
Using the Microcontroller ESP8266 for automation tasks for the IoT

The Mighty 
Micro
The ESP8266 Wifi chip can be used for measurement applications wherever the 

capabilities of the Raspberry Pi are woefully underutilized. In sleep mode, this 

microcontroller uses less than 3.3 milliwatts and costs only 6 Euro. By Martin Mohr

not have its own operating system and it 
can only be programmed in C  or Assem-
bly language.It also has no ports for a key-
board, mouse and monitor. So, in terms of 
the Raspberry Pi, what does the ESP8266 
bring to the team?

As it turns out, the greatest strengths 
of the ESP8266 lie in its limitations. It 
can be used for many applications for 
which the Raspberry Pi would be 
overkill, for example, measuring tem-
peratures. The performance capabili-
ties of the Pi far outstrip this simple 

task and buying one for such 
a menial task wouldn’t be 
cost-effective. The ESP8266 
on the other hand costs 
less than 6 Euro [1].

The meager power con-
sumption of the small mi-

crocontroller is also an ap-
pealing feature. A Pi pulls 3.5 Watts 

during operation while the ESP8266 needs a 
maximum of 0.5. In sleep mode, this is re-
duced to less than 3.3 Milliwatts making the 
component ideal for use with a battery. As a 

The first encounter with the an up-
start microcontroller like the 
ESP8266 can be jarring for genu-
ine Raspberry Pi Geeks. Firstly, 

the microcon-
troller 
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$ tar xf arduino‑1.6.7‑linux64.tar.xz

$ cd arduino‑1.6.7/

$ ./arduino

LISTING 1: arduino-1.6.7-linux64.tar.
xz
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result, it works even in places where there is 
no mains power.

Family Ties
In truth, here is no such thing as an 
ESP8266. The ESP8266-12 which we will be 
discussing and which users like to refer to as 
the ESP-12 or 12E, belongs to an entire fam-
ily of microcontrollers which share a com-
mon name as well as two key features: they 
all come with WiFi and an integrated GPIO 
interface.

These components have an excellent price 
to performance ratio and offer more comput-
ing power than most of the other microcon-
trollers on the market. Some of the brands 
imported from the Far East can be bought for 
around 3 Euro, making them very interesting 
to hobbyists. Approach the less expensive of-
ferings from eBay and other online mer-
chants cautiously. Delivery from China to Eu-
rope can take weeks.

The diverse range ofESP8266 versions is 
reminiscent of the Arduino microntroller 
family. What then is the difference between 
an ESP8266 and an Arduino board? In brief, 
the ESP8266 offers more processor power 
and more memory for your money. It also 
has a WiFi interface. Depending on the 
model, Arduinos may have many more I/ O 
pins. On the other hand, you can connect ad-
ditional I/ Os to the ESP8266 via the I2C- or 
SPI-Bus.

In summary, it is definitely worth your 
time to take a look at the ESP8266. You will 
undoubtedly find a wide variety of applica-
tions for this component in your future proj-
ects.

DevelopmenT environmenT
There is more than one way to write pro-
grams for the ESP8266. In the following sec-
tions of this article, we take a look at the 
more straightforward and convenient possi-
bilities. To start with, you should download 
and install the development environment 
from the Arduino homepage [1] onto a desk-
top computer (Figure 1). The software is 

* 32-Bit-RISC-CPU Tensilica Xtensa LX106 (80 MHz clock rate)

* 64 KB RAM for Program Code, 96 KByte Data-RAM

* External QSPI-Flash (512 KB to 4 MB)

* WiFi IEEE 802.11b/ g/ n (WPA/ WPA2), +19,5 dBm output performance (802.11b)

* WiFi Direct (P2P), Soft-Access-Point, integrated Antenna

* Integrated TCP/ IP protocol stack

* Integrated TR-Switch, Balun, LNA, End stage and Antenna Tuner

* Power loss (Power Down) less than 10 Microamperes

* 10 GPIO-Pins, SPI, I2C

* I2S-Interface with DMA (Sharing-Pins with GPIO)

* UART: URXD/ UTXD

* 10-Bit-ADC

* Wakeup and Packet transmission in under 2 Milliseconds

* Standby power consumption less than 1,0 Milliampere

* Size 17,2 x 12,3 Millimeter

ESP8266-12 SPECS

Figure 1: The download area on the Arduino Homepage.

The Arduino IDE archive was compressed with the program XZ. In case the tar still does not recog-

nize this program, you will need to install the xz-utils package. Under Debian and its derivatives, 

this is done via the sudo apt‑get install xz‑utils command. Next you should extract the 

Arduino IDE using:

$ tar xfvj arduino‑1.6.7‑linux64.tar.xz

The v (“verbose”) option has tar output the names of the processed files as they are decom-

pressed. The ‑j option informs the tool that the relevant archive exists in XZ format.

TIP
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available for Linux, Mac OS X and Windows.
When operating a Linux computer, you 

should make sure to select the version that is 
suitable for the operating system (32/ 64 bit). 
The command from the first line of Listing 1 
decompresses the archive under all current 
distributions. Next you should start the Ar-
duino IDE from the command line by switch-
ing to the directory containing the extracted 
data. Once in the directory, enter ./arduino 
(Listing 1, Lines 3 and  4).

After starting the development environ-
ment enter the following URL under File | 
Preferences | Additional Boards Manager 
URLs (Figure 2):

http://  arduino.  esp8266.  com/  stable/ 
 package_esp8266com_index.  json

This is how you get the Arduino IDE to in-
corporate the board manager needed for the 
ESP8266 into the corresponding list. Next, 
start installing the board manager for the 
ESP8266 by selecting the menu option tools | 
Board | start board manager. Figure 3 shows 
the dialog for installing this. Once installa-
tion is complete, you can select the Generic 
ESP Module under tools | Board.

Now the Arduino development environ-
ment can be used to create programs for the 
ESP8266 chip. You will need to grant rights 
to the current user for accessing the serial in-
terface (Listing 2). To do this, add the user to 
the dialout group.

Either log in and out to apply changes or 
reboot your machine.

The IDE installation concludes the prepara-
tions on the software side for use of the 
ESP8266. Now it is time to set up the hardware.

TesT HarDware
For the initial test set up you will need an 
ESP8266-12 chip, an additional external 
power source, a USB like serial module [3], 
two switches, an LED and some resistors. 
The switch diagram in Figure 4 makes clear 
how to put the components together. Fig-
ure 5 shows the corresponding experimental 
assembly on a prototyping board.

The pins are located at a somewhat uncon-
ventional distance from one another on the 
ESP8266. Instead of the usual grid dimension 
of 2.54 mm, the dimension on the ESP8266 is 
2 mm. This means that the chip does not fit 
perfectly on the board. As a workaround, sol-

$ sudo usermod ‑a ‑G dialout $USER

$ sudo reboot

LISTING 2: Adding your user to 
dialout

Figure 2: Adding an additional board manager.

Figure 3: Installing the board manager.

Figure 4: The switch diagram for the experimental set up of the ESP8266.
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der wires onto the ESP8266 board. The wires 
should be about 2 centimeters long and half 
insulated. This little trick lets you rig the 
ESP8266 onto the prototyping board.

The table entitled “Pin Allocation (Boot-
loader)” shows the pins that need to be 
hooked up in order to activate the ESP8266 
bootloader. Since you can only upload new 
programs when the bootloader has been acti-
vated, the pins have to be correctly wired 
when the microcontroller is started. As a pre-
caution, do not connect the pins directly to 
the supply voltage. Instead, insert 10 KOhm 
resistors.

Since the USB serial module does not de-
liver a particularly strong output current, you 
will need an additional external power sup-
ply. A suitable power supply that can handle 
about 100 milliamperes suffices. In other 
words, a small plug-in unit which produces a 

stable operating current of between 3.0  and 
3.6 Volts will work. Use batteries if you wish.

The ESP8266 does not deal well with too 
much operating voltage. Be very careful to 
set the USB to serial module a maximum out-
put current of 3.3.  The additional power 
source should also not exceed a maximum of 
3.6 Volts. To prevent any mistakes with the 
operating voltage, first re-measure the output 
current of the USB to Serial module and the 
external power supply before connecting the 
ESP8266 supply voltage.

FirsT TesT
The development environment for creating 
the ESP8266 programs is now ready. Connect 
the experimental hardware set up to the PC 
via a USB port. The time has now come to 
create the first test program and upload it to 
the ESP8266. First open the example program 
Blink which is found in the Arduino develop-
ment environment under File | 01.  Exam-
ples | Basics | Blink. Using the functions 
setup() and loop(), change the number of 
the I/ O port you want to activate from 13 
to  16 as is shown in Figure 6.

Next go to the Tool menu to check whether 
the board settings are correct (Figure 7). If 

Figure 5: The first experimental set up with the ESP8266 on a prototyping board.

ESP-Pin Logic Level

CH_PD HIGH (VCC)

GPIO2 HIGH (VCC)

GPIO15 LOW (GND)

GPIO0 LOW (GND)

TABLE 1: Pin Allocation (Bootloader)
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mode by cutting the operating current 
briefly. Then you can load a new program 
that automatically restarts the microcon-
troller. If you do not want the ESP8266 to go 

so, move on to compiling and uploading 
your test program to the ESP8266. Pay close 
attention to the Port. It has to correspond to 
the one to which the USB to Serial controller 
is connected. After checking the settings, 
compile the program, and forward it on to 
the ESP8266. All you have to do here is click 
with the mouse on the switch with the right 
arrow in the IDE tool bar. This is located un-
derneath the menu bar.

While a blinking LED may be very fun to 
look at, the microcontroller is also supposed 
to react to actions. Therefore you will need to 
modify the program so that you can turn the 
LED on with one switch and then off with 
another. Listing 3 shows a suitably adapted 
version of the program.

You will get an error message when you 
try to upload the program since the first 
Blink program is still running on the 
ESP8266. Listing 4 shows the accompanying 
message on the Arduino IDE. You will need 
to put the ESP8266 back into bootloader 

Figure 6: The Blink program from the Arduino IDE, adapted for the ESP8266.

void setup() {

  pinMode(12, INPUT);

  pinMode(13, INPUT);

  pinMode(16, OUTPUT);

}

void loop() {

  if (digitalRead(12)==true){

  digitalWrite(16, HIGH);

  }

  if (digitalRead(13)==true){

  digitalWrite(16, LOW);

  }

}

LISTING 3: Blink (modified)

ESP8266 (Part 1)

80

SKILLS

RASPBERRY PI GEEK ISSUE 21



can look forward to from Team ESP8266/ 
Raspberry Pi. In the next issue of Rasp-
berry Pi Geek we will be measuring the air 
humidity and temperature with the help of 
an AM2321 , using a mini web server run-
ning on the ESP8266.

We will also look at security, vulnerability 
to failures and the integration of these kinds 
of components into your home’s infrastruc-
ture. In the meantime, you can perform inter-
esting experiments using the basic ideas pre-
sented in this article and our examples from 
the Arduino development environment. We 
hope you have fun. l l l

to bootloader mode immediately after start-
ing, remove the wiring from the “Pin Alloca-
tion (Bootloader)” table.

Down THe line
This brief introduction shows how simple it 
is to program the ESP8266. Nonetheless 
these first examples are not representative of 
the potential that the small computer has to 
offer. In the next parts of this series we will 
examine the multitude of possibilities you 

[1]  Ordering the ESP8266-12S: https://  www. 
 adafruit.  com/  product/  2491

[2]  Arduino-IDE: https://  www.  arduino.  cc/  en/ 
 Main/  Software

[3]  Amazon.com – USB to Serial module: 
http://  a.  co/  8cWR1b9

INFO

Figure 7: The board settings have to be a perfect match for the environment you are using.

The Sketch uses 198.668 Bytes (45%) of the 
program memory location. The maximum is 
434.160 Bytes.

Universal variable use 32.982 Bytes (40%) 
of the dynamic memory, 48.938 Bytes remain 
for local variables. The maximum is 81.920 
Bytes.

warning: espcomm_sync failed

error: espcomm_open failed

LISTING 4: Output of upload
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