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Abstract 

Based on the Internet of things and communication engineering, our team has created 
an intelligent lighting system. The project has two control modes - intelligent control 
mode and manual control mode. In the intelligent control mode, the wireless node 
analyzes the sensor data and intelligently controls the lighting equipment on the node 
according to different environmental requirements, so as to achieve the balance of the 
light environment; Under the manual control mode, the owner can select the mode to 
control the lighting equipment through the handheld terminal according to his own 
needs to show rich lighting effects. This design realizes the perfect combination of 
human control and intelligent control. The advantage function of this system is the 
interactive experience of intelligent lamps, which enhances the emotional expression at 
the behavioral level and the interactive experience of intelligent lamps, so as to change 
the behavior logic of users when using lamps in the past, transform the static lighting 
system into a humanized dynamic mode and endow lighting vitality. 
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1. Introduction 

Smart home started early in China, but its development is slow. Many people do not know what 
smart home is, and often confuse smart appliances. In short, smart home is a residential 
platform that connects various devices in the home through Internet of things technology to 
realize an intelligent living environment. As shown in Figure 1, it uses generic cabling 
technology, network communication technology, security technology, automatic control 
technology and audio and video technology to integrate the facilities related to home life, build 
an efficient management system of residential facilities and family schedule affairs, and 
improve the safety, convenience, comfort and artistry of home. 

 
Figure 1. Prediction of intelligent lighting system 
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Although the products currently developed are technologically advanced, they have poor 
practicability, complicated operations, and are out of touch with market demand.  In addition, 
there are problems such as poor human-computer interaction experience, humanized design 
still has certain limitations, etc., and the user's just-needed application scenarios have not been 
really discovered.  Based on this, this project is committed to the intelligent development of 
lighting systems, starting from home lighting, and gradually building an intelligent lighting 
system that is not limited to homes.  In this way, while improving the technology, the operation 
is simplified, and the Internet of Things technology is applied to break the design limitations, 
increase the scene design, and enhance the user experience. 

The basic task of the intelligent lighting system designed by this team is to apply the Internet of 
Things technology to break the defects of the traditional lighting system. On this basis, we focus 
on the scene-based design.  Simple control, free switching, meet the emotional needs of users, 
and enhance the user's emotional experience. 

2. Intelligent lighting system operating mechanism 

In the lighting system, the wireless sensor control network is the largest component of the 
intelligent lighting system. The quality of the wireless sensor control network directly affects 
the stability, speed and accuracy of the system.  The wireless sensor control network not only 
needs to quickly and accurately transmit the dimming command to each LED light source, but 
also effectively and stably transmit the light intensity data to the PC upper computer 
measurement and control center. Therefore, we need to choose a stable, fast and safe.  wireless 
sensor network. 

After a period of machine learning, enough data is stored in the lighting system for autonomous 
identification and screening.  At the beginning, the system will accept the input parameters 
from the outside world, and the processor in the lighting system will identify the parameters, 
compare the data, get the analysis results and issue instructions, and automatically select one 
of the two modes, the normal mode or the intelligent mode, and automatically adjust the light 
color and  brightness.  If the user is not satisfied with the lighting effect, he can upload different 
parameters through the mobile phone, design the color and brightness of the light 
independently, and choose different modes. 

2.1. System Network Design 

2.1.1. ZigBee Design Concept 

ZigBee technology is a two-way wireless communication technology with short distance, low 
complexity, low power consumption, high speed, low cost and large network capacity.  It is 
mainly used for data transmission between various sensor devices with short distance, low 
power consumption and low transmission rate requirements, as well as typical applications 
with periodic data, intermittent data and low response time data transmission.  Simply put, 
ZigBee network is a wireless data transmission network with high reliability, similar to CDMA 
and GSM networks, and ZigBee data transmission modules are similar to mobile 
communication network base stations.  The data transmission distance can be extended from 
the standard 75m to several kilometers, and the data processing nodes in the network can also 
be extended to thousands. 

ZigBee is a large-scale wireless data transmission network platform composed of up to 65,000 
wireless transmission modules. In the entire network range, each ZigBee network data 
transmission module can communicate with each other, and the distance between each 
network node can be  Infinitely expandable from the standard 75m, as shown in Figure 2. 
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Figure 2. The principle diagram of the Zigbee technology 

The intelligent lighting system has four devices: PC terminal, ZigBee coordinator, ZigBee 
detection terminal and ZigBee dimming terminal. The communication methods between them 
include serial communication and ZigBee wireless communication. The communication 
carriers are different but they must be mutually identified, and the data protocol format 
requires  Unite.  For the intelligent lighting system, there are control command instructions and 
detection data instructions.  The communication protocol of intelligent lighting system 
designed in this paper includes detection data protocol and control command protocol.  The 
control command sent by the PC terminal to the ZigBee coordinator and the control command 
sent by the ZigBee coordinator to the ZigBee dimming terminal are sent through the control 
command protocol, the data protocol is sent to the ZigBee and the ZigBee coordinator is sent to 
the PC by detecting the data of the data protocol.  The control command protocol structure is: 
frame header, length, address, type, command, end bit high, end bit low, and the detection data 
protocol structure is: length, type, frame header, address, data, end bit low, end bit high.  The 
frame header is the sign of the communication data of the intelligent lighting system, the length 
is the length of the protocol, the address is the corresponding location of the light intensity 
sensor or the code of the LED lamp, the type is the sign of the command or data, and the data is 
the light intensity value detected by the light sensor, the command  It is the command to switch 
and adjust the LED lamps, and the end bit is the sign of the end of the protocol. 

2.1.2. System bus construction 

The bus construction of this system applies wireless technology. 

The hardware and software of the whole system should be independent of each other. The 
connection between software and hardware is realized through ZigBee network. If the software 
is paralyzed, the hardware facilities of the system can be controlled manually. At present, the 
biggest application scenario of intelligent system is still intelligent. Therefore, in this part, we 
still consider the needs of the system based on home intelligent lighting. 

Based on the home scene, the customers are individuals, so the software platform of the 
intelligent system, especially the human-computer communication, must be highly 
customizable. The secondary developers can customize the personalized and different styles of 
smart home appliance management and control platforms for customers.  .  Since each smart 
home has different needs for smart home appliances, this requires that the intelligent control 
system can combine various home appliances in a modular manner according to the needs of 
the family, and realize the seamless cooperation between the intelligent system and the 
hardware.  The intelligent system must be able to achieve the exact same control functions in 
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any one place, such as the living room and the master bedroom can achieve the exact same 
control functions.  The intelligent system can realize multi-person control, and there are often 
more than one family member, so it needs to be able to realize multi-user login, and at the same 
time, different users can control different functions of the same system and control of different 
rooms. 

2.1.3. Sensor design and selection 

Temperature sensor: 

Sensor 1: logic output temperature sensor. 

Set a temperature range. Once the temperature exceeds the specified range, an alarm signal will 
be sent to start or shut down fans, air conditioners, heaters or other control equipment. At this 
time, a logic output temperature sensor can be selected.  LM56, MAX6501-MAX6504, 
MAX6509/6510 are typical representatives. 

Sensor 2: digital temperature sensor. 

The digital temperature sensor produced by silicon process adopts PTAT structure, which has 
accurate and good temperature-dependent output characteristics.  The output of PTAT is 
modulated into a digital signal through the duty cycle comparator. The relationship between 
the duty cycle and temperature is as follows: DC=0.32 0.0047*t, t is Celsius.  The output digital 
signal is compatible with the microprocessor MCU. The duty cycle of the output voltage square 
wave signal can be calculated through the high-frequency sampling of the processor, and the 
temperature can be obtained.  This temperature sensor has a resolution better than 0.005K due 
to its special process. 

Light sensor: 

Light sensor 1: sunlight sensor. 

It can identify 360 degrees horizontally and vertically. The location of the sun, identification, 
cloudy, cloudy, semi cloudy, sunny and night day. Tracking azimuth recognition. Used to 
identify weather. 

Light sensor 2: ambient light sensor. 

It is used to automatically adjust the brightness and softness according to the temperature, 
weather, current solar intensity and indoor position. The ambient light sensor needs to stick an 
infrared cut-off film on the chip, or even directly plating a graphical infrared cut-off film on the 
silicon wafer. 

2.1.4. Network protocol 

ZigBee is an emerging short-range wireless communication technology for sensor and control 
applications.  Proposed by the IEEE 802.15 working group and developed by its TG4 working 
group.  It is a low-power LAN protocol based on the IEEE802.15.4 standard.  According to 
international standards, ZigBee technology is a short-range, low-power wireless 
communication technology.  The name (also known as the Zigbee Protocol) comes from the 
bee's figure-of-eight dance, because the bee (bee) communicates with its companions the 
location of the pollen by the "dance" of flying and "zig" flapping its wings.  That is to say, bees 
rely on this way to form a communication network in the colony.  It is characterized by close 
proximity, low complexity, self-organization, low power consumption, and low data rate.  
Mainly suitable for automatic control and remote control field, can be embedded in various 
equipment.  In short, ZigBee is a cheap, low-power short-range wireless networking 
communication technology.  ZigBee is a low-speed short-distance wireless network protocol.  
ZigBee protocol from bottom to top is physical layer (PHY), media access control layer (MAC), 
transport layer (TL), network layer (NWK), application layer (APL) and so on.  The physical 
layer and the media access control layer follow the provisions of the IEEE 802.15.4 standard. 

characteristic: 
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Low power consumption. In the low power consumption standby mode, two No. 5 dry batteries 
can support one node to work for 6 ~ 24 months or even longer. This is the outstanding 
advantage of ZigBee. In contrast, Bluetooth can work for weeks and WiFi can work for hours. 

Low cost.  By greatly simplifying the protocol (less than 1/10 of Bluetooth), the requirements 
for the communication controller are reduced. According to the prediction analysis, based on 
the 8051 8-bit microcontroller, the full-featured master node requires 32KB of code, and there 
are fewer sub-function nodes.  To 4KB code, and ZigBee protocol royalty-free.  The price per 
chip is about $2. 

Low rate. ZigBee operates at the rate of 20 ~ 250kbps and provides raw data throughput of 250 
Kbps (2.4GHz), 40kbps (915 MHz) and 20kbps (868 MHz) respectively, meeting the application 
requirements of low-speed data transmission. 

At close range.The transmission range is generally between 10 ~ 100m, and can also be 
increased to 1 ~ 3km after increasing the transmission power. This refers to the distance 
between adjacent nodes. If through the relay of routing and communication between nodes, the 
transmission distance will be farther. 

Short delay.  The response speed of ZigBee is relatively fast. Generally, it only takes 15ms to 
switch from sleep to working state, and it only takes 30ms for nodes to connect to the network, 
which further saves power.  In comparison, Bluetooth requires 3 to 10 seconds, and WiFi 
requires 3 seconds. 

High capacity. ZigBee can adopt star, sheet and mesh network structure. One master node 
manages several sub nodes, and at most one master node can manage 254 sub nodes; At the 
same time, the master node can also be managed by the upper network node, which can form a 
large network of 65000 nodes at most. 

High security.  ZigBee offers three levels of security, including no security settings, use of Access 
Control Lists (ACLs) to prevent unauthorized access to data, and symmetric ciphers using the 
Advanced Encryption Standard (AES 128) to flexibly determine its security properties. 

License-exempt frequency bands.  Use Industrial Scientific Medical (ISM) frequency bands, 
915MHz (US), 868MHz (Europe), 2.4GHz (global). 

With a transmit power of 0dBm, Bluetooth typically has a range of 10 meters.  And ZigBee can 
usually reach a working distance of 30-50 meters indoors, and can even reach 400 meters in an 
outdoor open area (TI CC2530 does not add power amplification).  Therefore, ZigBee can be 
classified as a low-rate short-range wireless communication technology. 

2.2. Light source design 

2.2.1. Shape design 

The shape is novel and unique, simple but not simple.  Traditional lamps either have a single 
shape and only focus on the intensity of the light, or they are luxurious and gorgeous in 
appearance and have poor practicability.  The team refers to the lamp housing design on the 
market for further processing and transformation.  Based on the simple style, the redundant 
and complicated decoration of the lamp shell is removed, and through the exquisite design, the 
lamp shell is given a unique and novel visual effect, and it is easy to integrate into the style of 
the environment background, so that the whole design can visually give people a harmonious 
and unified sense of comfort. 

The simple shape sets off and highlights the texture of the light source. Ensure the foil effect of 
the lamp shell on the light and return to the texture of the lamp source itself. 

Integrate multiple elements to develop exclusive scenes. We emphasize giving users high-
quality scene experience. Compared with other items, the lighting system will first resonate 
with users' emotions because of its visual effect. Therefore, in the design, first put forward the 
basic scenes, such as warm family scene, work scene, party scene, game scene, etc., and carry 
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out the systematic light source design according to different scenes, environment, items and 
other factors. 

In the home environment, a warm family scene can be set.  The shapes of the lamps we choose 
will be presented in round, oval shapes, etc. The shell colors are mainly white, orange and red, 
and with soft lighting to create a warm atmosphere, creating a reunion and beautiful experience 
for users, as shown in Figure 3  . 

 
Figure 3. External convergent expansion lamp internal astigmatism headlamp. 

2.2.2. Energy saving options 

In the green building intelligent lighting system, the choice of lighting source is very important.  
Appropriate light sources can not only meet the needs of indoor lighting, but also achieve good 
energy-saving effects, in line with the characteristics of green buildings.  In the green building 
intelligent lighting system, the lighting lamps are in the working state of lighting most of the 
time, so it is very important to choose a light source with high efficiency, energy saving and long 
service life.  In architectural lighting, light sources such as incandescent lamps, fluorescent 
lamps, energy-saving lamps, and LED lamps are widely used and frequently used. 

2.2.3. Effect of light source 

The light source effect is mainly realized: intelligent soft light change, switch freely. 

Soft start function: The light gradually brightens and dims function, which can protect the eyes 
from the stimulation of the light suddenly brightening and darkening, and can also prolong the 
service life of the lamp. 

Dimming function: The function of brightening and dimming the light allows you to share 
warmth and romance with your family, and at the same time, it can also achieve the functions 
of energy saving and environmental protection. 

Brightness memory: The function of light brightness memory makes the light more humane 
and makes the light full of changes. 

Full on and full off: One-button full-off of lights and electrical appliances and one-button 
emergency full-on function of all lights, human-friendly control.  Touch centralized control, it is 
more convenient to use; at night, if there is an emergency, just press the fully open emergency 
button, all lights will be on at the same time; before going to bed, just press the fully closed 
button, all lights will be turned off. 
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2.3. System terminal design 

2.3.1. Electronic technology terminal selection 

Mobile devices such as mobile phones and tablets are used as terminal controls.  Connect as 
many removable devices as possible under the same network protocol.  Considering a family 
with many family members, a user mode that can be added should be designed to increase the 
connection of mobile devices as much as possible, and the configuration of multi-smart 
terminals is simple and easy to implement.  However, in order to ensure the security of the 
system and the smoothness of the network, the upper limit of the number of connected devices 
should be controlled, tentatively set to no more than 6-7 devices at most.  To further ensure 
user experience and security, the intelligent sensing prompt module is integrated, and devices 
connected to the same network should be able to see each other's online status.  For long-term 
use of terminal equipment, prompts to automatically save account password information, 
namely the interactive platform.  The platform can record and store the operating data of each 
system, and can provide effective historical data for the operation of the system. At the same 
time, it can summarize the owner's usage habits and certain rules according to the historical 
operating data, so that the system can learn by itself. 

Design the corresponding program. In order to operate the system quickly on different mobile 
devices, we envisage designing a general app, which is easy to download. In App Design, 
attention should be paid to simplifying the page and operation. The whole system operates 
under the control and management of app. As the display and operation interface of each part 
of the system, the intelligent terminal is easy and feasible for users of all ages. 

2.3.2. Voice terminal control design 

At this stage, the traditional home voice control system has a single control, single interaction 
mode, single voice recognition mode, and limited recognition distance, and the user experience 
is not ideal.  The solutions to the above problems are relatively lacking, and the products 
designed on the market have not been studied at present.  Therefore, we designed a wireless 
control system with the help of voice recognition technology under the embedded system. 
Through this system, in addition to realizing some conventional voice interaction operations of 
home appliances, we also strive to provide more diverse control modes compared with similar 
products on the market.  , interaction mode, recognition mode, and a wider range of recognition 
distance, in order to bring great convenience to people's home life. 

Due to the raging new crown virus epidemic in recent years, various places in various places 
have emphasized basic hygiene conditions such as isolation and disinfection. Therefore, 
whether at home or in public places, voice control systems will become the mainstream choice 
for control terminals for a long time in the future.  For example, in our smart lighting system, 
after applying voice control, when you return home at night, you don't have to touch the switch 
with your hands, and you don't have to repeat the disinfection and sterilization treatment. The 
voice control mode will free your hands and facilitate your life. 

2.4. Scene interaction design 

2.4.1. Scenario analysis 

1. The living room is an area for meeting guests and a place for family activities. It is generally 
equipped with chandeliers, spotlights, wall lamps, downlights, etc. Different lights can be used 
to match each other to produce different lighting effects, such as leisure, entertainment, TV  , 
meeting guests and other scene modes are available for selection at any time.  For example: set 
the reception as the chandeliers on 80%, the wall lights on 60%, and the downlights on 80%; 
for watching TV scenes, the chandeliers on 20%, the wall lights on 40%, and the downlights on 
10%, because the dimming control is used, the lighting  The illuminance can have a gradual 
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process. Through the remote control or the on-site control of the panel, the scene can be 
changed at will, creating a warm, romantic and elegant lighting environment for the guests. 

2. The restaurant is a place to eat. Scene control is used to set various lighting modes. It can be 
set to various lighting scenes such as Chinese food and Western food, so as to create a warm, 
romantic and elegant dining lighting environment for the family.  Lighting should be considered 
comprehensively. Generally, only moderate brightness is enough, but the brightness on the 
desktop should be appropriately increased. 

3. The bedroom is the place where the owner rests. It is necessary to control the central 
chandelier, the spotlights at the head of the bed, the wall lamps and the surrounding downlights 
to create a quiet, gentle and safe resting place.  Different illumination requirements such as TV, 
rest, etc.  According to different requirements, adjust the lighting intensity that is suitable for 
the body and mind and can reduce fatigue. 

4. The kitchen should have sufficient brightness, and local lighting should be set up. 

5. The study and study area take the function as the main consideration. In order to reduce the 
eye fatigue caused by long-time reading, the color temperature close to the morning sunlight 
and non flashing lighting should be considered. The intelligent lighting system can adjust the 
brightness and switch of each group of lights at will by using the remote control. 

6. The bathroom requirements are general, but if there are special requirements, such as 
makeup, etc., there must be enough brightness, and local lighting should be configured. 

2.4.2. Custom scheme 

In addition to the basic mode that has been set, the user can control any lights in the home as 
needed, and can also set the adjustment mode to apply to business meeting scenes, leisure and 
entertainment scenes, etc., and the owner can choose by himself, such as welcome mode, home 
mode, sleep mode  Mode, dining mode, viewing mode and other custom modes. 

Intelligent conversion of light environment scenes.  The intelligent lighting control system can 
preset different scene modules, and when needed, just operate on the corresponding control 
panel to transfer the desired scene.  Users can also adjust the scene in real time to suit different 
requirements through the programmable control panel.  In addition, the user can also use the 
portable programmer to change the settings of different scenes through the interface. 

3. Conclusion 

Since we are committed to building an intelligent lighting system for intelligent services, the 
initial investment in the cost is relatively large, and the investment will only account for a small 
part when the system is perfected.  With its own advantages such as innovation, perceptibility, 
easy control, and safety, this system will gain greater benefits in the later stage. 

When the product penetrates deeply into the living space of human beings, the use experience 
becomes the key to the success or failure of the product.  Smart products are not a one-shot 
deal. During the entire after-sales experience process, user feedback and product iteration 
services are what smart designers should pay attention to most, which is what smart companies 
generally lack at present.  And our IoT + intelligent lighting system is based on the purpose of 
"serving the public and lighting up life", strengthening intelligent services, emphasizing user 
experience, simplifying operation and application, ensuring product quality, and creating a new 
intelligent lighting system with actual life experience.  situation. 
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