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1 INTRODUCTION  

 
NTERNET of Things has seen an explosion of interest in 
recent years due to the ever-increasing connectivity of 

electronic devices, both embedded and otherwise, with 
actuators, sensors and networks. The creation of cloud 
based data storage and logic services enabled a decentral-
ized approach to network design, resulting in a series of 
industrial and commercial applications, notably, smart 
home services like Google Home and Amazon’s Echo 
product line (often called Alexa). 
 The possibility of exchanging data with various 
devices has been proven to be extremely beneficial to var-
ious areas, such as farming. Essentially, the benefit of in-
ternet of things applications can be reduced to a key point 
which is optimization of processes. These systems reduce 
production costs and resource waste using sensoring da-
ta. In addition, accurate data collected improves the deci-
sion-making of farmers (and, potentially, any machine 
learning logic implemented). Examples of internet of 
things applications in agriculture include smart equip-
ment [1], livestock monitoring, conservation monitoring 
[2] [3] [4], plant and soil monitoring for precision agricul-
ture. [2] [3] [5] [4] 

The application of IoT to the area of agriculture has 
been made through three main approaches: the collec-
tion, manipulation and learning from remote sensor 
data, remote actuation based on information processing 
and the use of drones for precision agriculture. Focusing 
on the integration of the first two approaches, an inter-
net of things based ‘smart’ (automated) greenhouse pro-
ject was designed. 

2 OBJECTIVES 

The objective of this project was, primarily, to develop 
an infrastructure capable of being able to provide sensor 
data in real time and the ability of performing remote 
actuations, both programmatically (through time schedul-
ing, cloud-based computer logic, machine learning, etc) 
and manually. Another key concept behind the choice of 
an automated greenhouse was not only the relevance to 
the current trend that is the implementation of smart 
farming, but also scalability. A small greenhouse provides 
an adequate environment to develop a communication 

infrastructure that could be scaled to industrial size appli-
cations, such as large greenhouses or extensive crop 
fields. 

3 OVERVIEW 

From a high level, the application developed pro-

vides the user with a customizable, user-friendly interface 

to view sensor data and perform actuations remotely. The 

sensor data is transmitted from the sensors to a central 

unit through the use of Bluetooth low energy (BLE) tech-

nology in addition to the latest version of the IPV6 inter-

net protocol to create a wireless personal area network. 

This communication infrastructure is referred to as 

6LoWPAN, an acronym made from the amalgamation of 

IPV6, low power and wireless personal area network. The 

protocol used to transmit the data packets from the sen-

sors to the gateway and, subsequently, to the cloud was 

the MQTT protocol. 

The sensors were simulated with Nordic Semicon-

ductor’s NRF52DKs and Thingsboard was used as the 

customizable, user friendly interface, gateway and cloud 

based service. The actuators were also simulated using 

NRF52DKs and, therefore, such devices acted as both 

publishers and subscribers in the MQTT communication 

protocol context. In the application level, the communica-

tion between Thingsboard and the devices was per-

formed through the use of the two-way remote procedure 

calls (RPC) capabilities. 

4 CONTEXT AND MOTIVATION 

One of the main problems of the smart greenhouse and 

agricultural context in general is that the infrastructure is 

installed in remote locations and the system typically co-

vers an extensive area. The choice was made, therefore, to 

decentralize the logic, moving to a cloud-based one. This 

was done through a Javascript JSON file, which was re-

sponsible for the processing of the received data (by the 
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NRF52Dks) and the publishing of the actuation-related 

information sent, also, to the NRF52DKs. Two common 

and persistent malfunctions were also considered and 

implemented for simulation purposes: sensor interference 

(bad sensor) and actuation breakdown. 

5 SYSTEM DESIGN 

The idea was to control the above said through an in-

ternet browser using ThingsBoard but it could not be im-

plemented because of some limitations in nRF52DK, ex-

plained in the improvement section of this report. 

The data from virtual devices – A Heater, Sprinkler, 

and Wind Breaker is simulated using Math functions to 

have realistic values. 

We also included 2 malfunction simulations: 

1. Adds noise to the temperature data giving an ef-

fect of temperature sensor being broken. 

2. Simulates the Heater heating more than a maxi-

mum value causing overheat resulting in abortion of the 

heater. 

For adding the noise to the temperature data, we used 

Marsaglia polar method which is a pseudo-random num-

ber sampling method for generating a pair of independ-

ent standard normal random variables. [6] 

The calculations for simulating the data are done on the 

nRF52DK and are sent to the ThingsBoard. 

The nRF52DK runs Zephyr as operating system which 

enables it to connect to the MQTT broker (ThingsBoard). 

6 PERFORMANCE OF THE SYSTEM 

The performance of the system was measured with re-

lation to three areas: time response for the retrieval and 

processing of real time sensor data, time response of the 

logic processing and remote actuation based on the data 

received, reliability and stability of overall wireless con-

nection. A study to validate how realistic the malfunc-

tions implementations were… was also conducted. 

 The acquisition time of data was varied from 

15000 milliseconds (15 seconds) to 1000 milliseconds (1 

seconds). The time response for acquisition and pro-

cessing of data was in the order of milliseconds and did 

not seem to vary considerably with the changes in the 

acquisition time. The sending of remote actuation data 

demonstrated a temporal lag. This lag was more noticea-

ble for smaller acquisition times being, effectively, unno-

ticeable for acquisition times greater than 10 seconds. 

 The reliability of the exchange of data between 

the NRF52DK devices and Thingsboard showed satisfy-

ing results, with 0% loss of packets regardless of changes 

in the acquisition time, provided there was an active con-

nection. The stability of the connection, however, deterio-

rated with decreases in the acquisition time, making the 

overall connection increasingly unstable, resulting often 

in loss of communication between the devices. This was 

extremely frequent for acquisition times lower than 5 sec-

onds. 

7 EXPERIMENTS AND RESULTS  

The source of the connection instability was traced to 
the implementation of the MQTT code: during the MQTT 
initialization, the NRF52DK device waited for an 
acknowledgement message from Thingsboard, confirm-
ing and starting the connection and the data exchange. 
Sensor information was still being published during the 
initialization however, leading to an accumulation of 
messages in the Zephyr’s operating system internal mes-
sage queue. This often resulted in a message queue over-
flow, causing a fatal crash on the software, rendering the 
NRF52DK broken until a hard reset was performed. 
 The connection stability problem was improved 
by the addition of a semaphore during the code’s initiali-
zation stage. The semaphore blocked all publish requests, 
preventing them from being added to the message, until 
the acknowledgement message was received, and the da-
ta exchange was established. The semaphore implementa-
tion improved the connection instability problem for low-
er acquisition times and had the added benefit of remov-
ing ‘data burst’. Data burst was the rapid publishing of 
accumulated MQTT message requests when the system 
could initialize before the Zephyr’s message queue over-
flowed. 
 The actuation breakdown implementation pre-
sented no problems and worked as expected: whenever 
there was a simulated ‘breakdown’ signal, the user was 
unable to change the actuation state, which was set to ‘off’ 
regardless of user input. The sensor data information was 
contaminated with a zero-mean normal random noise of 
predetermined standard deviation. This required the im-
plementation of a normal random variable generator 
function (called ‘randn’), which was done by implement-
ing the Marsaglia polar method. This method required 
uniform random variables, which were obtained utilizing 
the inbuilt ‘rand’ function (available in the standard li-
brary stdlib.h) to generate them.  
 The normal random variable generator provided 
an interesting problem: the algorithm had iteration times 
of over 10 seconds, which was unacceptable and lead to 
timing issues with the communication protocols. The 
problem was not with the implementation of the Marsa-
glia polar method itself, but rather with the inbuild uni-
form random variable generator. The rand function uti-
lized a variable, called RAND_MAX whose value de-
pends on implementation but is typically around 214 or 
215. A change in the value of this variable to 220 resulted 
in drastic decreases in computational time for the imple-
mented algorithm, from 10 seconds to the order of milli-
seconds. It is conjectured that the reason for this is that 
the rand function is a pseudo-random function with an 
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implementation that contains some sort of bias. Such bias 
has an adverse effect for values of RAND_MAX which are 
not sufficiently high, failing repeatedly one of the condi-
tions of the Marsaglia polar method, subsequently lead-
ing to excessively high computational times. 

A problem was also encountered when multiple NRF52DK 

devices were connected to the same Thingsboard instance. The 

first device connected presented no problems, but subsequent 

devices had a connection but no exchange of data. Further in-

vestigation showed that the Thingsboard MQTT broker 

acknowledged the NRF52DK’s request, but ignored it, effec-

tively ‘losing’ the sent data. It is unclear if this problem lies 

with the Thingsboard processing of the NRF52DK requests or 

the Bluetooth connection. Repeated experiments to determine 

the source of the error resulted in extremely rare instances 

where multiple devices were successfully connected, without 

any change in code or connection method. This suggests that 

the problem is not within the code implementation, but rather 

connection issues with the Bluetooth adaptor or the Things-

board instance. The extreme unreliability of connection of mul-

tiple devices persisted as a problem throughout the system im-

plementation. 

8 IMPROVEMENTS 

The project if given more time could be improved in 
many ways out of which some are: 

1. Use of Cloud for execution 
Code execution could be passed to the cloud in-
stead of the nrf52 board. It would result in faster 
processing of the necessary function running on 
the board as the resources are very limited and 
when the simulation calculations run on the board, 
it makes it slower to push data to the cloud and 
sometimes it forces the board to stop working. 

2. Automation of devices 
Devices – Heater, Wind breaker, Water sprinkler 
could be automated according to the sensor data. 
For example, if it’s too cold then heater should 
turn on automatically and likewise turn off when 
temperature is normal. 

3. Updates from weather forecast 
If the code execution would have been going on on 
the cloud (ThingsBoard) then a bot could be im-
plemented which would take the readings from 
weather forecast and devices attached to the sys-
tem would change their working pattern based on 
near-future weather conditions. For example, if it 
is going to rain then sprinklers do not need to be 
turned on. 

9 FUTURE DEVELOPMENT 

So much work is already being done in the direction 
of IoT based Farming. ThingsBoard provides ready-to-use 
interactive dashboards specially designed for smart farm-
ing. 

In context of this project, the future implementations 
can be stated as: 

1. More control to user 

User can be provided with more features like 
mobile phone notifications on weather chang-
es, malfunctions, etc. 

2. Logging 
Logging of the devices working to create nor-
mal conditions, energy consumed, etc can be 
logged and analyzed for better planning of 
when and what kind of crops/plants to grow. 

3. Plants’ growth monitor 
Monitoring the growth of the plants using 
computer vison, and rot warning alerts can be 
useful. 

 

10 CONCLUSION 

The final project consists of 3 versions of code which 
were tested on 3 different nrf52 DKs. The reason behind 
making 3 versions was to make it easily debuggable, and 
because the nrf52 cannot run a large piece of code 
smoothly. 

Rodrigo’s version of code has temperature simulation 
and heater actuation. Likewise, Lakshay’s code has Wind 
speed simulation with Wind breaker actuation, and Ra-
dhe’s code has Soil humidity simulation with water 
sprinklers actuation. 

For simulating the sensor data, math functions are effi-
cienty used giving very real-like values. 

Although the goal which was set when started this 
project could not be reached – to connect all 3 nrf52 DKs 
together in a cloud and automate the devices through 
code executing in the cloud, we still see this project as a 
success because we were able to see the results as wanted 
and predicted. (See figure below) 

 

 
 

The figure above is a screenshot of Lakshay’s version of 

code output on ThingsBoard. It shows a temperature and 

wind speed gauge with Heater and Wind breaker run-

ning state. Along with gauges, there is also a table that 

shows the telemetry values that it receive from the board. 
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