International Core Journal of Engineering Volume 9 Issue 10, 2023
ISSN: 2414-1895 DOI: 10.6919/ICJE.202310_9(10).0011

Design of Energy-Saving System for Classroom Lighting based on
Jetson Nano Starts Here: Please Center

Jiaxing Xu?, Ziang Mab, Wencheng Wang¢, Ruilin Haod, and Chang Yange

Department of Mechanical Engineering, Hebei University of Water Resources and Electric
Engineering, Cangzhou, 061001, China

a2608841560@qqg.com, Y929399068@qqg.com, 576869677 @qq.com, dhaoruilin @163.com,
€3268145163@qq.com

Abstract

A classroom lighting energy-saving system based on Jetson Nano is designed to address
the issues of long-term lighting and waste of electrical energy in college classrooms.
Firstly, hardware environment of the Jetson Nano system is established, and the system
hardware construction is completed by selecting, assembling, and wiring controllers.
Secondly, the classroom lighting system is controlled by switch buttons, and human
infrared sensors are installed at the front, middle, and rear doors to assist in controlling
the lighting. Thirdly, a photosensitive resistor sensing external light is used to control
classroom lighting. Finally, YOLO algorithm is used to identify human activity and
control some lights. The system can identify human activity areas through cameras and
light up classroom lights in a regional manner. The classroom lighting is able to manually
controlled to compensate for the problem of the camera being unable to capture
character information when the lighting is insufficient. Classroom lighting is
simultaneously controlled based on external light intensity. This system can effectively
save electricity, reduce energy consumption, reduce the workload of classroom
administrators, and improve classroom management efficiency.
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1. Introduction

All manuscripts must be in English, also the table and figure texts, otherwise we cannot publish your
paper. A serious waste of electricity exists in many college classroom lighting system, most rely on
manual classroom lighting management. It appears all lights on with nobody or few people, or lights
are still on during the day.

Lighting energy saving is conducive to the realization of carbon peak and carbon neutrality. As a
place for teaching and educating people, the power consumption required by teaching in colleges and
universities is also very surprising. Because the intelligent control system of classroom lighting in
Chinese colleges and universities is not scientific and perfect, and the waste of lighting resources is
relatively serious, the design and research of intelligent control system of classroom lighting in
Chinese colleges and universities is particularly important [1].

Researchers at home and abroad have carried out a lot of research on intelligent lighting related
technologies, and achieved a lot of results. Liang Peiying [2] designed an intelligent control system
for classroom lighting based on single chip microcomputer, which takes human presence signal as
the input parameter and decides whether to turn on the light according to the light intensity in the
classroom. After the single chip microcomputer turns on the light, it enters the automatic dimming
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state until the brightness in the classroom reaches the predetermined value of the classroom brightness,
thus satisfying the compatibility of automatic and manual control. Ou Haiyan [3] designed a infrared
sensor to detect the presence or absence of people and control the lighting in time, thus reducing the
waste of electric energy. The intelligent control device of indoor lighting designed by Zhong Jingyu
[4] has complete functions, but the cost is high, the construction is difficult, the operation is
complicated in practical application, the failure rate is high, and the maintenance is difficult. Wang
Yi [5] designed an intelligent control system for classroom lighting based on the pyroelectric infrared
induction principle and STM32, and used pyroelectric infrared sensors to detect infrared changes in
the human body and automatically control indoor lights. Kong Qingqing[6] designed the wireless
intelligent lighting control system of lecture theatre based on LoRa wireless network, illumination
detection, pyroelectric infrared personnel positioning and other multi-information, multi-node and
distributed, and realized energy-saving control of lecture theatre lighting. Guo Zhan[7] proposed a
multi-information fusion algorithm combining BP neural network and improved genetic algorithm
for intelligent lighting control system. Through simulation, the algorithm was compared with BP
neural network algorithm optimized by genetic algorithm, BP neural network and genetic algorithm,
so as to verify the superiority of fusion algorithm. Yang Yongpeng [8] chose Faster RCNN neural
network as the classroom human body detection model, designed and trained the classroom human
body region positioning model, and finally built the hardware model of a single classroom, tested the
intelligent lighting system, and realized the lighting control. Li Zhaoze [9] designed a smart power-
saving management system based on cloud platform. STM32F103ZET6 was the main control chip,
and the collection of electrical equipment status and environmental information was realized based
on ZigBee technology, and the Wi-Fi module realized information interaction with the cloud platform,
and then accessed the cloud platform through mobile APP. Realize the remote monitoring and control
of electrical equipment. Wen Lin [10] proposed a classroom lighting control system based on PLC,
which adopted a grouping and time-sharing control scheme, took Siemens CPU224 as the main
control core, dynamically detected the lighting situation and the number of people in the classroom
through infrared sensors and light sensors, and formulated corresponding control strategies according
to different periods. After the transformation, the energy saving of small classrooms was about 20%,
and that of large classrooms was about 30%.

To sum up, most studies achieve classroom lighting control through single-chip computers, infrared
sensors, PLC, STM32, ZigBee and other ways, but they can not achieve regional lighting according
to the location of personnel. In this paper, a classroom energy-saving lighting system based on Jetson
Nano is designed. With cameras, photoresistors, infrared sensors and other devices, the model is
trained to recognize the location of the active personnel and control the lighting by the location
information area to achieve energy-saving effects.

2. Overall Design
2.1 Overall Block Diagram
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Fig. 1 Overall block diagram

The classroom lighting system controls 6 fluorescent lamps, and uses 6 switch buttons to manually
control the lighting of 6 fluorescent lamps in manual mode. In automatic mode, the Jetson Nano
automatically controls the lighting of 6 fluorescent lamps. Infrared sensors are installed in the front,
middle and back doors to make up for the lack of light, and the camera cannot identify human activity.
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With a photoresistor, the LED lights are controlled according to the natural light intensity. The camera
takes pictures and transmits the results to the Jetson Nano, and the Jetson Nano runs the program for
target detection. The overall block diagram is shown in Fig.1.

2.2 Design Flow Chart

The classroom lighting system is divided into manual mode and automatic mode. In manual mode,
the classroom lighting is controlled by the switch button. In the initial state, the daylight light is
pressed once, and the fluorescent light is extinguished again. In automatic mode, the photoresistor is
used to sense the external light. When the external light is strong, the camera does not recognize
human activities; When the outside light is weak, the camera detects whether there is human activity:
when someone is active in the designated area, the light above the personnel is lit, and when there is
no human activity in the designated area, the fluorescent light above the classroom is extinguished.
The front, middle and back doors are equipped with infrared sensors to sense human activity and
make up for the situation that personnel cannot be collected when the light is dark inside the classroom.
When the infrared senses that there is human activity, turn on all the lights to capture the active person
and provide light for the camera's photo recognition. The design flow chart is shown in Fig. 2.
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Fig.2 Design flow chart

3. Hardware Platform Construction

The controller platform is set up by connecting Jetson Nano, GPIO T-board, LCD, power supply,
mouse, keyboard and on-board camera. The controller platform is shown in Fig 3.
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Fig.3 Controller Platform

6 LED lights are used to simulate 6 fluorescent lights in the classroom, and 6 switch buttons are used
to manually control the LED lights. Infrared sensors are installed on the front, middle, and back doors
respectively. The three infrared sensors are connectted to the GPIO T-shaped board to control the
lighting. Ambient light intensity is detected by external photoresistor module, and onboard
potentiometer are used to adjust its sensitivity, rotated clockwise to increase sensitivity and increase
detection range. The signal terminals of the LED light are connected to the G17, G16, G13, G12, G6,
G5 of the breadboard respectively, the signal terminals of the switch button are connected to the G18,
G19, G20, G21, G22, G23 of the breadboard, and the signal terminals of the infrared sensor are
connected to the G4, G24, G25 of the breadboard. The DO terminal of the photoresistor is connected
to the G27 of the breadboard. The overall wiring is shown in Fig. 4.

v

4. Software Design

Fig.4 Overall wiring

4.1 Location Information Extraction Module
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The system needs to control 6 areas in the classroom respectively, and the images are unevenly
distributed. The camera is set on the upper shelf of the blackboard, and the image partition of the

classroom is captured as shown in Fig. 5.
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Fig.5 Regional division
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YOLO algorithm is used to identify the target, and obtains the label box of human activity. Define
the center point of the label box as (X,Y), ctr as the horizontal coordinate of the label box x:
ctr=(left+right)/2, and ctry as the vertical coordinate of the label box y: ctry=(top+bottom)/2. Define
the classroom photo width as width and height as hight. When X<1/2 width and Y<1/6 hight, leftl is
output. When X<1/2 width and 1/6 hight<Y<1/2 hight, left2 is output. When X<1/2 width and
Y>1/2 hight, left3 is output. When X>1/2 width and Y<1/6 hight, rightl is output. When X>1/2 width
and 1/6 hight<Y<1/2 hight, right2 is output. When X>1/2 width and Y>1/2 hight, right3 is output.

4.2 Location Information Control Classroom Lighting Module

When the camera detects human activity, combined with location information, it sends a signal to
make the LED light on to achieve regional lighting.

The GPIO library is included and the pins of 6 LED lights are set as 11, 36, 33, 32, 31 and 29
respectively, corresponding to G17, G16, G13, G12, G6 and G5 of the GPIO port respectively.

When the camera detects human activity, it is combined with the position module. For example, if
the left] area is active, set the level of channel 33 to high. If the leftl area is not active, set the level
of channel 33 to low. Left2, left3, rightl, right2, right3 is correspond to ports 36, 11, 32, 31, and 29,
respectively.

4.3 Switch Button Module

Switch button module needs to achieve manual control of lights. Set flag bits and select manual mode.
The GPIO library and the time function are included, the LED light is set to pin 11 and the switch
button is set to pin 12. Set the switch button to switch mode, that is, the high level and low level
switch to each other by one touch. At the same time, the anti-shake program is set, so that the button
will not be misoperate.

4.4 Infrared Sensor Module

When there is no light in the classroom, the camera cannot capture human activity, and the infrared
sensor module is needed to identify human activity and control the lighting. When the light is on, the
camera can identify the human activity and regionally light the lamps. GPIO library and time function
are included, and set LED light to pin 11, infrared sensor to pin 7. Define the function run, the infrared
sensor has a signal when it detects a person, control pin 11 outputs a high level, and control pin 11
outputs a low level when it does not detect a person.

4.5 Photoresistor Module

The photoresistor is used to sense the external light intensity, when the light is insufficient, the
classroom lamps flash. When the light is good, the lamps go out. GPIO library and time function
are included, and set LED light to pin 11, photoresistor pin 13. When light is insufficient, control pin
11 outputs a high level, otherwise control pin 11 outputs a low level.

5. Simulation Debugging

Deep learning object detection in OpenCV.

s e N D e

Fig.6 Position leftl
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After all the wiring is complete, the camera is placed above the blackboard and the program runs. In

automatic mode, when someone is detected in position leftl, combined with the position module,
left] area lights up, as shown in Fig 6.

When someone is detected in position rightl, combined with the position module, rightl area lights
up, as shown in Fig 7.

EECLELELE

Fig.7 Position rightl

When someone is detected at position left2, combined with the position module, left2 area lights up,
as shown in Fig 8.

Fig.8 Position left2

When someone is detected in position right2, combined with the position module, right2 area lights
up, as shown in Fig 9.

Fig.9 Position right2
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When someone is detected in position left3, combined with the position module, left3 area lights up,
as shown in Fig 10.

Fig.10 Position left3

When someone is detected in position right3, combined with the position module, right3 area lights
up, as shown in Fig 11.
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Fig.11 Position right3

In manual mode, press the switch button and the LED lights up; Press the button again and the LED
goes out, as shown in Fig 12.

Fig.12 Button function implementation

When there are people near the infrared sensor, the lights flash, as shown in Fig 13.
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Fig.13 Implementation of infrared detection function

When the external light is strong, the LED light goes out. When the external light is weak, the LED
lights up, as shown in Fig 14.

. - ~ 4 .'|. '
Fig.14 Implementation of photosensitive function

6. Conclusion

Jetson Nano is designed as the core of classroom lighting system, and is equipped with camera,
photoresistor, infrared sensors, buttons, LEDs and other components to build a hardware platform.
the location information extraction module, location information control classroom lighting module,
switch button module, infrared sensor module, photoresistor module and so on are designed to
achieve the system functions. After testing, when the light intensity is weak, the system will be
automatically activate and light the LED in the corresponding area according to the human activity
position. In practical applications, the LED can be replaced with a relay-controlled fluorescent lamp.
When the light intensity is strong, it is not automatically activated unless you switch to manual mode
and control the light through the button. At night, infrared sensors on the front, middle and back doors
can turn on indoor lights to capture the location of people. In the automatic mode, the system can
automatically turn on some lights according to the intensity of light, human activity and other
information. For one or two students in the classroom or the lighting situation, a lot of electricity will
be saved. There are still some deficiencies in the control process, such as how long the manual mode
lasts, which can be automatically returned to the automatic mode. Questions such as whether the
division of the front, middle and back areas of the classroom with 1/6 and 1/2 is not detailed enough
will be improved in the subsequent research.
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