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Helpful Links 

APIs 
http://www.lua.org/pil/contents.html 

http://www.lua.org/manual/5.1/ 

https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en 

http://lua-users.org/wiki/PatternsTutorial 

 

Software 
https://github.com/GeoNomad/LuaLoader Click “Download ZIP” on the right 

https://github.com/nodemcu/nodemcu-flasher/tree/master/Win64/Release 

http://www.sublimetext.com/2 

http://www.sublimetext.com/3 

 

Firmware 
https://github.com/nodemcu/nodemcu-firmware 

https://github.com/nodemcu/nodemcu-firmware/releases 

 

Community Forums  
http://nodemcu.com/index_en.html 

http://www.esp8266.com/ 

http://ai-thinker.com/ 

 

Last-ditch Effort 
http://esp8266.ru/ 

https://www.google.com/ 

  

http://www.lua.org/pil/contents.html
http://www.lua.org/manual/5.1/
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en
http://lua-users.org/wiki/PatternsTutorial
https://github.com/GeoNomad/LuaLoader
https://github.com/nodemcu/nodemcu-flasher/tree/master/Win64/Release
http://www.sublimetext.com/2
http://www.sublimetext.com/3
https://github.com/nodemcu/nodemcu-firmware
https://github.com/nodemcu/nodemcu-firmware/releases
http://nodemcu.com/index_en.html
http://www.esp8266.com/
http://ai-thinker.com/
http://esp8266.ru/
https://www.google.com/
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Environment 
 

 

Computers: Asus Zenbook UX31E w/ Intel Core i7 2677M @1.80GHz & 4GB RAM & 64-bit OS, 
      Dell Optiplex 990 w/ Intel Core i5 2500 @3.30GHz & 8GB RAM & 64-bit OS 

Text/Code Editing Software: Sublime Text 2/3 

LuaLoader Version: 0.87 

NodeMCU Firmware Version: 0.9.5 build 20150318 

Firmware Flasher: nodemcu-flasher 

Lua Version: 5.1.4 

ESP8266 Model: ESP-07, or ESP-12 
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Setup 
 

Download/Install Software 
1. Download the LuaLoader ZIP file and extract the files to a good spot, i.e. Program Files, My 

Documents. 
2. Download and install the nodemcu-flasher software. In general it is best to use the latest 

firmware, but if you have issues, you may revert to Environment version. 
3. Use your favorite text editor or programming environment to write and edit code. 

 

Necessary Hardware 
1. ESP8266 module (preferred ESP-07, ESP-12) w/ or w/o breakout board. 

a. (the ESP modules have a 2.0mm pin pitch so the pins need to be broken-out in order to 
use standard 0.1” headers or breadboard.) 

2. USB-to-Serial (TTL) cable FTDI or otherwise, only need 4-pin (PWR, GND, TX, RX). 
3. 3.3V voltage regulator or other power source. 
4. Or replace 1-3 with a NodeMCU DEVKIT + a USB-Type-A/USB-Micro-B cable. 
5. Bidirectional Logic Voltage Converter. 
6. Jumper wires. 
7. Breadboard (optional). 
8. Windows PC. 

 

Setup ESP 
(The whole process is much simplified by using a NodeMCU DEVKIT hardware module which avoids the 
following setup process. It’s Plug-n-play.) 

Any of the ESP modules should work with this manual; however the ESP-07 and ESP-12 are preferred 
since they have most of their pins broken-out already. I also do not explore the hardware varying setups 
of any other module versions, only the ESP-07/ESP-12. 

There are two types of connections we need to make: Data, and power.  

We must connect the USB-to-Serial TX/RX to the ESP RX/TX for flashing, programming, and talking over 
the UART. 

The ESP is a 3.3V logic chip and therefore must be powered off of 3V3. The TX/RX and GPIO also use 3V3 
logic, but are 5V tolerant. Thus it is easiest, though bad practice, to connect the 5V USB-to-Serial TX/RX 
to the ESP RX/TX.  

1. The following wiring table and diagram can be used to wire the module for program/run and 
flash modes. 

https://github.com/GeoNomad/LuaLoader
https://github.com/nodemcu/nodemcu-flasher/tree/master/Win64/Release
http://www.sublimetext.com/3
http://www.adafruit.com/product/2491
https://daflabs.com/esp8266-esp12-breakout-board.html
https://www.adafruit.com/products/954
http://www.seeedstudio.com/depot/NodeMCU-v2-Lua-based-ESP8266-development-kit-p-2415.html
https://www.adafruit.com/products/1513
http://www.seeedstudio.com/depot/NodeMCU-v2-Lua-based-ESP8266-development-kit-p-2415.html
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Figure 1: ESP Wiring Diagram1 

USB-to-Serial   Voltage regulator   ESP8266 
GND ↔ GND ↔ GND 

  
GND ↔ GPIO15 

  
GND ↔ GPIO02 

     5V ↔ VCC 
  

  
OUT ↔ VCC 

  
OUT ↔ CH_PD 

  
Logic Voltage Converter 

  TX ↔ HI/LO ↔ RX 
RX ↔ HI/LO ↔ TX 

Table 1: Wiring Table 

 

2. Most USB-to-Serial cables have a 3.3V pin on them that, if not exposed, can be easily found 
inside the casing and broken-out. 

3. Slightly more in depth is the ESP8266 pin description table below with reference to the pin-outs. 

                                                            
1 The connection to GPIO2 in valid but unnecessary. It may cause problems with some firmware versions. The 
connection to GPIO0 is also only valid for flash mode. It must not be LO for program mode. 
2 Connect to GND ONLY for flash mode, a switch or button can be used to pull down for flash. 
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Figure 2: ESP-12 Pin-out Diagram 

 

 

Table 2: ESP8266 Pin Description Table  

Pin Program Mode Flash Mode Description 

VCC, GND     
Power supply, can use a standalone, and 
shares ground with UART port (TX/RX) 

TXD, RXD     UART interface 
RST     Reset/hard restart. Restart on LO 
CH_PD HI HI Chip select, constant HI for both modes 

GPIO0 HI LO Switch Working/Flash Mode 

GPIO 15 LO LO 
Constant LO  for both modes, N/A on ESP-
01 

GPIO 2 HI HI Constant HI for both modes, not necessary 
Red LED     Constantly on to show it is powered on 
Blue LED     Blinks on data received 



ESP8266 Manual 
Duncan Rodriguez 

01/19/2016 

9 

Using LuaLoader 
 

Once you have Setup your device, you will be able to connect it to the computer and use the LuaLoader 
to load *.lua files onto the device. 

The NodeMCU firmware is actually a little OS with a Lua Interpreter which reads your programs from the 
ROM. The LuaLoader just sends Lua commands over the UART to the ESP. The Chip will execute these 
commands and in this way write files to its ROM, restart itself, Read/write GPIO, connect to networks, 
etc. 

Let’s run through some steps to get you started. 

1. Once you have Setup the ESP, plug the USB cable into the computer. 
2. Open up the LuaLoader program. You will see that the console reports “Not connected to comm 

port”. This is okay. 
3. In the menu bar, click the “Settings” tab and then click “Open COM2”. This should connect the 

program to your USB-to-Serial cable. Upon successful connection you will see a screen like 
Figure 5: Connection Success. There is no response for a failed connection. 

a. COM2 should be the default COM port, but you may need to change this. 
i. You can try going into “Comm Port Settings” under the “Settings” tab and 

selecting a COM4 from the “port” dropdown menu. 
ii. Or you can reassign the ports in the Device Manager since they may be assigned 

to another device or your device may not be assigned to them. 
4. Now that you have connected to the ESP, you can start loading programs and connecting to wifi. 

a. The originally Red, now Green Figure 5: Connection Success box in the right hand panel 
allows you to manage the communication speed. 

i. Baud Dropdown: Select the communication baud rate. 
ii. DTR: “Data Terminal Ready” toggle,+, 0. 

iii. RTS: “Request to Send” toggle, +, 0. 
iv. CTS: “Clear to Send” state, +, 0. 

b. The Blue Figure 5: Connection Success box allows you to read and write information to 
the GPIO pins. 

i. Pin Dropdown: Select which pin or output you want to write to or read from. 
ii. Set: Setup the selected Pin with your settings. 

iii. Mode Dropdown: Select the mode you want your pin to run in. 
iv. Pullup Dropdown: Select the connection you want to make with the pin. 
v. Read: Read input from the selected pin. 

vi. Clock: Automatically repeatedly read the input from the selected pin. 
vii. 0: Set the output of the selected pin LO. 

viii. 1: Set the output of the selected pin HI. 
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c. The Olive Figure 5: Connection Success box allows you to soft restart the chip and stop 
timer loops when necessary, as well as check vital information about the chip such as 
the remaining heap (memory) size. 

i. Heap: Show the remaining size of the memory heap. 
ii. Restart: Soft restart the chip. 

iii. chipID: Show the identifying number on the particular chip. 
iv. tmr.stop: Kill timer loops 0 and 1 (of 0-6). 

d. The Orange Figure 5: Connection Success box allows you to survey for networks, 
connect to access points and check the IP status of your chip. 

i. SSID: Enter the SSID of the AP you want to connect to. 
ii. Set AP: Connect to the AP you have typed in. 

iii. PWD: Enter the password of the AP you want to connect to. 
iv. Survey: Display all of the available APs. 
v. Get IP: Show the ESP’s Station IP. 

vi. Status: Show the status of the connection to an AP. 
vii. Disconnect: Disconnect from the AP. 

e. The Gold Figure 5: Connection Success box allows you to upload *.lua and other files to 
the chip, run and delete them. 

i. Upload File… : Choose and upload a file to the ESP. 
ii. Upload Text: Uploads init.lua from your documents folder. 

iii. Dropdown Menu: Select a file from those on the ESP to do something with. 
iv. Notepad: Edit the selected file. 
v. dofile: Run the selected file. 

vi. remove: Delete the selected file from the ESP. 
vii. cat: Show the text of the selected file. 

viii. compile: Compile selected file into *.lc . 
ix. do(lc): Run selected compiled file. 
x. Download: Download the selected file in binary format. 

xi. Custom: Send custom Lua script. 
xii. Format: Format the ESP/clear ROM. 

xiii. file.list: list the files stored on the ESP and their size.  
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Device Manager 
If you cannot connect to the ESP because your comm port is not allowing a connection, then you will 
need to use the Device Manager to resolve this. 

1. Hit the windows key or click the “Windows Start button” in the bottom left-hand corner. 

 
 

2. Type “device manager” or “de man” and hit enter. This will open up the Device Manager. 
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3. From here you can change the port number. This can be done by right-clicking on the icon 
corresponding to your device in “Ports (COM & LPT)” and clicking “Properties”.  
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4. From here you can select the “Port Settings” tab and click the “Advanced…” button.  
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5. Change your COM Port in the “COM Port Number” dropdown menu to either COM2 or COM4. 
a. If they are both being used, you will have to find a device that is connected to one of them and 

either unplug it, reassign its port, or just select the in use port and click “OK” (this could mess 
other things up so it is not recommended). 
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Using nodemcu-flasher 
 

If you find that you need to flash new firmware onto your ESP then you will need to use the nodemcu-
flasher. This is a pretty simple program to use and connects to your ESP through the same port as the 
LuaLoader does, so you can only connect one of the programs at a time. 

 

1. Once you have the program open, you can select the COM port that your ESP is connected to if 
it does not automatically find it. 

 

 

 

2. You must then define which firmware you will be flashing the chip with, so go to the “Config” 
tab and press one of the gear symbols to search for your firmware. 
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3. After accepting that firmware make sure that you are sending the firmware to the correct HEX 
address: “0x00000”. 

4. You may then hit the checkbox on the left-hand side of the screen to confirm you want to flash 
the chip with this information. 

5. Go back to the “Operation” tab and hit the “flash” button. You should see your ESP’s MAC 
address pop up and the status bar start to fill. It’s working! 

a. If you do not see this then you should check your port, power, and connections. 
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Programming 
First and foremost, some warnings learned the hard way. 

Many people will tell you to start off programming the ESP by naming your Lua file “init.lua”. This is 
unwise. 

The “init.lua” file will automatically run when the chip boots up3. If you are an inexperienced 
programmer, if you are new to the language, or if you are not entirely sure that your code is perfect 
right of the bat, then you should not name your file “init.lua”. In fact, an “init.lua” should not even exist 
on your chip’s ROM until you have worked out all the bugs and are done with your project. This is 
because the chip can lockup and not respond to your UART commands, no matter how hard you try. If 
you do find yourself in this situation, If you find that your chip seems to be locked up is how you can 
resolve it.  

Heeding the warning, if there is some bug that continuously crashes the chip or consumes all of its 
processing power then all you have to do to break the lock is unplug the power. Your chip should be 
saved and will not continue to run the program on startup; you can fix the code and resume later. 

The next section, “Commonly Used Functions”, will give you some Idea of the scope of things that are 
done in the following modules/scripts. If yet do not know Lua then you should read about the 
programming conventions on the sites in the Helpful Links. I will not be taking this time to introduce you 
to the language. But don’t worry, you don’t need me, she doesn’t bite. 

It is by no means a difficult language, and was designed to be lightweight and easy to use. You cannot do 
complex math functions but you are also not subject to whitespace constraints4, simple yet powerful 
syntax and has many memory saving features. 

This is all great for programming on the ESP since we need something that is light on the system and 
takes up as little memory as possible.  

                                                            
3 Remember, you can always load and “dofile()” any program you want straight from the LuaLoader. This allows 
you to find and edit bugs and add onto the program without the chip looping a broken program.  
4  This means that, if you wanted to, you could save even more ROM on the ESP by deleting all of the indents and 
spaces (and comments) once you are done programming; though this is not necessary with the programs included 
here. The biggest problem is running out of RAM, which is far more influenced by loops and the like than 
whitespace and comments. 
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Commonly Used Functions 

GPIO Indices and Pins 
This is a useful table when you are trying to do anything with the GPIO pins, otherwise you will have no 
clue what is going on when your input or output doesn’t work. 

IO index ESP8266 pin IO index ESP8266 pin 

0 GPIO16 7 GPIO13 

1 GPIO5 8 GPIO15 

2 GPIO4 9 GPIO3 

3 GPIO0 10 GPIO1 

4 GPIO2 11 GPIO9 

5 GPIO14 12 GPIO10 

6 GPIO12   
 Table 3: ESP8266 Index-to-pin Mapping 

File Module 
 file.open() 
 file.write() 

Wifi Module 
 wifi.setmode() 

wifi.sta sub-module 
  wifi.sta.config() 
  wifi.sta.connect() 

wifi.sta.getip() 
wifi.sta.status() 

wifi.sp Sub-Module 
  wifi.ap.config() 

wifi.ap.getip() 

Timer Module 
 tmr.delay() 

tmr.alarm() 
tmr.stop() 
tmr.wdclr() 

Net Module 
 net.createServer() 

net.createConnection() 

net.sever Sub-Module 
 net.server:listen() 

net.server:close() 

net.socket Sub-Module 
 net.socket:connect() 

net.socket:send() 
net.socket:on() 

 

UART Module 
 uart.on() 

MQTT Module 
 Not used here, but still useful. 

Other 
 collectgarbage() 

Manipulating strings is super powerful.

  

https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#fileopen
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#filewrite
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifisetmode
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifistaconfig
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifistaconnect
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifistagetip
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifistastatus
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifiapconfig
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#wifiapgetip
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#tmrdelay
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#tmralarm
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#tmrstop
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#tmrwdclr
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netcreateserver
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netcreateconnection
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netserverlisten
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netserverclose
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netsocketconnect
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netsocketsend
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#netsocketon
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#uarton
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#mqtt-module
http://luatut.com/collectgarbage.html
http://lua-users.org/wiki/PatternsTutorial
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Communication with a Remote Server 
Make sure that the receiving server can correctly handle spaces and other special characters. If it cannot 
then it may look like there is an error with the ESP being unable to send the data. Really it is the server 
being unable to correctly handle and receive the message. 

Information sent to the server through the ESP UART must be sent as follows: “data2send” 
ThiswillNOTwork 
“this MAY not work” 
“thisWILLwork” 
 

If you wish to load the TestPage after the ESP connects to the network, then you may leave the program 
as is; it already will run that server program, i.e. CommandServer. If, however, you wish to have the 
program load the UART-to-server interface upon network connection, so that it may communicate with 
between the two, then you will have to change the dofile() reference in Blendinit  from CommandServer 
to Server [ dofile("commandserver.lua") dofile("server.lua")]. 

Troubleshooting 
 

1. If you find that your chip seems to be locked up, that is, it does seem to be on but will not 
respond to UART commands, then 

a. You will have to Using nodemcu-flasher with a new firmware. 

 

2. If you run get the error “not enough memory” then 
a. Your heap (RAM) is full and you must better manage your file size, loops, calls, etc. 

possibly by using collectgarbage() and tmr.wdclr(). 
 

3. If you are getting constant characters on the UART 
a. You have likely pulled GPIO2 LO. Don’t do that. Unplug it. 
b. Otherwise you may need to Using nodemcu-flasher with a new firmware. 

 

4. If you cannot get the ESP to respond to LuaLoader commands 
a. See 6 below. 
b. Otherwise, see 1 above. 

 

http://luatut.com/collectgarbage.html
https://github.com/nodemcu/nodemcu-firmware/wiki/nodemcu_api_en-(dev096)#tmrwdclr
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5. If you find that your USB port doesn’t work, and the LuaLoader selected port is the same one 
that your device is on, then 

a. Try switching to the other available port, e.g. COM2 to COM4, some machines will not 
read at all from one port. 

 

6. If you find that you see no UART communication in the console then 
a. Unplug the USB cable. 

 

7. If your USB-to-Serial cable was working, but no longer will connect to the LuaLoader then 
a. You may have put the cable into a different port than last time and therefore changed 

the port number. Just replace it into the original USB port. 

 

8. If the ESP does not identify itself in the LuaLoader when you connect it to the USB-to-Serial 
converter 

a. You have probably left the device in flash mode. Disconnect GPIO0 from GND. 
b. Otherwise you may need to Using nodemcu-flasher with a new firmware. 

 

9. If there does not seem to be communication with the your remote server then 
a. See Communication with a Remote Server. 

 

10. If your GPIO pins are not showing any input or output then 
a. See GPIO Indices and Pins. 

 

11. If your USB-to-Serial cable isn’t working, then: 
a. Plug it into a different USB port and see if the Windows Software Driver Installer pops 

up in the bottom right-hand corner. 
b. Click the pop-up to monitor the driver update status. If the update/download fails then 
c. You can try to have the machine look for the files online once more. This can be done by 

going into the Device Manager and right-clicking on the icon corresponding to your 
device in either “Other devices” or “Ports (COM & LPT)” and clicking “Update Driver 
Software…”. This will likely fail and you will have to either 

i. Update your machine in Windows Update, or 
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1. Sometimes the updates will fix a problem with your machine finding or 
installing the driver. 

ii. Transfer the driver from a working machine. 
1. You should be able to find and copy these files from the working 

computer to the other and manually update the drivers. 
iii. If all else fails then you may have to switch to a different computer. 

 

12. If you find that you are having trouble with the sequence or order of operations of the code 
then 

a.  It may be due to the semi-parallel nature of the code in NodeMCU or the machine you 
are using to compile the code onto the ESP5. 

 
In order to get around the issue where things seem not to run in direct sequence (one task 
starting after the previous has finished), we must use more layers. That is, we must use “for” or 
“while” loops, conditional “If” statements, or functions to make things run in the order we 
desire. 
 
EX. 
 
Code 

 

Figure 3: Example Code 

 

                                                            
5 This may force an error  . This is because 
of the sequence of the function being after the call. Some machines/firmware combinations compile the code such 
that it runs without this error on the ESP, but some machines/firmware combinations will compile in such a way 
that this error occurs. 
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Output 

 

Figure 4: Example Output 

  



ESP8266 Manual 
COAX Technology Inc. 

Duncan Rodriguez 
7/28/2015 

23 

Appendix 1 

 

Figure 5: Connection Success 
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