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ABSTRACT: With the continuous advancement of smart technologies, the current lighting 

system can no longer meet the development needs of the lighting research field. To address this 

situation, a PLC-based interior lighting system is proposed. The hardware design of the lighting 

system is completed through the construction of interior environment light acquisition module, 

human body signal acquisition module, watchdog and demodulation module of PLC converter. 

The main program of software design is realized by the control flow of interior environment 

light acquisition module, human body signal acquisition module and watchdog module. The 

software subprogram design is completed by the control flow of the color LED driver and the 

white LED driver. Experiments show that the stability coefficient of the system can reach up to 

0.9, the average response time of the system is 0.2s, and the running energy consumption can be 

controlled at 50J. The design of interior lighting system for office buildings with large windows 

has low energy consumption, low delay and high stability. For the formulation of the future 

development direction, the following points are proposed: the emergency lighting module is 

added to the research results to perfect the lighting system; the control of each group of LED 

lamps is designed to be either centralized or individual control. 
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1 INTRODUCTION   

Currently, the major problems faced by the 

interior lighting design and energy saving of office 

buildings with large windows are: the lack of 

energy-saving design of interior lighting system, 

and the combined application of natural light and 

artificial lighting is extremely backward (Kanno et 

al., 2015). It is actually unscientific to simply 

simulate the illumination of artificial lighting and 

not consider the influence of natural light on the 

interior light environment. The energy saving of 

interior lighting depends on two aspects: energy 

saving of equipment and energy saving of design. 

Energy-saving equipment mainly refers to the use 

of energy-saving light sources, electronic ballasts, 

lighting energy-saving control equipment. Energy-

saving design is achieved through systematic 

lighting design, rational arrangement of lighting 

fixtures, and intelligent means (John, Hayford & 

Cassarly, 2015). Energy-saving lighting system 

design is an important means to solve the above 

problems, it has the following characteristics: high 

efficiency and low consumption, energy saving and 

environmental protection; driven by low voltage, 

fast response, high safety; solid package, resist to 

vibration, small size, easy assembly; light includes 

the entire range of visible colors, color temperature, 

color purity, color rendering and light directivity are 

good, which benefits the application of lighting. 
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And the lighting is driven by DC, which has no 

flicker and a long service life, and is beneficial to 

protect human eyesight (Afshari & Mishra, 2016). 

Applying this system to interior lighting of office 

buildings with large windows has obvious 

advantages (Choi & Lee, 2015). The increase in the 

workload for workers in the building may involve 

overtime. The importance of interior lighting is 

becoming more and more prominent, causing 

widespread concern among relevant experts. 

Zhang Yujie and others have designed an 

intelligent lighting control system based on TCP/IP 

and DALI bus technology for the disadvantages of 

traditional lighting, such as inconvenient 

management, complicated wiring and low 

intelligence. The intelligent control panel is used to 

realize the centralized control and management of 

the lighting system; the TCP/IP-DALI gateway 

completes the DALI protocol and the mutual 

conversion of the TCP/IP protocol, and realizes the 

DALI system access to the Ethernet. The sensor 

node analyzes the node data according to the flow 

of people and controls the automatic adjustment of 

the brightness of the lamps. The system takes a 

short time, but it consumes a lot of energy (Zhang 

& Wu, 2015). Bi Mingyan proposed that using the 

improved Kalman wave method to schedule and 

control the district lighting power supply system. 

The minimum mean square error of district lighting 

energy consumption is used as the best estimation 

criterion, a district lighting energy consumption 

prediction model is established, and an evaluation 

index of lighting visibility is given. An objective 

function of the district lighting energy consumption 

scheduling control is calculated, and the optimal 

lighting energy consumption scheduling control is 

completed. The method efficiently controls lighting 

energy consumption but does not consider response 

time of the lighting system (Bi, 2016). Gong Pan et 

al. combined ZigBee technology with a digital 

addressable lighting interface protocol to control the 

lighting system. The wireless and wired features are 

applied in intelligent lighting control, and the 

system structure is introduced in detail, and 

hardware design and software design of the system 

are performed. The complexity of the system is low, 

but the stability of the system built is poor (Gong, 

Wang & Sun, 2017). Cao Xianghong and others 

proposed the Wi-Fi-based residential intelligent 

lighting control system. The STM8S103 series 

single-chip microcomputer is used as the core 

control unit to realize communication with the APP 

client of mobile phone through the Wi-Fi module, 

and to use the mobile phone to control the lighting 

of different rooms and adjust the brightness and 

color. The lighting system under this system reacts 

quickly, but there is also high energy consumption 

in the system operation (Cao & Zhang, 2016). 

With the continuous advancement of smart 

technologies, the current lighting system can no 

longer meet the development needs of the lighting 

research field. To address this situation, a PLC-

based interior lighting system is proposed. The main 

structure is: 

(1) The upper computer, PLC transponder, color 

LED driver and white LED driver are connected 

with each other to realize the overall design of the 

lighting system. 

(2) The hardware design of the lighting system is 

completed through the construction of interior 

environment light acquisition module, human body 

signal acquisition module, watchdog and 

demodulation module of PLC converter.  

(3) The main program of software design is 

realized by the control flow of interior environment 

light acquisition module, human body signal 

acquisition module and watchdog module. The 

software subprogram design is completed by the 

control flow of the color LED driver and the white 

LED driver. 

(4) Experimental results and analysis. Taking the 

system energy consumption, response time and 

operation stability as experimental indicators to 

verify the overall effect of the system. 

(5) Summing up the full text and suggesting 

future development directions. 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL. 18, ISSUE 4/2020 

46 

2 INTERIOR LIGHTING SYSTEM 

DESIGN FOR OFFICE BUILDINGS 

WITH LARGE WINDOWS  

2.1 Overall design of interior intelligent 

lighting system  

The lighting system is the basic system in our 

daily life. Its development and changes will have a 

profound impact on people's lives. Intelligent 

lighting can not only facilitate the user's life, but 

also bring good feelings to people, so as to benefit 

people's eyes and physical and mental health. The 

overall framework of the lighting system 

constructed is shown in Figure 1. 

PLC repeater

… …

PC

Color lamp 

driver

White lamp 

driver

220V AC

 

Fig. 1 Overall framework of the lighting system 

The overall structure of the lighting system in 

Figure 1 is composed of an upper computer, a PLC 

transponder, a color LED driver, and a white LED 

driver. 

The function of the PLC transponder is: on the 

one hand, it receives the control command sent 

from the serial port of the upper computer and 

converts it into a PLC command and sends it to the 

power line; on the other hand, it listens to the 

response signal from the power line and forwards it 

to the upper computer. The PLC transponder is 

functionally equivalent to a "talker" between the 

upper computer and the LED driver (Guisso et al., 

2016; Holman & Sampsell, 2015). The PLC 

transponder is mainly composed of a 

microcontroller module, a PLC modulation and 

demodulation module, a PLC coupling module, and 

an asynchronous serial communication module. 

Color LED driver is used to provide user-friendly 

landscape lighting, which can automatically display 

its internal storage scheme, and can also perform 

operations such as turning on lights, turning off 

lights, displaying selected colors, and downloading 

color schemes under the control of the upper 

computer. The color LED driver consists of a power 

supply module, a microcontroller module, a PLC 

modulation and demodulation module, a PLC 

coupling module, an LED dimming module, and an 

RGB-LED lamp bead module. White LED driver is 

used to meet the daily lighting needs, can perform 

operations such as turning on the lights, turning off 

the lights, adjusting the brightness and others under 

the control of the upper computer. The composition 

of the white LED driver is similar to that of the 

color LED driver. There are two main differences. 

First, the white LED lamp beads have only one 

color. The dimming module is simpler than the 

dimming module of color LED, and the second is 

that the lamp beads module LED is connected in 

different ways. This requires the power module to 

provide different voltages. The upper computer is 

the central unit of the entire system. The structure is 

shown in Figure 2: 
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Fig. 2 Structure of the upper computer 

The upper computer in Figure 2 mainly includes: 

an environment light acquisition circuit unit, a 

human body signal acquisition circuit unit, a 

watchdog circuit unit, a port setting unit, a white 

LED control unit, and a color LED control unit. The 

presence signal of the human body and the interior 

environment light intensity signal are acted as input 

parameters. When the interior environment light 

intensity reaches a certain value, no light is turned 

on regardless of whether someone is present or not. 

When the interior environment light intensity is 
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lower than a certain threshold (the threshold can be 

adjusted according to the actual situation), and only 

when someone exists and exceeds a certain time 

range, it is allowed to turn on the light until the 

person leaves. This type of dual-control method is 

used for intelligent control of lighting in office 

space, so as to achieve the purpose of energy 

saving. 

2.2 Hardware design of lighting system  

There are many hardware in the interior lighting 

system. Here, we mainly design for the above-

mentioned more important hardware. 

The working principle of the interior 

environment light acquisition unit is: when the 

natural light intensity in the office space is higher 

than a certain degree (i.e., setting parameters), the 

phototriode D5 exhibits a low resistance that is less 

than 1 kΩ, and the base voltage of the triode 

increases, and the triode Q1 is saturated and 

conducted, it will make triode Q1 output the low 

level without participating in its work. When the 

natural light intensity in the interior office is less 

than a certain degree (i.e., set parameters), the 

phototriode D5 exhibits a high resistance state of 

more than 100 kΩ, so that the triode is turned off, 

and the collector of Q1 outputs a high level and 

participates in its circuit work. The variable resistor 

R24 is used as a device for adjusting the interior 

environment light illumination intensity sensitivity 

parameter. The value of the resistance value makes 

the triode Q1 conduct under different interior 

environment light intensity parameters, and the 

circuit composed of R3 and Q1 is anti-interference 

and designed to enhance the stability of the system 

operation, improve system response speed. The 

circuit is shown in Figure 3. 
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Fig. 3 Interior environment light acquisition circuit 

In the human body signal acquisition unit, when 

detecting whether the human body exists in the 

office, a pyroelectric infrared sensor that detects the 

presence or absence of a human body may have a 

function of high sensitivity, good stability, and 

strong anti-interference. The selection should be 

based on factors such as the working hours of the 

office space. Usually, low-cost and effective HT-

208 pyroelectric infrared sensors are selected. 

According to this chip's functional characteristics, 

the human body signal acquisition circuit is 

designed as shown in Figure 4. One of the terminals 

of the pyroelectric infrared sensor is externally 

connected to the external power signal, and the 

second terminal is externally connected to the 

acquisition signal. A capacitor with a capacity of 

6800pF is usually connected to third terminal, 

which is externally grounded, so the pyroelectric 

infrared sensor is connected to the PLC terminal 

with the second terminal. In order to enhance the 

stability of the signal acquisition, that is, the 

stability and reliability of the pyroelectric infrared 

sensor detection and reduce the energy consumption 

of the system operation, a 100 kΩ pull-up resistor is 

often connected at the terminal of PLC. 
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1 2 3
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Fig. 4 Human body signal acquisition circuit 
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The watchdog unit has functions like watchdog 

timer, automatic reset, and voltage threshold 

monitoring. When the system powers up, power 

down, and the power supply voltage is insufficient, 

the logic state of the bus is indefinite, which causes 

the RESET pin to output a reset signal to the PLC to 

keep the PLC in a reset state to avoid error in 

information transmission. The circuit is shown in 

Figure 5. To make the reset more reliable, a 10k 

pull-up resistor is connected to the reset output. 

When the voltage at VCC is lower than the reset 

voltage, the system remains in the reset state. When 

the voltage at the PFI terminal is lower than 1.24V, 

an alarm signal is output from the PFO terminal, 

and the WDI terminal is controlled by an internal 

timer. When the WDI is at a low level, the system is 

protected and the system operation is monitored to 

avoid running away due to crashes of program, so 

as to enable the system to work properly and 

enhance the overall system performance. 
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Fig. 5 Watchdog circuit 

The demodulation unit in the PLC converter is a 

very important part of the hardware. Its task is to 

demodulate the high-frequency carrier signal 

separated from the power line by the PLC coupling 

module into a digital signal and restore the original 

signal at the sending end. Corresponding to the 

modulation process, demodulation is also divided 

into two steps: first, the high-frequency carrier 

signal is demodulated into a digital signal; second, 

the demodulated digital signal is despread and 

restored to the original signal, the signal control for 

the system hardware operation is achieved to 

enhance system stability. 

2.3 Software design for lighting system  

Software design mainly includes two aspects: 

main program design and subprogram design. The 

main program in the software is mainly the control 

flow of the interior environment light acquisition 

module, the human body signal acquisition module 

and the watchdog module. As shown in Figure 6. 
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Fig. 6 The main program of lighting system 

As can be seen from Figure 6, when the main 

program runs the task, the subroutine is called to 

execute the task and the main program can call 

multiple subprograms to execute in parallel. The 

system resources in the PLC are limited. When the 

system is running, the main program usually 

repeatedly calls a subroutine to execute the 

commands issued by the upper computer. The 

subprogram mainly controls the color LED driver 

and white LED driver. The subprogram design is 

shown in Figure 7. 
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Fig. 7 The subprogram of lighting system 

In the subprogram of the system, the upper 

computer is an important part of the intelligent LED 

lighting system. In addition to synchronization 

commands, the general control commands are sent 

from the upper computer. The intelligent LED 

lighting system control software of the upper 

computer can realize the control of a group of color 

LED lamps, two groups of white LED lamps, the 

download of the color coding scheme of the color 

LED lamps, and the asynchronous serial 

communication. 

The software part of the system mainly relies on 

the main program to control multiple subprograms 

to achieve system coding control, or multiple 

subprograms run in parallel to complete the order 

issued by the host. In the PLC-based lighting 

system, commands are sent from the upper 

computer to control the entire system by using the 

main program to control subprogram. 

3 EXPERIMENTAL RESULTS AND 

ANALYSIS 

A simulation experiment was conducted to 

verify the overall effect of the proposed system. 

Using MATLAB as a test platform, the 

experimental environment is as follows: this system 

is applied to an academic lecture hall with 300 seats 

on the third floor of a technology building. Figure 8 

is a plan view of some areas of the academic lecture 

hall. Above the 300 seats, there are 12 rows of 

lamps, 12 groups in each row, with a total of 144 

lamps. Each lamp contains two 12-watt 648-lumen 

fluorescent lamps. The distance between the front 

and rear rows of seats is 1m, the width of the middle 

aisle is 2.3m, and the seat width is 0.7m. The black 

seat in Figure 8 indicates human body. 

Academic Hall

 

Fig. 8 A plan view of some areas of the academic 

lecture hall 

According to the above experimental 

environment, the proposed system is verified. 

Validation indicators include: system operation 

energy consumption; system response time; system 

operation stability. 

Experiment (1): The lighting system based on 

TCP/IP, the lighting system based on WiFi, and the 

lighting system based on PLC were respectively 

applied to the experimental environment and 

operated for 1.2 hours to observe the energy 

consumption of different systems. The experimental 

results are as follows: 
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Fig. 9 Comparison of energy consumption of different 

lighting systems 

Based on the TCP/IP lighting system, the 

operating energy consumption is as high as 85J and 

continues to rise. This indicates that the system 

cannot control the continuous increase of system 

operation energy consumption and has poor 

reliability. The WiFi-based lighting system 

consumes 70 J energy at the maximum, but the 

system energy consumption is slightly lower than 

that of a TCP/IP-based lighting system. The energy 

consumption curve fluctuates greatly. The PLC-

based lighting system has the maximum operating 

energy consumption 52J. The comparison of the 

energy consumption of the three systems shows that 

the PLC-based lighting system has advantages. The 

presence signal of the human body and the interior 

environment light intensity signal are acted as input 

parameters. When the interior environment light 

intensity reaches a certain value, no light is turned 

on regardless of whether someone is present or not. 

When the interior environment light intensity is 

lower than a certain threshold (the threshold can be 

adjusted according to the actual situation), and only 

when someone exists and exceeds a certain time 

range, it is allowed to turn on the light until the 

person leaves. This type of dual-control method is 

used for intelligent control of lighting in office 

space, so as to achieve the purpose of energy 

saving. 

Experiment (2): Using the lighting system 

designed with improved Kalman Wave and ZigBee, 

and PLC-based lighting system to carry out system 

response time tests on 50m, 100m, 150m, 200m, 

and 250m lines, respectively. The experimental 

results are as follows: 
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Fig. 10 Comparison of response time of different 

lighting systems 

As can be seen from Figure 10, the average 

response time of the ZigBee-based lighting system 

is about 0.55 s, and the average response time of the 

lighting system based on the improved Kalman-

wave is about 0.75 s. Compared with other systems 

in the literature, the response time of a PLC-based 

lighting system is approximately 0.2 s. The above 

data shows that under the condition of different line 

lengths, the PLC-based lighting system has a short 

response time and is relatively stable. The above 

results are mainly due to the fact that in the interior 

environment light acquisition circuit, the circuit 

composed of R3 and Q1 can prevent external 

interference and improve the system's response 

speed. As the distance increases, the lighting system 

will automatically degrade external interference and 

reach an adaptive state. The feasibility is higher 

than the current system. 

Experiment (3): different lighting systems are 

run for 7h, and the changes in the stability 

coefficient of different systems are observed. The 

experimental results are as follows: 
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Fig. 11 Comparison of operational stability of 

different lighting systems 

It can be seen from Figure 11 that there are great 

differences in the operating stability coefficients of 

different lighting systems. The closer the stability 

coefficient is to 1, the higher the stability of the 

system. The Kalman-based lighting system has a 

stability coefficient of up to 0.64. It has an upward 

trend in the previous period, but it does not have 

long-term effects. After five hours of operation, the 

system shows a downward trend. The WiFi-based 

lighting system has a stability factor of up to 0.68, 

which is rise first and then fall, and then rise again, 

with greater flexibility and poor reliability. The 

PLC-based lighting system can reach a maximum of 

0.9. Compared with the other two systems, it has 

absolute superiority, and the operation stability 

coefficient of the system continues to rise. It shows 

that the system can effectively improve the stability 

of the lighting process and has good practicality. 

Based on the above experimental results, it can 

be seen that the PLC-based interior lighting system 

has good effects in terms of energy consumption, 

response time, and stability. It can realize the rapid 

development of the lighting system design field, and 

provide a more reliable lighting system for office 

buildings with large windows. 

4 CONCLUSIONS 

Aiming at the problems existing in the current 

lighting system, a PLC-based lighting system is 

proposed. Through the upper computer, PLC 

transponder, color LED driver and white LED 

driver and other modules, the overall structure of 

the system design is completed. The system 

hardware components are built using interior 

environment light acquisition unit and human body 

signal acquisition unit. According to the main 

program and subprograms to achieve the control of 

the system. Experiments show that the stability 

coefficient of the system can reach up to 0.9, the 

average response time of the system is 0.2s, and the 

running energy consumption can be controlled at 

50J. The design of interior lighting system for office 

buildings with large windows has low energy 

consumption, low delay and high stability. For the 

formulation of the future development direction, the 

following points are proposed: the emergency 

lighting module is added to the research results to 

perfect the lighting system; the control of each 

group of LED lamps is designed to be either 

centralized or individual control. 
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