuity. The
resulting impact on the communication performance of the
dipole is quantified through the variation of the peak value
of the realized gain (G̃peak ) along the normal axis of the
printed sheet and of the corresponding frequency (fpeak ) with
respect to the unperturbed SFC (G̃peak = −0.8 dBi, fpeak =
897.2 M Hz). The scatter plot of Fig. 8 shows that even in the
worst cases (configurations 2, 3 and 7) the frequency shift
of the electromagnetic response does not exceed 15 M Hz
and the gain degradation is less than 2.5 dB. Accordingly,
the communication performance of the sensing skin can be
considered only moderately affected by the occurrence of
surface defects.

B. Prototype and measurements
A prototype of the RFID sensing skin is shown as inset
in Fig. 9.a. The inkjet printed SFC was bounded to the strap
module (anti-tampering ports VDD-OUT) of the tag by means
of conductive epoxy glue. Measurements of the realized gain
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a)

c)
Figure 7. Simulated currents over the SFC in presence of open-circuits at the
indicated position (circles).

b)
Figure 9. Simulated and measured realized gain of the meandered wire dipole
connected to a a) short-circuit second-order Gosper curve (in the inset) and
b) to the same curve but now interrupted in the center by a thin scratch

V. E XAMPLE OF T ESSELLATION
Figure 8. Scatter plot of the the variation of the realized gain peak and of
the corresponding frequency of the arrangement in Fig. 7 with respect to the
unperturbed (no crack) SFC (G̃peak = −0.8 dB, fpeak = 897.2 M Hz ).

were performed by means of a custom set up (comprising a
ThingMagic reader and a calibrated patch antenna according to
the turn-on method [25]) in both the reference condition (shortcircuit SFC) and in case of SFC interrupted in the middle
by a 86 µm scratch, that is nearly invisible by eye. Results
are in full agreement with the corresponding simulations, thus
corroborating the models. By the achieved value of the realized
gain, the status of the skin might be read up to 10 m, at the
peak frequency of 900 M Hz, in case of an interrogation power
EIRP = 3.2 W .

In a second experiment focused on the tessellation, the
antenna shape was engineered to wrap the external profile of
the SFC, therefore making cells fully complementary. For this
purpose, a first order Fukuda curve was considered.
A. The wrapped antenna
The wrapped antenna (size in Fig. 10.a) is a T-mach dipole
layout that was optimized for the integration with the Fukuda
cells. The antenna was manufactured using two different
methods. The first version was printed on PET substrate
with the same conducting ink as for the SFC, while the
second one was made of 80 µm copper wire deposited on an
adhesive substrate, then connected to the rest of the sensor. A
comparison between the manufactured prototypes highlights
that the full ink-jet printed wrapped antenna exhibits much
worse performance in terms of realized gain, that is 10 dB
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lower at 900 M Hz than the one of copper-made dipole. This
is mainly due to the poor conductivity of the ink, w.r.t. copper.
Furthermore, if compared with the absence of the SFC, a
second side effect is given by the closer proximity, than
the previous straight-dipole prototype, between the conductive
skin and the radiating element, that leads to adverse electromagnetic coupling between the radiating element and the skin
(realized gain degradation of 5.5 dB). In this configuration, the
skin might be read in the UHF RFID band (Fig. 10.c) up to
3.5 m (copper dipole) or 1.2 m (inkjet printed dipole) in case
of an interrogation power EIRP = 3.2 W . Improvements
to the full inkjet printed layouts are however expected by
relying on professional printers with high-conductivity inks
and capable to produce sharper and denser traces.
Figure 11. Tessellation of a 3D-printed ABS pipe elbow wherein both the
three SFCs and their dipoles were all manufactured by thin grooves filled by
silver paint.

The performance of the sensor-equipped pipe is here discussed by the help of an experimental campaign involving
several positions of the scratches (roughly 80-100 µm thickness) emulating cracks within different cells and also cracks of
different lengths (3 - 11mm) simultaneously breaking multiple
cells. Measurements of the read distances were collected for
an emitted power of 3.2 EIRP at 927 M Hz on the horizontal
plane along eight equally-spaced angles (45° steps). Overall,
168 measurements were performed corresponding to the seven
cracks configurations in Fig.12a, labeled (see Tab.II) by the
three-digits integrity string returned by the tags.

a)

Table II
C ONFIGURATIONS OF CRACKS FOR EXPERIMENTATIONS .

b)

c)

Figure 10. a) Example of wrapping dipole antenna plus a T-match for lowprofile integration to a Fukuda curve. b) Simulated (solid and dotted traces)
and measured (markers) realized gain for three configurations with copper
and inkjet printed wrapped dipole. c) corresponding maximum read distance
for to 3.2 W EIRP.

B. Application on 3D-object
The surface tessellation is demonstrated with reference to
a 3D printed ABS pipe (ABS = 1.8, σABS = 0.001 S/m)
wherein three adjacent SFCs and their wrapped dipoles were
included as thin (width = 0.25 mm, depth = 0.40 mm)
grooves, directly during printing. Then, grooves were filled
by conductive silver paint (RS PRO 186-3593, resistivity
ρ = 0.001 Ω − cm) sintered at room temperature. Finally,
the ICs were glued on the pipe by means of conductive epoxy
glue, Chemtronics CircuitWorks® CW2400 (Fig. 11.a).

1
2
3

status string
000
010 (s)
010 (d)

4
5
6

100
001
110

7

111

description
healthy pipe, no defect
5mm scratch (A) within cell #2
as above with additional 2mm scratch
(A,B) within cell #2 in a second point
3mm scratch (D) within cell #1
5mm scratch (E) within cell #3
11mm scratch (C) interrupting cell #1 and
cell #2 simultaneously
3mm to 5mm scratches (A, D, E)
interrupting all the three cells.

Measurement outcomes are summarized in Fig.12.b. It is
clearly evident that even in this complex non-planar arrangement, the SFC-based monitoring system is sensitive to the
several considered crack configurations, i.e. the reader received
the expected status strings thus localizing the cracks. Due
to the curved shape of the object, the angular responses
of the three antennas, viz. the realized gain and hence the
maximum read distance, are however highly un-isotropic and
mutually affected by the specific interruption of the sensing
SFCs. Measurements show that for several combination of
integrity status and observation angle, the reader could miss
the data from some tag (the pattern-filled pixels in Fig.12.b).
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For the configurations marked in green, however, all the three
tags provide a useful response up to 0.5 m -1 m along the
same observation angle. For example, by interrogating the
pipe from the direction φ = 90◦ the reader was able to
simultaneously collect the response of all the three tags for
five over the seven considered of cracks. Moreover, for any
crack configuration (look at the matrix by rows) there exists
at least an interrogation angle for which the response of all
the three tags can be correctly received. A rigorous modeling
of the electromagnetic response of the structure, accounting
for the inter-antenna electromagnetic coupling, would require
the application of the RFID Grid theory [26] but it is beyond
the scope of this paper. Anyway, it is however worth noticing
that the angular variability of the returned power does not
prevent the uniqueness of the crack monitoring as it fully
relies on the binary response that is instead insensitive to the
observation angle. The practical consequence is that a robust
monitoring of the structure integrity requires, at least for the
considered curved object, to hover the reader’s antenna around
the target, either manually if an hand-held device is used, or
automatically in case of an industrial robot, in order to read
the data from all the SFC cells.

a)

VI. C ONCLUSIONS
Space Filling Curves, and in particular the Gosper/Fukuda
family, were found to be an effective nearly weightless tool
to control the spatial resolution of defect detection with just
two parameters (external size and iteration order). The synergy
with the assessed Radiofrequency Identification platform, having designed an antenna tightly wrapped to the SFC, permits
to univocally identify and localize the defect in a large surface
provided that multiple SFC cells are arranged in a puzzle-like
geometry.
In the preliminary experiments, despite of the modest quality of the used low-cost self-sintering inkjet printing procedure,
the achieved resistance of the printed trace is nevertheless
low enough to let the anti-tamper chip discriminating an open
circuit skin (a surface defect) from a short circuit one (healthy
surface). The experimented radiation performance for the case
of both planar and curved objects is affected by the quality
of the conducting paints used to fabricate the sensing curves
and, above all, the wrapped dipoles. In the worst case (fully
painted system with low-performance inks over a plastic pipe)
the achieved reading distance (0.5 m−1 m) is compatible with
a manual inspection (by using an hand held reader) or even
with a reader-equipped small robot or a MAV (Micro Aerial
Vehicle) moving in an industrial environment [27], [28]. More
advanced manufacturing techniques could enable the direct
printing of the skin onto a curved object [29] and even inside
the object itself [30] thus becoming integral part with this.
It is finally worth highlighting that the proposed crackdetection mechanism, unlike conventional techniques based
on the frequency shift of the antenna response produced by
a crack, is independent on the specific material of the object
under test. Indeed, the SFC electrode is interrogated by the

b)
Figure 12. a) Exploded view of the sensing grid and indication of the seven
configuration of cracks for tests. b) Experimentally derived read distances
of the three SFC tags at 927MHz forming the sensing grid over the pipe.
The seven different configurations of cracks are labeled by the status string
returned by the tern of tags. Pattern-filled pixels mean an absence of response
at that angle.

RFID microchip in DC with no radiation effect. The electrode
response is hence only due to the interruption of the galvanic
continuity of the SFC produced by the formation of a crack.
The method can be therefore applied to pipes filled with high
dielectric liquids and even to metal objects like biomedical
prosthesis to wireless detect micro-cracks [31] before the
occurrence of a more severe failure. Of course, the radiating
element of the device has to be wisely selected for the specific
application. For example, metal objects or plastic pipes filled
with water will require tag antennas different than the dipoles
considered in the Section V. Ad hoc designed patches or loops
with dielectric spacer (as in [34]) can in this case minimize
the electromagnetic interaction with the object and guarantee
an optimal communication link.
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A PPENDIX
A. Topological properties of SFC
A SFC is univocally described in terms of initiator (dI ) and
generator [32] (Fig. 13.a). The initiator is the starting path that
coincides with the distance between the start and the end point
of the curve and accordingly defines the size of the cell. The
generator is a collection of scaled and rotated copies of the
initiator following SFC-specific rules. The smallest segment
length at the Nth order is denoted with d(N ). Each SFC is
moreover singled out by the scaling factor s so that at the
0th order each segment of the generator is down-scaled by a
factor s3 compared with the length of the initiator. Then, in
the first order, each segment of the previous generator becomes
the initiator for a new down-scaled generator and so on. Each
iteration generates therefore s × s scaled generators for each
segment of the “father” generator. At N-order iteration, the
length of a single segment of the SFC is hence:
d (N ) =

dI
dI 1
· N = N +1
s s
s

(3)

the curve can be derived in terms of the maximum number
m4 of contiguous triangles [33] that are not intercepted by the
defect. The space sensitivity can be written as:
S (N ) = m · d (N )

(4)

Any crack longer than S (N ) will then surely cause the
interruption of the curve and it will be accordingly detected
by the anti-tampering facility of the RFID chip. The length
C(N ) of the overall contour is the sum of all the segments of
the curve and is expressed as:
C (N ) = s2(N +1) · d (N )

(5)

where the first factor is the number of segments forming
the curve5 .
Gosper/Fukuda SFC can be moreover roughly inscribed into
a regular hexagon (Fig. 13.c) enveloping the SFC cell. It√ is
easily verified that the side r of the hexagon is r = dI / 3.
Accordingly, the space sensitivity and the overall length can
be also referred to size of the cell through (3, 4, 5).
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