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«  The BIM concept envisages virtual
construction of a facility prior to its
actual physical construction

« Sub-contractors can input information
with opportunities to pre-fabricate
some systems off-site

« Use of BIM extends throughout the
building life cycle

* Incorporate dynamic information
such as sensor measurements
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|dentification:
track individual prefabricated blocks

Localization:
control correct place of installations

Sensing:
observe curing processes and
lifetime monitoring of stress & ageing
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Lifetime of building = 30+ years
— Batteryless solutions or ultra low power with primary battery

Sensor embedded Iin materials # air
— Robustness and adequate sensing surface needed

» Radio transmission through material # air
— Link budget must include attenuation and reflection losses

* Antennas matched to material properties = air
— Retuning under material conditions is necessary
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...but read distances for construction site often exceed HF

Reflection| Material (g, p, o)

Air (377Q) - 2dBil

) 2

: 2E
Reader | . |c ) S| Tag
26dBm | 19878 ( ( >( <§ 0/-12
< a0 dBm
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< da >e—dc—>

8.5dBic Attenuation

e.g. Flat Roof with small Gravel

Example 20 cm gravel ID Read (-12 dBm) | Sensor operating (0 dBm)
with variable water content distance da [m] distance da [m]

Air reference 4.8 1.2
Dry gravel 3.3 1.0
Moist gravel 2.8 0.8
Gravel with water level at 3.3 cm 1.8 0.5
Gravel with water level at 6.6 cm 1.5 0.4
Gravel with water level at 10 cm 1.2 0.3
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Robust chemically inert tag
e.g. Bric from Xerafy
reaches:

* Onmetal upto6 m
In air up to 4 m
* Inconcreteupto2m
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RFID Temperature/ Humidity sensor

Harvests energy from UHF field

Bent dipole with parasitic patch*

Operating distance 2 m

Embedded in Concrete

« Design is made Platform Tolerant
with additional layers

- g, of surrounding material plays now
minor role, Detuning is reduced

« Tag thickness increases to > 10 mm

*Low Profile Planar Platform Tolerant UHF RFID Tags, M. A. Ziali,
Proc. IEEE Int'l Conference on RFID-Technology and Applications, 2010



filr Angewandte Wissenschaften

The Way of Using Data Loggers Zh s,

a ZSN Zentrum fiir Signalverarbeitung

und Nachrichtentechnik




RFID or Bluetooth Technology ? aZh ER e

ZSN Zentrum fiir Signalverarbeitung
und Nachrichtentechnik

Assumptions: Read Interval > 10s, Response Time < 10s

A
RFID based sensor @
« Current consumption <500nA

* Read distance up to 8m (UHF)

BLE based sensor
 Current consumption approx. SpA ©

 Read distance is 10...20m >
Current Consumption

Read Distance

Remember Lifetime > 30 years also for the battery*
- RFID s the right choice, battery used for logging only
- RFID may be useful for BT wake-up

* e.g. Primary batteries from Tadiran PULSEPLUS or XOL serie H
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Reader-System Tag-System
--------------------------------I I -----------------------------
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ZHAW Sensor/Logger RFID Front-end based on Impinj Monza X Chip
Sensitivity:

was designed for
long-term monitoring of
temperature & humidity in Read -17dBm  -24 dBm
roof timber constructions Write -12dBm  -24dBm
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UHF Wake-up with Impinj’s Monza X Engineering
Programming Logger and o
Data Read out using = -
Wake-up from RF-Field: V4 % %/{

4L RF1 oo SGL | scLour
« Monza X is In passive mode: " W
- DC_RF_Enable Bit controls bus R 0505
* Reader writes WWU Bit to tag
« |2C Line SCL goes low for 4 ms GND
- SCL falling edge wakes-up uC I l

« Sensitivity -12 dBm due to write ‘
4— m\

RF-GENZ X RF WRITE CMD

Read Data from RF-Field:

 Monza X in active mode:
DCI supplied form uC
* Read/Write sensitivity -24 dBm 13
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based Sensor/Logger R

RFID is the best IoT connection for semi-passive sensors
or loggers with long read-out intervals but fast reaction time

« Dual-Monopole-Antenna Gr = -3 dBi
—>Independent tag orientation

« Measured Tag sensitivity of — 11dBm
- Wake-up distance* 4m
—~>Read data distance* 6m (active 8m)

« Credit card size 55 x 86mm

« Single read mode operation

« Logging mode operation Zh o ams

- Battery lifetime (CR2430) > 25 years Pelolh W3R V27
for sensing intervals > 1 hour

s

*4 W EIRP Reader with carrier suppression, sensitivity limited by tag antenna
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True Passive Real-time Sensing 4 Engineering

e.g. Strain and temperature survey in reinforced concrete

* Observation of concrete curing & &ﬂ )) BN
* Periodic dynamic stress tests over lifetime gis ez |

 Works also with other sensors '

Strain gauge module mounted
on reinforcing steel

USB POWER

)

24V DC+15%
max. 0.5 A 16
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Specifications « DC-power needed: 3 mW
« Measuring rate 100 Hz
* Credit card size sensor
* Portable reader
« Embedded in reinforced concrete

« >30 years lifetime
UHF
- 4WEIRP 2> 3mW @ d = 1m with isotropic sensor antenna
- Efficiency of rectifier 30% - 1 mW DC Power
« Distance for 3 mW DC-power calculates to 58 cm
* Antenna Loss up to 10 dB - Distance down to 18 cm
« Reflection and Absorption Loss up to 6 dB - Distance down to 9 cm

HF

« Tolerant against non metallic surroundings including water

- Main advantage: near zero reflection and absorption losses

* Needs careful optimizing of antenna design to get enough distance 17
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HF 13.56 MHz RFID...an iterative design involving many parameters

Frequency 13.560 MHz Wavelength 221 m fsb 400000 ML: 86E-09 ZTrans: 5.1E-02 Ohm Meas.distance 10 m
H-Field max 35 dBuA/m
| Qe B 0.180 N\ e Crug T L wire Lself 9.0E-07
| = - | o 1.3E-06
| Qreader 24 H-Field @ d Tag Chip Voltage 1 TX:
| TxSignal Power W 0.967 Y01 ! Nr=
Reader | 1 Wr=
1 L Voltage I
I 1.8E-11 F 190 V Lr=
I Cs : Tag
| Link Att down Modulation Index I Mreader=
| —) Antenna 34.5 dB 0.5 | e Voa n
) I Cp I reader: .
: 1 Rreader= 1534 Ohm  serie
14E-11 F 4.3E-06 H Link att up Tag Tx Subc Voltage 1 Power 8.986 mw 8834 Ohm paraliel
Reflected Signal Power | 6.1 dB -5.4 dBY 1
SaL= 312.2 mv 0.54 W 1 FCE Cail 900 nH
Signal-to-Noise Ratio / d 9.0E-07
82.9 dB RX:
Nt=
6 wi=
- L Ct Rt =
N= 224 uv YRR 500 Tag Lt
F 100 nV/sgrHz Parameters Conversion Gain due to Qreader
B= 50000 Hz CGr= -4.67596 dB
Check 10 m H-Field straight 7.2E-07 H 1.9E-10 F Conversion Gain due to Qtag
1 48E-05 234 dBus/m CGt= -10.4095 dB
Qtant 20 Approx Link Attenuation Backscatter
Note: Magnetic Field Strengh shall not exceed 42 dBuA/mat d = 10 m Qchip 8 up= 5.0E-01 coil2coil
Tag need at least 3V to operate Tag may contain voltage multiplier 6.1 dB
Signal-to-Naise ratio should he >7 dB Link Attenuation approximately valid also for d << antenna dim
- Loaded Tag Antenna: Optimum number of turns is 2

- Theoretical Distance for Sensing is 18 cm
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Microcontroller
EFM32ZG110F32
350 Q
we |, | srangee
ABS1120 : Bridge circuit

‘t_,_ ‘ R e . Embedded
T | g | I in concrete
) i RFID Chip | zh
h 4 . i MAX66242 !
_~=:-.J/ | ) : 3mW aw
f? ' 3V
e i 1 mA
l
|
|
|
|

Measured Distance for ID read 40 cm

Calculated Distance for sensing 18 cm

19

Measured Distance for sensing 15 cm
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Steel on Tag Antenna a

« Resonance frequency is shifted to higher frequencies
« Decreasing the efficiency of the energy harvesting
» Q-factor of the tuned antennas is reduced
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RFD Chip Max66242 |
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operates down to: Zh Engineering
100 mA/m for read
500 mA/m for write
« 1250 mA/m for Harvesting
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Minimum distance from
steel to the antenna

Tag antenna 5 X 5cm
with 2 turns (720 nH, Q = 20) y
Reader antenna 30 x 30cm g
(4.3 pH, Q = 24, 2 turn)

2 W Reader TX power

-> Sensing range of 15 cm
- ID Range of 40 cm

Cable to the strain L.
gauge module
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Sensor features:
« Measure mechanical stress of reinforced steel

* Wireless link (HF-RFID 1SO-15693)
« Completely batteryless
« Maximum real-time measuring rate: 100 Hz

- RFID Concept is the best for passive sensors and
opens opportunity to connect constructions to the loT

Mechanical stress while a digger drives over the bridge
T T T T T T

Time [s]
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Video - Bridge Stress Monitoring 2
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Construction 4.0 has fast growing needs for
Identification and Sensing

Tag and sensor are often embedded in material

— Careful antenna design and propagation calculation

Read distance are typically in the long range

— UHF preferred but delivers less power than HF

Lifetime > 30 Years

— RFID enables completely batteryless IoT solutions
— Batteryless wake-up through RFID for active Radio (BLE)
— Solutions with Primary battery for RFID based data logger apps

24



