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Abstract—This article reports a sub-GHz, 868MHz, battery
operated miniature sensor node with a fabricated helical
Printed Circuit Board (PCB) and a third party whip
antenna for Internet of Things (IoT) applications. CC1310
System on Chip (SoC), a sub-GHz family wireless
microcontroller, is used to design the system. A HDC 1050
temperature and humidity sensor is interfaced with the
microcontroller. The system has the desirable benefits of
being small and inexpensive, long battery life and capable of
long transmission range. The path loss exponent is
calculated from Received Signal Strength Indicator (RSSI)
values in two environments - free space and across concrete
obstructions. A wireless sensor network is incorporated into
a cloud platform for real time monitoring, and web

application has been developed for data display and analysis.

To validate the proposed loT system, the measured data is
compared with an independent meteorological data set from
the Indian Meteorological Department, Cyclone Warning

Centre, Visakhapatnam.

Index Terms—CC1310 SoC, environmental monitoring, loT,
sub-GHz, 868MHz

. INTRODUCTION

Current and future Internet is expected to see spurts of
data acquisition applications using Internet of Things
(1oT) and cloud computing technologies [1]. These
technologies extend the possibility of connecting remote
devices [2]. The data acquired from things, such as
sensors, is made available in a cloud environment [3].
Gubbi et al. presented a cloud centric vision for the loT
[4]. The integration of modern computing technologies
such as data mining, machine learning and development
of smart 10T systems is plausible in the near future [5].
For all the things in 10T, communication is the key factor.
The paradigm of communication should enable seamless
integration of things to the Internet. It develops new
human being-to-device and device-to-device interactions
[6]. Among the loT application domains, the
environmental monitoring receives a growing interest.
Wireless Sensor Network (WSN) platforms are used for
data acquisition in such indoor [7] and outdoor
monitoring applications. Deployment of data acquisition
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systems is challenging in both scenarios, especially for
open fields. Outdoor implementations may require large
number of sensors, longer range, reduced power
consumption and lower costs for design, deployment,
operation and maintenance of the sensor nodes. At the
same time, the nodes can be exposed to variable and
extreme climatic conditions. A reusable WSN platform is
suitable for use in low cost, long-term 10T environmental
monitoring  applications [8]. Various aspects of
implementing sensor node networks have been studied.
The data aggregation capacity of Wireless Sensor
Networks has been reported to be dependent on the
number of sensor nodes [9]. Secure interaction of sensor
networks with the Internet is critical for protection of data
against attacks. One of the implementations was using the
base-station as a secure proxy for interfacing with
network services [10]. Schemes for secure connectivity of
WSNSs with the Internet server are being developed with
focus to reduce cost and energy consumption [11].
Wireless networks with minimal hardware and
software like Bluetooth, Zighee, GSM and Wi-Fi are
useful to add things to Internet [12]-[15]. Use of GSM
and Wi-Fi has shown less energy efficiency for loT
applications but are not able to cover large areas.
Multihop wireless networks have been deployed with a
suite of networking protocols with time delay constraints
[16]. The key requirements in wireless networks are
support for multiple nodes and large area coverage. For
these requirements, the sensing devices must be small,
energy efficient and cost-effective. In the sub-GHz
spectrum, 868MHz has been used to address these
requirements [17]-[22]. 1oT sensor nodes using this
spectrum can also handle interference better and enable
the transmissions to weave between buildings in an urban
environment.  Transmission losses may become
significant upon change in the environment of the nodes.
Radio link quality estimation is known to have a
fundamental impact on the network performance and it
also affects the design of higher-layer protocols. The
three factors that lead to link unreliability are the
environment, interference and hardware transceivers. A
set of four basic metrics, packet reception ratio, received
signal strength indicator (RSSI), signal-to-noise ratio and
link quality indicator, were considered in earlier works to
characterize low-power links [23]. Due to wireless nature,
the analysis of radio propagation plays an important role
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for performance evaluation. Path Loss Exponent (PLE)
measured using RSSI has been considered by Miranda et
al. for wireless communication analysis [24]. This article
reports the design, benefits and propagation analysis of
the 10T environmental monitoring system with a
fabricated Printed Circuit Board (PCB) and a third party
whip antenna operating at 868MHz. For the transmission
range analysis, two environments — free space and in-
building were chosen. The PLE is calculated from
measured RSSI values.

The remaining sections of this paper are organized as
follows. Section Il deals with hardware, software, web
interface, antenna and other desirable features of the
deployed system. Section Il deals with the analysis of
transmission range. Section IV compares the acquired
sensor data from our system with an independent set from
Indian Meteorological Department (IMD), Government
of India.

Il. ANALYSED SuUB-GHz IOT SYSTEM

Our deployed system consists of sub-GHz board (SoG),
a sensor node and a gateway. The sub-GHz board is
developed using CC1310 SoC (system on chip), a sub-
GHz family wireless microcontroller. The sensor node is
a combination of sub-GHz board and a small sensor
board to interface sensors. For our present study
temperature and humidity sensors were considered. The
gateway is a combination of sub-GHz board and
Raspberry Pi 3 (RPi3).

A typical wireless gateway-sensor network deployment
scenario is shown in Fig. 1. Our wireless gateway-sensor
network is deployed with two sensor nodes and each is
interfaced with digital sensors for temperature and
humidity measurement. In order to reduce the power
consumption, the sensor board collects the sensed data
every minute and returns to sleep mode. The nodes
broadcast collected data through Radio Frequency (RF)
interface to gateway using 868MHz. The gateway
receives data from the nodes locally and uploads them to
the cloud. The stored data in cloud can be accessed using
a web application. Data from a particular node can be
obtained by selecting the sensor Id. Ajax java script is
used to display the web pages. A detailed description of
the used hardware and implemented software can be
found in [25].

Sub-GHz board Sub-GHz board

1)

Interfaced
sensors

Cloud
Storage

Web interface

Sensor node

Gateway

Fig. 1. Generic architecture of sub-GHz system

In Fig. 1, Sensors (like humidity and temperature) are
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interfaced with the sub-GHz board. This forms the sensor
node. Data transmission takes place at 868 MHz across
free space or concrete obstructions. This data is received
at the gateway (A RPi3 and a sub-GHz board) and pushed
to the cloud. A web interface is used to access the stored
data.

PCB antenna

Whip antenna
base

Resistor
as a switch

53 mm

Fig. 2. Sub-GHz board with CC1310 SoC.

A. Hardware

1) CC1310 sub-GHz board

CC1310 SoC is a single chip solution incorporating a
complete RF system and an on-chip direct current (DC-
DC) converter. Our sub-GHz board (Fig. 2) was designed
using CC1310 SoC which has two different advanced
RISC machines (ARM) cores on a single chip. One is
Cortex®-M3 for peripheral control and supplies internal
power to the RF core. The other core is an ARM
Cortex®-MO0 which is dedicated for the RF functionality.
The CC1310 SoC combines a flexible low power RF
transceiver and a powerful 48 MHz Cortex®-M3
microcontroller. This is done on a platform supporting
multiple physical layers and RF standards. The low level
RF protocol commands are stored in ROM/RAM, and
handled by a radio controller Cortex®-MO. This ensures
ultra-low power and flexibility. The low-power
consumption of the CC1310 SoC device does not come at
the expense of RF performance. Excellent sensitivity and
robustness is shown by CC1310. The RF section comes
with a programmable output power up to +14dBm. The
receiver sensitivity is —124dBm in long-range mode,
—110dBm at 50kbps, selectivity is 52dB and blocking
performance 90 dB. It has a single-ended or differential
RF physical interface. The advantage of this RF core is a
wireless M-bus and IEEE 802.15.4g PHY interface that
receives and transmits the RF data packets. A (G)
Frequency Shift Keying (FSK) modulation technique is
used to transmit and receive the RF packets from the
CC1310 RF core. The sub-GHz with —-95dBm sensitivity
is suitable for environmental monitoring applications [26].

2) Sensor node

The sub-GHz board can interface with external devices
using built-in interfaces. The corresponding signal pins
are extended to a 10-pin header for the interface to small
sensor board (Fig. 3). The serial peripheral interface (SPI)
interface signals are extended to 6-pin header connected
to external flash of various sizes for the local storage. For
observing relative humidity and temperature, a Texas
Instruments (T1) based HDC 1050/HDC 1080 is
considered. The sub-GHz board at the node acts as a
sensor data carrier via sub-GHz wireless communication.
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Sub-GHz board v
3%AA batteries

Fig. 3. Sensor node: Sub-GHz board with sensor.

RPi3 SOG hoard
Fig. 4. Gateway: Sub-GHz board with RPi3.

3) Gateway

The Gateway node is a combination of sub-GHz board
and RPi3 (Fig. 4). The gateway receives sensed data
through 868MHZ sub-1GHz RF interface, and sends the
received data to raspberry Pi through universal
asynchronous receiver/transmitter (UART) interface with
a baud rate 115200bps. RPi3 processes the data at
Gateway and pushes the data to cloud through message
queuing telemetry transport (MQTT) protocol over
TCP/IP. Light emitting diodes (LEDs) are used in the
gateway node to represent the reception and transmission
status of RF packets. The Gateway has 128KB of ROM
and 8KB of RAM for system operation. The device can
transmit or receive maximum of 500 Kilobytes. The
maximum data rate limit of the microcontroller chip is
4000kbps. The RPi3 uses a secure digital (SD) card
memory for its operation. 1G RAM is used to process the
code. The sub-GHz board at the gateway acts as an RF
receiver for 868MHz and transfers the data to RPi3 using
serial communication.

B. Software Description

The present system uses open source software and
operating system in addition to some in-house code for
the firmware. The interfaces were coded using readily
available tools and standard protocols. Specifically, the
following tools have been used for software development

i) Sub-GHz board firmware: Embedded C with TI

RTOS
ii) Operating system: Raspibian
iii) 10T web application and tools
e Ul: HTMLS5, CSS3 Backend: PHP
¢ Database: ORACLE
o Services: REST-API (JSON)
e Server: Apache http 2.2
iv) Messaging protocol: MQTT
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MAC Address
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Node MACID Node Location
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001240008 RTZE1 Hycaranag

Fig. 5. A snapshot of the designed web interface.

Cortex_M3
MC core

Cortex_MO
RF core

Fig. 6. Block diagram of the RF interface. The CC1310 SoC can be
interfaced with the fabricated helical PCB or the third party whip
antenna at a time.

C. Web Interface

For data accessibility in real-time from anywhere, the
wire-less sensor network is incorporated into cloud
platform. A web application is developed for data display
from different nodes located in different places. Different
IDs are set for each sensor node. Data from a particular
node can be obtained by selecting the sensor ID (Fig. 5).

The web application is designed using PHP and HTML
languages. Ajax java script is used for data request from
the database and to display the web pages. Oracle
database is used for the storage of sensors’ data, which
are received from the sensor nodes.

D. Antenna

The present system is tested at 868MHz with
fabricated helical PCB antenna and third party whip
antenna at gateway and sensor node. Our measurements
were performed with the whip and PCB antenna oriented
vertically and horizontally, respectively. The CC1310
SoC can be interfaced with either of the antennae using
resistor as a switch (Fig. 6).

1) Fabricated helical PCB antenna

A helical PCB antenna (Fig. 7) is fabricated for sub-
GHz frequency as a 2-layer PCB. During the fabrication
the important parameter considered is distance between
ground plane and antenna. The fabricated PCB-antenna
was tested with Agilent Technologies, E5071C ENA
series network analyzer for center frequency and voltage
standing wave ratio (VSWR, a numerical parameter
which gives antenna impedance matching to radio/
transmission line it is connected). An impedance
matching of 50 ohms is achieved. VSWR less than 3.8 is
a measure of its good transmission at 8368MHz [8].
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wireless sensor nodes. The sensor node in the present
system is powered through 3>AA batteries with a
capacity of 1500mAh. Battery life is computed as follows

. Battery capacity mAh
Battery life = y cap . y (1)
Load capacity mA
TOP SIDE PCB BOTTOM SIDE PCB TABLE Il: BATTERY LIFE ANALYSIS
] L Sensor type Load current Battery life

Dimensions : 82.5mm X 53mm (Digital) consumption (mA) (Days)

; ~ ; Mode 1 0.01 6250
Fig. 7. The layout of the sub-GHz board along with PCB antenna. See Mode 2 0.02 3105

Fig. 2 for the antenna.

0

3.248 +.039
82,50 + 1,00

. 1055 +012 |
26,80 = 0,30

Fig. 8. Dimensions of the third party whip antenna.
2) Whip antenna
A third party whip antenna (Fig. 8) was tested for
centre frequency and VSWR. The VSWR for PCB
antenna is 3.6558 at 868MHz and for whip antenna is
1.3715 at the same frequency.

E. Features

This system, like other IoT systems, is scalable in
terms of number of deployed transmitter and receiver
nodes. As a result, reduced size, cost and consumed
power are desirable features.

1) Size of sensor node

The SoG board with small physical size is designed.
The node size is 53mm %82.5mm.

2) Cost of the unit

As sub-GHz is opted for 10T applications; the present
node is developed with low cost. The cost of the SoG
board is approximately $17.49 (Table I). The cost is
relatively low when compared to similar 10T applications.

TABLE I: CosT OF THE SOG BOARD

Item Price (US $)
CC1310 Chip 3.10
LDO 1.99
Crystals 1.30
Active and Passive Components 4.00
Power Adapter 1.30
Outer casing 3.00
pPCB 2.80
PCB Antenna 0.00
Total cost 17.49

3) Predicted battery life
The designed sensor node is tested for its power
consumption as it is a critical issue for battery-powered

©2021 Int. J. Elec. & Elecn. Eng. & Telcomm. 128

The power consumption for two different operation
modes is tabulated in Table I1.

Mode 1: Current is measured at sensor node when the
system is in idle state. Idle state is defined as that when
sensor node is powered ON and with no sensor activated.

Mode 2: In this mode, the current consumption is
calculated when the sensor is sampling once every minute
along with RF transmission.

The designed node with no sensor activated, the
1500mAh batteries can last up to 6250 days. With
temperature and humidity sensor operating along with RF
transmission, the batteries should sustain up to 3125 days.

I1l. TRANSMISSION RANGE ANALYSIS

RSSI parameterizes the signal strength and the failure
of communication between transmitter and receiver by
their separation. RSSI values were measured using the
PCB and whip antenna. In free space (measured up to
250m) the RSSI ranged from -38 dB to —88dB and
across concrete obstructions (measured up to 20m) from
—32 dB to —94dB. The Path Loss Exponent (PLE) in
radio signal propagation is considered for assessment of
power loss in signal transmission from sensor node to
gateway. The RSSI values recorded are used to calculate
the path loss exponent. In general, path loss may occur
due to many surrounding factors such as reflection,
fading, diffraction, shadowing, etc. In all distance
dependent models, the path loss exponent is an important
parameter and is given by

Path loss = PL(do) + 10nlog10(d/d,) (2)

where PL(dy) is path loss with respect to a given
reference distance dy, d the transmitter-receiver
separation and n is the path loss exponent.

With different combinations of antenna at node and
gateway, the RSSI values obtained from 1m to 250m and
an average of 25 samples were taken at each value of d.
All possible combinations of the fabricated PCB and third
party whip antenna were considered at the transmitter and
receiver nodes to validate an acceptable performance of
the PCB antenna. It is clear from (2) that the slope of the
linear fit is the value of n. The PLE values measured
using RSSI are compared with theoretical values given in
literature. For free space the value is known to be 2 and
for concrete obstructions it is known to be between 4 and
6 [27]. For path loss assessment, the field trials were
conducted at GITAM (deemed to be University),
Visakhapatnam, Andhra Pradesh.
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A. Free Space

Fig. 9. (Top) Map of the field trial location. (Bottom) The red circles
mark the locations of receiving third party whip antenna (lower left) and
transmitting PCB antenna (upper right). The transmission takes place in

free space along the line of sight marked by the red line in the map.

Path loss exponent (free space)

10 log (d/d,)
1] 5 15 20 25 30
1]
-0 y=-2.440 x - 31,039 - y=-2.064x - 40.785 ~ y = - 1601 x - 49,621
-20+— R#=0.987 R#=0.929 R2=0.968

W PCB_Tx ——Linear (PCB_Tx)
¥ PCB_Rx ——Linear (PCB_Rx)
# PCB_Both — Linear (PCB_Both)

Signal power (dB m)

Blue Red Green
Transmitter PCB PCB Whip
Receiver Whip PCB PCB

Fig. 10. Free space transmission: Average RSSI values for the tabulated
combinations of antennas at the receiver and transmitter nodes. Linear
fits to Equation 2 are used to estimate the PLE.

Observations were taken with the gateway fixed at a
location in free space and the sensor node was moved to
change their relative separation. The test was repeated for
several distances along line of sight (LoS) from 1m to
250m. For the longest distance tested, the gateway was
placed above a thirteen storeyed building in free space
and the sensor node was placed on nine storeyed building
1.2 kilometer away from gateway. The measurement
locations are shown in the Fig. 9 (top) with the line of
sight (LoS) in red. The case of whip antenna at the
gateway and PCB at sensor node for the longest distance
tested is shown in Fig. 9 (bottom).The received RSSI
values at different instances indicated at gateway are
plotted in Fig. 10 with whip and PCB antenna
combinations. The obtained PLE value for the first
combination of antennas in Table Il is 2.439 in free
space. This was obtained by fitting Equation 2 to the
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averaged out data set of 25 samples per separation (blue
curve in Fig. 10). The second and third combinations of
antennas in Table 111 yield the values of 2.064 and 1.50,
respectively (red and green curves of Fig. 10). The
measurements were performed in a stadium with the
gateway placed in the gallery which is about 25 feet
above the ground level. The sensor node was positioned
along the ground. The radiation pattern of the helical
PCB antenna is known to be anisotropic. In this case a
change in the relative orientations of antennae affected
the PLE values significantly.

TABLE III: PLE ASSESSMENT — FREE SPACE
TX:NODE (Transmitter) RX: Gateway (Receiver) PLE

PCB Whip 2.439
PCB PCB 2.064
Whip PCB 15

Fig. 11. Gateway placed inside a room for reception across concrete
obstructions.

Path loss exponent
(Across obstructive constructions)

10 log (d/dy)
0 2 4 6 8 10 12 14
0
-10
-20 W PCB Tx —— Linear (PCB_Tx)
jg — + PCB_None — Linear (PCB_None)

50 =

60 y=-4.006x-31.411 —
70 R2=0.895

80 y = 3.849 x - 36.065

.90 R2=0.936

Signal power (dB m)

Blue Red
Transmitter PCB  Whip
Receiver Whip Whip
Fig. 12. Transmission across obstructive constructions: Average RSSI

values for the tabulated combinations of antennas at the receiver and
transmitter nodes. Linear fits to Equation 2 are used to estimate the PLE.

B. Across Concrete Obstructions

Concrete is widely known to cause significant wireless
signal attenuation depending on the formulation,
thickness of the concrete and iron or steel reinforcements.
Path loss will occur from many sources within the
building — separation, distance, reflection, diffraction,
absorption, shadowing and multipath reception. For this
scenario the gateway was placed inside a concrete room
(Fig. 11). The node is placed in different rooms, in the
same floor of the building, separated with wall thickness
of 27cm and distance measured is up to 20m. The values
obtained are plotted as shown in Fig. 12.



International Journal of Electrical and Electronic Engineering & Telecommunications Vol. 10, No. 2, March 2021

TABLE IV: PLE ASSESSMENT — ACROSS CONCRETE OBSTRUCTIONS IN A

BUILDING
TX:NODE (Transmitter) RX: Gateway (Receiver) PLE
PCB Whip 4.006
Whip Whip 3.849

From Table 1V it is clear that the designed system
works in an environment with obstructive constructions
and may be deployed in industrial, scientific and medical
setups.

IV. SENSOR DATA VALIDATION

A web application has been developed for data
recording and analysis. The application can be browsed at
http://fiberx. in/soil_iotapp/index.html. Data is fetched
from the web server and displayed on the home screen.
The most recent readings of the sensor parameters are
displayed on the web page from a selected sensor node.
To validate the measured temperature and humidity data,
it is compared with the meteorological data recorded by
India Meteorological Department, Cyclone Warning
Centre, Government of Visakhapatnam, India. It is
known that their measurements are taken according to the
World Meteorological Organization standards. The
typical values of accuracy for HDC1050 are 3% for
relative humidity and #0.2°C for temperature. Our data
was collected with the sensor node placed inside a room.
The difference in temperature measurement from the two
sources is not more than 5.04%. For humidity
measurements, the difference was up to 5.56%. The
errors beyond the accuracy of the sensors would be due to
the local variations of the measured parameters at the
sensor node location. The obtained results for
temperature and humidity are tabulated for comparison in
Table V and Table VI and plotted in Fig. 13 respectively.

Temperature vs time
31

30

—a— TEMP_IMD
——TEMP_IOT

Temperature (°C)

"9‘?"9"9"9"9"9"9"9"9"9"9"9"9"9

aﬁnﬁ@%@
"b ‘b ‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b%‘b‘b%

w“'"

Humidity vs time

5 60
E 55 =l HUMIDITY_IMD.
5 50 == HUMIDITY_SIOT
E 45
I 40
G g b B S B B B B
‘bfé)%f@,b'? @%Gﬁ@%@%@%@‘b’?%@%@%@ '9%'9%"9 f?‘bf? 'é),af_é)
BT BB BB B B BB DB B DB BB BB P
B T A T T T T b T T a7 T 67 5
YO AT W 9T o0 AT 9T 9T 97 T 0T 0T BT T AT 9T 9T D

Time
Fig. 13. Comparison of the temperature (top) and humidity (bottom)
data acquired from our loT system with that of IMD, CWC,
Visakhapatnam, India.
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TABLE V: COMPARISON OF TEMPERATURE FROM |OT SYSTEM AND IMD,
VISAKHAPATNAM, INDIA

DATE& TIME  TEMPIMD TEMP loT Error (%)
1.3.18 8:30PM 27 27.72 0.03
2.3.18 8:30PM 27.2 27.93 2.68
3.3.18 8:30PM 28.6 28.65 0.17
4.3.18 8:30PM 27.6 28.13 1.92
5.3.18 8:30PM 29 28.95 0.17
6.3.18 8:30PM 27 27.91 3.37
7.3.18 8:30PM 26.2 26.04 0.61
8.3.18 8:30PM 27 26.07 3.44
9.3.18 8:30PM 27 26.56 1.63
10.3.18 8:30PM 27.8 27.61 0.68
11.3.18 8:30PM 27 28.09 4.04
12.3.18 8:30PM 27.8 28.06 0.94
13.3.18 8:30PM 30 29.77 0.77
14.3.18 8:30PM 27.8 28.72 331
15.3.18 8:30PM 27.8 29.2 5.04
16.3.18 8:30PM 28 27.25 2.68
17.3.18 8:30PM 28 28.65 2.32
18.3.18 8:30PM 27.6 28.74 4.13
19.3.18 8:30PM 27.8 28.96 4.17
20.3.18 8:30PM 28 29.1 3.93
Mean 27.71 28.1055

Note: The p-value is 0.186538. The result is not significant at p<0.05

TABLE VI: COMPARISON OF HUMIDITY FROM IOT SYSTEM AND IMD,
VISAKHAPATNAM, INDIA

Date & time Humidity IMD  Humidity loT  Error (%)
1.3.18 8:30PM 46 46 0
2.3.18 8:30PM 68 67 1.47
3.3.18 8:30PM 54 51 5.56
4.3.18 8:30PM 59 56 5.08
5.3.18 8:30PM 52 51 1.92
6.3.18 8:30PM 81 78 3.7
7.3.18 8:30PM 65 61 6.15
8.3.18 8:30PM 84 82 2.38
9.3.18 8:30PM 78 74 5.13
10.3.18 8:30PM 77 75 2.6
11.3.18 8:30PM 77 76 1.30
12.3.18 8:30PM 76 73 3.95
13.3.18 8:30PM 70 71 143
14.3.18 8:30PM 76 74 2.63
15.3.18 8:30PM 86 82 4.65
16.3.18 8:30PM 86 84 2.33
17.3.18 8:30PM 57 56 1.75
18.3.18 8:30PM 79 77 2.53
19.3.18 8:30PM 82 80 244
20.3.18 8:30PM 82 81 1.22

Mean 71.75 69.75

Note: The p-value is 0.603637. The result is not significant at p<0.05

The data obtained from the designed system and
recorded meteorological data by India Meteorological
Department, are subject to statistical analysis. Anova test
is applied and results show that the difference between
two measurements is not statistically significant rejecting
the hypothesis that they are significantly different.

V. CONCLUSION

In conclusion, we have successfully validated an 10T
system at 868MHz with combinations of a fabricated
low-cost helical PCB antenna and a third party whip
antenna with cloud access. Our system is power efficient
running on 3xAA batteries for about 3125 days and can
be used for communications up to 1.2 km in free space
and at least 20m in buildings across obstructive concrete
walls. The PCB antenna with its small size can be used
effectively in applications with size constraints as in
medical fields. Other applications with relaxed size
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constraints, a whip antenna can find a use. This should
serve as a prototype for loT applications in the unlicensed
and rather less used frequency of 868MHz.
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