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Previously...

You have learned the basic outlines of an Arduino program 
and how to send commands to change the colours of 
NeoPixels and animate them.

Today we will learn how to turn the ESP8266 into a webserver 
that can receive commands from the internet and return data 
to it via HTTP.

When we know how to do that, then we can build a smart 
lighting system with our NeoPixels!



Webservers

A webserver is a computer that is connected to the internet. 
Clients (such as user’s PCs) send requests to it via HTTP for 
specific URLs such as http://www.spcs.edu.hk/index.html. 

On receiving the request, the server will return information to 
the client, usually the HTML code for a web page.

Our ESP8266 chips can connect to the internet via WiFi, and 
they can be programmed to respond to what they receive, so 
we can turn them into little webservers.

http://www.spcs.edu.hk/index.html


A simple server

Writing a webserver from scratch would be quite difficult, but 
luckily someone has done most of the hard work for us - one 
of the great benefits of open-source software is that we can 
build on work other people have decided to share.

The base for our server will be one of the built-in examples for 
the ESP8266.

Go to File → Examples → ESP8266WebServer → HelloServer 
to load the code.



Connecting to WiFi

The code should work without any modification on our 
ESP8266 boards.

But we do need to update one thing - the program needs to 
know the name and password of our WiFi network.



Connecting to WiFi

We will use our own router in the lab:

SSID: TP-Link_F4E0
Password: 36388424

Near the start of the code, find  the lines:
const char* ssid = "........";
const char* password = "........";

Replace the dots inside the quotes with the SSID and 
password of the WiFi network you want to connect to.



Uploading and testing

To test our webserver, we will need to contact it.

But we don’t know what address the server is running on, so 
we can’t contact it.

The authors of the code thought of this, and make the server 
send its IP address over the serial (USB) connection back to 
the PC.

Make sure your board is connected by USB and go to
Tools → Serial Monitor 

to start the Serial Monitor and see what is being sent over the 
connection.



Serial Monitor Settings

At the bottom of the Serial Monitor window, we need to set 
the format and speed of the connection.

Set the left-hand box to “Both NL & CR”. This tells the monitor 
that each new line is indicated by two characters - a “newline” 
and a “carriage return” together.

Set the middle box to 115200 baud - that means it is 
expecting 115200 bits per second.



Upload and try

Now Serial Monitor is running, upload the program to your 
board and watch the messages it sends back to the Serial 
Monitor.

It should connect to WiFi and then tell you its IP address.

Connect your laptop to the same WiFi network, then type 
the IP address of the ESP8266 into your web browser.

If it works, you should get a confirmation message “hello from 
esp8266” in your browser.



How does it work?

Let’s look at the code.

At the top, the #include statements include various 
libraries of functions that we can use. These will be used 
throughout the rest of the code.

Next, this line creates a ESP8266WebServer object (defined 
in the includes), called server, and sets it to communicate on 
port 80 - the standard port for HTTP.



How does it work?

handleroot() is a function that tells the webserver what to 
do when it receives a request for the “root” (top-level) page.

In this case, it turns the on-board LED on, then sends back a 
message with:

Code 200 (OK)
Message type “text/plain” (plain text, not HTML this time)
Message content “hello…”



How does it work?

handleNotFound() is a function for handling the case when 
a requested URL is not found to exist.

It returns a 404 Not Found code with a message containing 
details of the original request.



How does it work?

Now we get to one of the standard Arduino functions 
that every program has - setup().

In this program, it’s actually the function that does 
most of the work.

Once everything is setup, the pre-written libraries will 
handle all requests for us.

First, the WiFi.begin() function connects to the 
WiFi network, then the program sends the details of 
the connection over the serial connection.

The mDNS service starts next. This should let you find 
the device with the address esp8266.local. Try if you 
like, but it doesn’t work on all platforms :( 



How does it work? The important 
bit.

The key to customising how our server works lies in 
the next two parts.

server.on("/", handleRoot);

The .on() function tells the server what to do when 
a certain URL is requested. 

It is a function of the ESP8266WebServer object we 
created right at the beginning of the program and 
called “server”. If you created a server object called 
“unicorn” instead, you would use the function 
unicorn.on()...



How does it work? The important 
bit.

The key to customising how our server works lies in 
the next two parts.

server.on("/", handleRoot);

The .on() function tells the server what to do when 
a certain URL is requested. 

In this case, the line reads “on receiving a request for the 
URL “/” (the root or top-level of the server), use the 
handleRoot function”. 

We saw that function being defined a few slides ago, 
near the start of the program.



How does it work? The important 
bit.

server.on("/inline", [](){
server.send(200, "text/plain", "this works as well");

});

The next use of server.on() is for the URL 
“/inline”.

Try it for yourself - type xxx.xxx.xxx.xxx/inline into 
your web browser (xxx… is the IP address of your 
board) and see if you get a response.

In this case, instead of referring to a separate 
function, like we did with handleRoot(), the whole 
code for dealing with this URL is written inside the 
server.on() function call. You could add more lines 
of code in there if you wanted to.



How does it work? The last bit.

Finally, the loop() function which every Arduino program 
has is used for just one thing - it continuously runs the 
handleClient() function of the server object.

This listens for requests made to the server. When one 
arrives, it checks if a .on() function has been set for the 
requested URL. If it has, it runs that function. If not, it runs the 
.handleNotFound() function which returns a 404 
message.



Assignment 1 - Custom web 
server

Your first assignment is to add another URL for the server to 
handle.

● Decide what URL you would like the server to handle.
● Add the appropriate functions to the code. 

○ You can write a separate function and call it, like 

server.on(“/”, handleRoot)
○ Or you can put all the code directly into the call function, like 

server.on(“inline” …) does.

○ Either way, you can copy, paste and modify the code that’s already 

there to suit your purpose.

● Test your new URL. Upload a screenshot of your browser 
accessing the new URL to Google Classroom.

● Bonus ideas - more than one URL, or return some HTML code, with type 

“text/html”, instead of plain text, for a proper webpage.



Smart Lighting

Smart Lighting is one of the biggest categories of IoT products 
currently in the home.

These are lighting systems which you can change the colours 
of through an app or by linking to other events and 
notifications on your phone.

The most popular platforms are:

● Philips Hue: https://www2.meethue.com/en-hk 
● Nanoleaf: https://nanoleaf.me/en/ 
● LIFX: https://www.lifx.com/ 
● IKEA Tradfri: 

https://www.ikea.com/hk/en/catalog/products/90374269/ 

https://www2.meethue.com/en-hk
https://nanoleaf.me/en/
https://www.lifx.com/
https://www.ikea.com/hk/en/catalog/products/90374269/


DIY Smart Lighting

We can combine our knowledge of how to set the colours on 
the NeoPixel lights with our webserver to make a smart 
lighting system.

But there’s one more thing we need to know how to do.

We need to know how to access information in a URL that 
comes after a question mark. Then we will be able to pass 
colour information to our ESP8266 in a URL.



URL parameters

The data we pass at the end of a URL after a question mark 
can be accessed. The code calls these server arguments.

We can access them with the .arg() function of the server 
object. We can access them by name.

If our url is:
http://192.168.3.27/checkthis?n=1&animal=unicorn

then our server arguments are called “n” and “animal” and 
their values are “1” and “unicorn”, respectively.

Note that the “1” is a text string, not an integer number. We 
will have to convert it if we want to use it as a number.

http://192.168.3.27/checkthis?n=1&animal=unicorn


URL parameter code

Add the following lines to your setup() function, after the existing server.on() definitions.

server.on("/argtest", [](){
String message = "n is: " + server.arg("n") +  " and animal is: " + server.arg("animal");
server.send(200, "text/plain", message);

});

Upload to your board, then type the address into your browser, setting different values 
of the parameters. For example:

http://192.168.3.27/argtest?n=2&animal=wombat

http://192.168.3.27/argtest?n=18&animal=quol 

Replacing 192.168.3.27 with the actual IP address of your board.

http://192.168.3.27/argtest?n=2&animal=wombat
http://192.168.3.27/argtest?n=18&animal=quol


URL parameter code

Add the following lines to your setup() function, after the existing server.on() definitions.

server.on("/argtest", [](){
String message = "n is: " + server.arg("n") +  " and animal is: " + server.arg("animal");
server.send(200, "text/plain", message);

});

The server.arg(“argument_name”) function finds the argument in the URL 
whose name matches argument_name and returns its value.

We can use this to create our smart lights.



Assignment 2: Smart lights

Make a smart lighting system. This is a big project!

I recommend you follow these steps:

1. Integrate the NeoPixel code into your webserver 
program. Don’t forget the #include statements and setup 
at the start. You can copy them from your NeoPixel 
programs or the examples.

2. Make your webserver turn all the lights a particular 
colour when you access a certain url. For example “/red” 
could turn them red and “/blue” blue.

3. When that works, make a URL handler function that will 
respond to server arguments. 



Assignment 2: Smart lights

There are different ways you could make your program work. 
Some ideas are:

● xxx.xxx.xxx.xxx/led?r=10&g=5&b=7
○ Pass the red, green and blue values in the URL and set all LEDs to 

the same colour

● xxx.xxx.xxx.xxx/led?n=2&r=10&g=5&b=7
○ As above, but add a variable ‘n’ which specifies which individual light 

to set. Used for controlling LEDs one at a time.

● You could also implement both ways of working on 
different URLs, as both functions could be useful.

● You can also have special URLs for specific animations if 
you like.



Assignment 2: Smart lights

Test your program by typing URLs into your browser.

Finally, when the server is working, build an app in App 
Inventor to control your lights.

Over the page are two different interfaces I made, to give you 
ideas.

Your app will need a Web component to communicate. It will 
need some kind of input to choose the colours, and maybe 
select which light should be changed.

It will need an input for the IP address of your ESP8266.



Interface ideas

On the left, the interface uses sliders for red, 
green and blue. When the “Set Colour” 
button is pressed, it changes the colour of all 
LEDs.

On the right, it uses a picture (taken from MS 
Paint) of lots of different colours, along with 
a brightness slider below. It uses the 
.GetBackgroundPixelColor method of the 
canvas object to find the colour of the point 
you touch and then sets that colour, modified 
by the brightness slider.

You could add buttons for pre-set patterns.



App code ideas

If you have several different ways of setting the lights, then it 
is more efficient to write a single procedure (purple blocks in 
AI) to do the job and call it from different places.

Use the text Join function to construct your URLs and add 
arguments to them, like you did for the Star Wars API 
browser.

Next-level sophistication: use IFTTT to publish the IP address 
of your board via a twitter account or email it to yourself so 
you don’t have to keep the board connected by USB to see the 
IP address. Then you can power it by a battery and put it 
somewhere else.



Submitting Assignment 2

Submit your server code (.ino program saved from the 
Arduino IDE) and .aia file from App Inventor.

Make sure your names are in a comment at the top of your .ino 
file and written on the front screen of your app.

Optional: make a short video of your smart light system 
working and submit that too.


