
 

 

Abstract — Internet of Things will enable many interesting 
applications, facilitating simple and efficient interaction between 
the physical and the digital worlds. In this paper, we present an 
IoT based application: a led lamp controlled by the students' 
satisfaction in a classroom. The lamp is a grid of LEDs controlled 
by a Raspberry Pie, enabling visualization of various images due 
its large spectrum of colors. The Raspberry Pie acts as a LED 
lamp gateway, registers the lamp with an IoT Resource Directory 
and enables interaction with the lamp using CoAP protocol. 
Besides the ability to visualize the student’s attention, the lamp 
can be also used for making the right atmosphere in the room by 
using smartphone; mail notifications, alarm, or even for 
visualizing brain activity if connected with appropriate devices. 
Detection of the students' satisfaction during a lecture is done 
based on a neural network classifier trained on 30 lectures. The 
system recognizes interesting and not interesting lectures and 
visualizes it using the LED lamp. 
 

Index Terms — Smart Classroom, Internet of Things, LED 
lamp, CoAP 
 

I. INTRODUCTION 

HE number of devices that we use every day and more 
generally, the number of devices available in our everyday 

environment is rapidly growing: PCs, tablets, mobile phones, 
game consoles, cameras, smart watches, smart jewelry are just 
some of the examples. The majority of these devices are 
equipped with one or more communication interfaces enabling 
interaction with devices or between the devices. The concept 
that aims to facilitate simple and efficient discovery of 
available devices, interaction with them and their integration 
into larger information system is called Internet of Things 
(IoT) [1, 2, and 3].  
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Combining the Internet with technologies such as NFC 

(Near Field Communication), GPS (Global Positioning 
System), and various kinds of sensors, it is possible to 
transform ordinary everyday items into smart “things” which 
are able to sense and “actuate” their physical environment. 
These smart things are components of IoT. 

Potential applications of IoT are wide and diverse, 
permeating into virtually every aspect of our lives. In smart 
transport domain, vehicles report on their status and interact 
with the road infrastructure to ensure safe and efficient 
journey or transport of goods. In smart cities, waste bins report 
the level of garbage to help in optimizing collection service 
and reduce the costs; street lighting adapts light intensity 
levels depending on the presence of people and activities 
taking pace around certain lamp posts thus optimizing energy 
consumption while improving service offered to the citizens; 
parking places report when they are occupied in order to 
decrease the time drivers spend on looking for available 
parking spots, etc. Smart buildings, adapt to the activity taking 
place in different rooms by adjusting temperature, humidity, 
switching on/off lights, controlling shades etc.  

Smart classrooms can be considered as a special case of the 
smart building domain. Smart classrooms are areas built to 
enhance teaching process by responding to specific teachers’, 
pupils’ or students’ requirements, as well as to perform more 
complex processes such as listing students who are present, 
remembering the last learned lesson or starting the next 
chapter, etc. [4]. This paper presents an example of the IoT 
usage in a smart classroom built to provide visual feedback on 
the quality of lectures held there, by mapping recognized 
patterns of students’ behavior to different computer actions 
that are then displayed on the LED lamp using a 
corresponding graphic, i.e. a smiley or a sad face for 
interesting or not interesting parts of the lecture. 

The paper is structured as follows: section II presents a brief 
description of the SmartClassroom system, data annotation 
and the classifier performances. In section III, the IoT LED 
Lamp used for visualization of students’ satisfaction is 
presented. Discussion and conclusion are given in sections IV 
and V respectively.  
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II. SMARTCLASSROOM 

A neural network SmartClassroom classifier for detecting 
students’ satisfaction is developed at the University of 
Belgrade, as a part of a PhD thesis. The initial results were 
presented at the PerCom conference [5]. The classifier is 
trained using data collected during 30 lectures recorded with a 
camera and a microphone. Data annotation is done based on 
the feedback obtained from students using a mobile phone 
application. The students were asked to rate the lecture 
whenever something is interesting or not, during the lecture. A 
set of parameters were extracted from the captured sound and 
images, using 30 seconds windows that contained high 
percentage of uniform students’ votes (>90%). The following 
parameters are extracted from the sound: formant frequency, 
spectral entropy, energy, speaking activity, autocorrelation and 
the voicing rate (number of sonorant sounds - vowels per unit 
time uttered by a speaker while he is speaking).  

These parameters can be used for analyzing people 
behavior, i.e. conversation activity, influence during the 
interaction as well as for modeling behavior such as speaker 
stress, mimicry, etc. [6]. Using captured images, a structural 
dissimilarity index DSSIM [7] is calculated as a measure of 
movements of the object in the scene. DSSIM is 
representation of the structural differences between images 
and it is used for calculating average difference between 
successive images in 30 second windows. 

The extraction of sound parameters is done for 30 second 
sequences using Matlab’s [8] Bayes Network Toolbox. The 
NN classifier is trained to recognize interesting and not 
interesting context using Matlab’s Neural Network Toolbox in 
the following manner. The dataset containing sound and image 
parameters extracted with above described algorithms is split 
into three parts: 70% for training, 15% for validation and 15% 
for testing. The performance evaluation showed aggregated 
accuracy of 89.3% for recognizing classes not used in a 
process of training. 

The process of recognition is done in three phases: (1) 
students are recorded with camera positioned in the corner of 
the classroom, and sound with one broadband microphone 
positioned in the center of the classroom; (2) parameters from 
images and sound are extracted with previously described 
algorithm and used as an input for the classier; (3) the 
classifier recognizes parameters and output a number in the 0 
to 1 range. This number represents relative probability that the 
detected context is interesting or not. Analysis of extracted 
parameters for sequences labeled as  interesting and not 
interesting have shown that lectures are more interesting when 
there is less overlapping speech, noise, and movements in the 
audience and vice versa. 

III. VISUALIZATION  

The IoT LED Lamp is an energy efficient smart lamp, with 
147 RGB LEDs with 16 million colors (36W) and 49 LED 
driver chips (ws2801). The chips are driven by a very popular 
ARM based Linux embedded system, Raspberry Pi [9]. All 49 
fields of the lamp are independent and can be controlled 

separately (Figure 1).  The lamp is controlled through a SPI 
interface on the Raspberry Pi. 

 

 
 

Fig. 1.Internet of Things LED lamp 

 
The Raspberry Pi has a Wi-Fi interface that enables Internet 

connectivity as well as a DHCP server that enables direct 
communication between the Raspberry Pi and other devices in 
case local area network is not available. 

We have also implemented a CoAP [10] and a HTTP server 
on the Raspberry Pi to enable communication between the 
LED lamp and the SmartClassroom system. Both servers are 
built according to the REST principles [11], so, it is very easy 
to add a new interface to the servers and thus extend the 
functionality. 

The system works in the following manner: (1) lamp is 
registered in the Resource Directory (RD); (2) 
SmartClassroom system searches the RD for a Lamp to obtain 
an IP address; (3) SmartClassroom sends result of the 
classification to a Raspberry Pi’s IP address.  

The registration of the Lamp in the RD is done by the CoAP 
server on the Raspberry Pi that sends description to the 
Resource Directory (RD).  

The RD is created according to the CoRE group 
recommendations, using the CoRE Link Format [12] as a 
format for the description of capabilities of registered IoT 
devices and the CoRE Resource Directory [13] as the 
guideline for RD implementation. The Lamp resource 
description contains the end-point and a description of the 
resource interface, tags describing features of the lamp and the 
resource type (Fig. 2). 

 

<coap://93.86.138.103:5683>;ep="raspiCoAPServer";d="er
icsson.org", 

</light>;title="iflamp";if="i";rt="actuator";tag="light";uid=
"coapLight" 

Fig. 2.Resource Description of the IoT Lamp 

 
Finally, after starting the SmartClassroom system, the 

output of the classification is sent to the Raspberry Pi’s IP 
address obtained from the RD. The Raspberry Pi is controlling 
all 49 fields of the Lamp separately projecting the values 
above 0.5 as a smiley face and values below 0.5 as a sad face 
(Fig.3). 

 
 
 



 

 

 
Fig. 3.The communication scheme of the system 

 

IV. DISCUSSION 

Internet of Things offers a number of possibilities for future 
applications, merging social and computer sciences and 
providing more natural human to computer interaction. 
Interface of new smartphones is simple to use, even for the 
kids, because it enables more natural methods for humans to 
interact with the devices, i.e. by mapping movements of 
fingers, hands and eyes, with commands for execution. 

In this paper we have mirrored human behavior, i.e. 
students’ satisfaction, with a LED lamp visualizing the current 
level of students’ satisfaction with an ongoing lecture. 

The SmartClassroom LED lamp is one of many examples of 
how the IoT can change our environment. Smart displays are 
envisioned as an important channel for communication with 
future spaces, by managing almost all things in our room, 
house, or a city. These are well perceived with the LED lamp 
example, that beyond other, can show the current temperature 
in the room, run the VU meter that follows the music rhythm, 
be a stroboscope, timer, counter, alarm, show pictures, play 
some simple games (like Tic Tac Toe or puzzle), etc. 

We have also developed an Android application enabling 
projection of different pictures on the Lamp (Fig. 3.), or 
playing some predefined animations, games, etc. 
 

 
 

Fig.4. Different pictures on the IoT LED Lamp 

 
Smart classrooms provide an interesting technical solution 

that does not necessarily guarantee improved student learning. 
The purpose of developing the IoT LED Lamp was to leverage 
the existing technologies in the classroom and to provide 
lecturers feedback about the students’ satisfaction with the 

ongoing lecture thus providing measurement based 
information that the lecturers can combine with their own 
perception to improve the overall quality of presentation. 

V. CONCLUSION 

The IoT has become the main topic in many science as well 
as industry researches in recent years, shaping the future of 
modern technology. People who live in urban areas are 
already surrounded by smart objects, and it may be expected 
that the majority of everyday things will soon become 
connected to the Internet. The most powerful IoT applications 
for sure will be those recognizing human actions, behaviors 
and wishes. This will only be possible by merging different 
areas of science as well as science with the top industry 
applications. In this paper we have utilized an IoT device to 
map certain aspects of human behavior with computer actions 
that can be further utilized in many different scenarios. Using 
the IoT LED lamp, lecturer can in almost real-time monitor 
the level of students’ attention; other students can be alerted 
when the lecture started, ended, or is becoming really 
interesting; different classrooms can share information 
enabling lecturers to compete between each other to provide 
more interesting lecture which can make the process of 
presentation more interesting and even entertaining.   
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