
Capture temperature data with the ESP8266 and the LM75 Sensor

Precision 
Gauge
We use the ESP8266 chip which gathers temperature data from a 

sensor and then forwards it via REST to a Raspberry Pi, where it’s stored 

in a database. By Martin Mohr

questions some thought and have 
equipped it with an energy saving func-
tion. This makes it possible to power down 
the ESP8266 and the LM75 to a level 
where only a few microamperes are con-

In the first part of this series of arti-
cles, we demonstrated how to build 
a functioning development environ-
ment. This time we focus our atten-

tion on activating and using the Wifi in-
terface on the ESP8266  [1]. This module 
reads measurement values from the 
LM75 temperature sensor using an I2C-
Bus, and transmits the data via a web 
interface to a MySQL database 
that is running on a Raspberry Pi.

As you read through this 
project, remember the sensor 
is battery powered. While 
operating, the ESP8266 con-
sumes up to 200 milliam-
peres. If you run the 
sensor continuously, 
you’ll need a battery 
that can supply this. A 
much more elegant and 
economical solution is 
to switch on the module 
for 1-2 seconds at a 
time, during which the 
sensor will identify and 
transmit the measurement 
values. After completing 
these tasks, the module can 
then deactivate.

As such, try to work out how many 
measurements you actually need. Do 
you really need one measurement per sec-
ond or is once an hour enough? The sen-
sor designers have also clearly given such 
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seven more LM75 chips to the bus given 
existing inputs.

There is a bridge on the circuit diagram 
between GIP16 and REST. Refer to the pin 

sumed. If you want to avoid using a com-
plex power supply, make sure the semi-
conductor is idle when it’s not needed.

During the initial test run, the ESP8266 
takes one measurement each minute and 
transmits the results via a REST interface 
to the database. Both of the ICs sleep the 
rest of the time. You can increase this in-
terval of inactivity in order to save energy. 
For example, measurements every fifteen 
minutes are perfectly fine for a private 
weather station.

Look at the circuit diagram in Figure 1 
for the project and at details on building 
the first prototype in Figure 2.

You will see two jumpers on the circuit 
diagram. These are used to shift the 
ESP8266 into bootloader mode. If they are 
closed, then a new program will load. 
When they are open, the micro controller 
operates normally and executes the pro-
gram you’ve uploaded.

You may already be acquainted with the 
LM75 from our series on the I2C-Bus [3] 
(see the I2C box). This component delivers 
temperature values in plain text. In the 
switching detailed in the diagram, the ad-
dress for the LM75 is 0x48h. If you want to 
expand the project, you can connect up to 

Figure 1: The circuit diagram for the external temperature sensor.

The serial I2C data bus is intended for commu‑
nication over short distances i.e. within boards 
or devices. The data flows over two lines. 
These include the data line SDA and the clock 
line SCL. Both of these lines are pulled via pul‑
lup resistors to a positive potential.

The busmaster always initiates communica‑
tion. The bus has a 7 bit address range which 
allows for a maximum of 128 devices. There 
are 16  reserved addresses, so a total of 112 re‑
main available. Usually you are only able to se‑
lect the three lower bits of the addresses for 
clients. The upper bits are hardwired. You will 
find the potential addresses for each compo‑
nent in its data sheet. The Component Exam‑
ples table contains some example values.

The bus transmits data by byte or word. It does 
so at a speed of between 100 kbit/ s bidirection‑
ally (default) and 5 Mbit/ s unidirectionally 
(Ultra Fast Mode). There are several ways to 
increase the range of the I2C Bus. These in‑
clude limiting the pull up resistors to tunneling 
with CAN bus drivers.

I2C
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on the ESP8266 and not the web service 
here. This bridge is necessary for the 
ESP8266 to wake itself up from energy sav-
ing mode. The remaining resistors serve to 
configure the boot loader and activate the 
WiFi module.

The MCP1700-330 takes care of correctly 
supplying power to the semi-conductor. It 
has an extremely limited transverse cur-
rent (1.6  µA). There is a sufficiently low 
differential of 178 mV in the current be-
tween In and Out. This current regulator 
was designed precisely for situations like 
this one, where battery operated circuits 
temporarily experience high demands for 
electricity (in this case 250 mA).

The two 1-µF capacitators are to prevent 
the current regulator from starting to vi-
brate. Four NiMH batteries provide the 
power supply. Theoretically, the setup 
could make do with three batteries but the 
test system had a holder that accommo-
dated four, so…

The setup includes a reset button. This 
means you don’t have to interrupt the 
power supply and restart when you want to 
upload a new program. The Arduino IDE is 
used for coding these. Tips on installation 
can be found in Part 1 of this series [4].

ESP8266-Program
The C program (Listing 1) for the 
ESP8266 has a somewhat unusual struc-
ture. The complete program is found in 

Figure 2: The set-up on the prototyping board.

Figure 3: This is the energy consumption in normal operating mode. The multimeter indicates the strength of the current as being in the milliampere range.
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stant I2caddress incorporates the address 
of the LM75.

The getTemperature() module delivers 
the current temperature measurement from 
the LM75. Internally, this mode first wakes 
up the sensor and then waits a moment be-
fore asking for a measurement value. The 
process works this way because the LM75 is 
truly a grouchy little thing when it comes to 
waking up and will deliver inaccurate mea-
surements immediately upon coming out of 
sleep mode. The sensor requires almost two 
seconds of awake time before it will deliver 
precise measurements.

After reading out measurement values, 
the mode puts the LM75 back to sleep. 

the setup() module that the program 
calls only one time. The loop() function 
remains empty. This isn’t an issue be-
cause the ESP8266 puts itself to sleep at 
the end of the setup() module.

A hardware reset for GPIO 16 on the 
REST pin triggers the wake up sequence. 
The hardware will restart in setup(). The 
interval variable indicates the length of 
time in seconds that the component goes 
into energy saving mode. Most of the re-
maining constants are self-explanatory. 
The Wifi credentials can be configured 
with ssid and pass. You can specify which 
computer should run the REST service 
using serverIp and serverPort. The con-

01  #include <Wire.h>

02  #include <ESP8266WiFi.h>

03  

04  const char* ssid = "<SSID>";

05  const char* pass = "<Password>";

06  const char* serverIp = 
"192.168.2.2";

07  const int serverPort = 8080;

08  const int i2caddress = 0x48;

09  const int interval = 5; //sec

10  WiFiClient client;

11  

12  int8_t getTemperature() {

13    int8_t high;

14    int8_t low;

15    // LM75 wake up

16    Wire.beginTransmission(i2caddress);

17    Wire.write(01);

18    Wire.write(00);

19    Wire.endTransmission();

20    delay (1500);// morning grouch

21    Wire.beginTransmission(i2caddress);

22    Wire.write(0);

23    Wire.endTransmission();

24    Wire.beginTransmission(i2caddress);

25    Wire.requestFrom(i2caddress, 2);

26    if (Wire.available()) {

27   high = Wire.read();

28   low = Wire.read();

29   }

30    Wire.endTransmission();

31    // LM75 go to sleep

32    Wire.beginTransmission(i2caddress);

33    Wire.write(01);

34    Wire.write(01);

35    Wire.endTransmission();

36    return high;

37    }

38  

39  void setup() {

40    int8_t temp;

41    // I2C Setup

42    Wire.begin(4, 5);

43    Wire.setClock(1000);

44    // Serial (USB Monitor) Setup

45    Serial.begin(115200);

46    Serial.println("\r\n") ;

47    //WLAN connect

48    WiFi.begin(ssid, pass);

49    while ( WiFi.status() !=  
WL_CONNECTED)

50    {

51    delay(500);

52    Serial.print(".");

53    }

54    Serial.println("");

55    Serial.print("connected with ");

56    Serial.println(ssid);

57    Serial.print("IP address: ");

58    Serial.println(WiFi.localIP());

59    // Messen

60    temp = getTemperature();

61    // Rest Request

62    Serial.println(temp);

63    if (  !client.connect(serverIp, 
serverPort) ) {

64    Serial.println("connect fail");

65    }

66    client.print(" GET /rest/setTemp/
temp/");

67    client.print(temp);

68    client.println(" HTTP/1.1");

69    client.print("Host: ");

70    client.println(serverIp);

71    client.println(" Connection: 
close");

72    client.println();

73    client.stop();

74    // ESP8266 put to sleep

75    ESP.deepSleep(interval*1000000);

76  }

77  

78  void loop() {}

LISTING 1: getTemperature.c

Model Function Address Range Comment

PCF8574 Port Expander 0x20‑0x27 –

PCF8574A Port Expander 0x38‑0x3F a different Address space, otherwise constructed identically to the 
PCF8574

PCF8591 A/ D‑ and D/ A converter 0x90‑0x9F –

PCF8583 clock/ calendar + 240 x 8‑Bit‑RAM 0xA0‑0xA2 –

TABLE 1: Component Examples
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In the interests of simplicity, the appli-
cation reads values only in whole de-
grees in Celsius from the LM75. A large 
part of the program provides debugging 
information via the USB interface. This 
includes all of the lines that begin with 
Serial.. For the sake of efficiency, you 
should comment out these lines.

Now return to the start of the pro-
gram. The first two lines in the setup() 
module activate the I2C-Bus. The next 

line activates the serial interface. The 
section that comes after these lines initi-
ates the Wifi connection.

Next, the program calls up the getTemper‑
ature() module and transmits the result to 
the REST server. The ESP8266 then goes 
back to sleep. Figures  3 and  4 show the 
change in energy requirements for our as-
sembly once the chip goes into sleep mode. 
You will find the code for this project on our 
FTP server at [6].

Java SErvicE
The basics for the REST service takes a mea-
surement and writes it together with the 
time of day to the MySQL database. From 
there you can process it further with the 
program of your choice.

Some preparatory steps are required for 
the installation so that the REST server can 
get up and running on the Raspberry Pi. 
Due to Java’s legendary appetite for re-

Figure 4: This is the power consumption in energy saving mode. The multimeter indicates the strength of the current as being in the microamperes range.

$ sudo apt‑get update

$ sudo apt‑get upgrade

$ sudo apt‑get install oracle‑java7‑jdk

LISTING 2 Installing oracle-java7-jdk

MySQL is one of the most popular and widely 
used open source databases. It is suitable for 
small to mid‑sized projects. Install it in Rasp‑
bian with the following commands:

$ sudo apt‑get install mysql‑server

During installation, the software will ask you 
for the root password for the database. Be sure 
to remember this. Apart from that, the installa‑
tion will run without any further prompting 
from you.

To test if the installation has been successful, 
use the commands from Listing 3. You will 
then be connected to the database and can 
check if everything’s in working order.

SETTING UP MYSQL
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sources, it makes sense to turn to a Rasp-
berry Pi 2 or 3.

Java inStallation
The first step involves building the server. 
The “Lite” version of Raspbian is perfectly 
suited to act as the foundation for a Rasp-
berry Pi based server.

There are no special requirements for the 
Java Development Kit (JDK, so you don’t 
need to download the most recent one from 
the Oracle homepage. Install the existing 
JDK for Raspbian (Listing 2). Use MySQL for 
the database. The installation for this pro-
gram is described in the Setting Up MySQL 
box.

You now need to set up a new database 
on the freshly installed MySQL server. This 
database should only contain one table. The 

01  import com.sun.jersey.api.container.
httpserver.HttpServerFactory;

02  import com.sun.net.httpserver.
HttpServer;

03  import javax.ws.rs.*;

04  import javax.ws.rs.core.MediaType;

05  import java.sql.Connection;

06  import java.sql.DriverManager;

07  import java.sql.Statement;

08  @Path( "setTemp" )

09  public class SetTemp {

10    static final String JDBC_DRIVER = 
"com.mysql.jdbc.Driver";

11    static final String DB_URL = 
"jdbc:mysql://localhost/Temperatur";

12    static final String USER = "user";

13    static final String PASS = "pass";

14    Connection conn = null;

15    Statement stmt = null;

16    @GE T @Produces( MediaType.TEXT_
PLAIN )

17    public String setTemp() {

18    System.out.println("normal");

19    return "Saved";

20    }

21    @GE T @Produces( MediaType.TEXT_
PLAIN )

22    @Path( "temp/{temp}" )

23    pu blic String setTemp(  
@PathParam("temp") String temp) {

24    try {

25    Class.forName(JDBC_DRIVER);

26    co nn =  
DriverManager.getConnection(DB_
URL, USER, PASS);

27    stmt = conn.createStatement();

28    String sql;

29    sql = " INSERT INTO Temperature 
values (now()," + temp + 
")";

30    stmt.executeUpdate(sql);

31    System.out.println(temp);

32    stmt.close();

33    conn.close();

34    }

35    catch (Exception e) {

36    e.printStackTrace();

37    }

38    return "Saved: " + temp;

39    }

40    pu blic static void main(String[] 
args) throws Exception {

41    Ht tpServer server = 
HttpServerFactory.create( 
"http://localhost:8080/rest" );

42    server.start();

43    Sy stem.out.println("To end please 
press [Enter] ");

44    System.in.read();

45    server.stop( 0 );

46    }

47  }

LISTING 5: TempRest.jar

Figure 5: The Advanced REST Client Application for the Chrome web browser helps you to 

examine interactions with REST services.

$ mysql ‑uroot ‑p

Enter password:

We lcome to the MySQL monitor. Commands 
end with ; or \g.

Your MySQL connection id is 44

Se rver version: 5.5.40‑0+wheezy1 
(Debian)

Co pyright (c) 2000, 2014, Oracle and/or 
its affiliates. All rights reserved.

Or acle is a registered trademark of 
Oracle Corporation and/or its 
affiliates. Other names may be 
trademarks of their respective

owners.

Ty pe 'help;' or '\h' for help. Type '\c' 
to clear the current input statement.

mysql> show databases;

+‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑+

| Database |

+‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑+

| information_schema |

| mysql  |

| performance_schema |

+‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑+

3 rows in set (0.01 sec)

LISTING 3: MySQL – Trial Run

create database Temperature;

use Temperature;

cr eate table Temperature ( 
ts timestamp, temp int);

GR ANT ALL ON Temperature.* TO 
'user'@'localhost' IDENTIFIED BY 'pass';

FLUSH PRIVILEGES;

LISTING 4: createDB.sql

Name Type

ts timestamp

temp int

TABLE 2: Temperature
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few mouse clicks as well if you wish.
Figure 6 shows an example of the data 

captured by our test system. The high val-
ues are due to the fact that the sensor was 
in a greenhouse.

concluSion
This project shows just how flexible the 
ESP8266 is. Automatic Functions to switch 
the chip on and off allow you to use a bat-
tery without any issues. You could also con-
sider using a small solar cell as an energy 
source. You could even use a second 
ESP8266 as a server to show the measure-
ment values on a display.

The measured values in the database also 
offer numerous possibilities for further anal-
ysis. Let your imagination roam when con-
sidering this chip for other projects. lll

Temperature table outlines the structure for 
this. The createDB.sql script (Listing 4) cane 
be downloaded from 7 and will set up a 
table for you once you call it via a terminal:

$ mysql ‑u root ‑p < createDB.sql

After you have installed all of the necessary 
components on the Raspberry Pi, copy the 
REST server (Listing 5) to the Raspberry Pi 
and start it. To do this you will need the free 
community version from the IntelliJ-Idea-
Project  [5]. This is a Maven project (see the 
Maven box), which you can build with the 
usual Java methods.

Copy the file TempRest.jar from the target/  
folder to the Raspberry Pi.

From here you can use the following com-
mand to start the server:

$ java ‑jar TempRest.jar

As soon the server receives a request from 
the ESP8266, the data will be saved to the 
database. There is a useful extension for 
Google Chrome for debugging REST services 
called the Advanced REST Client AApplica-
tion (Figure 5).

analySiS
There are definitely many things that can be 
done with the measurement values once 
they’re in the database. All of the estab-
lished Office programs have a database 
module for easily pulling measurement val-
ues into a calculation table for instance. You 
can create a chart with the table with just a 

[1]  ESP8266:  
https://  www.  sparkfun.  com/  products/  13678

[2]  LM75 (3.3 Volt): https://  www.  modmypi. 
 com/  raspberry‑pi/  breakout‑boards/  52pi/ 
 temperature‑sensor‑lm75

[3]  Controlling the LM75 Temperature sensor: 
Martin Mohr, “Keeping Cool”, RPG 03/ 
2015, S. 70,  
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2015/  12/Controlling‑the‑LM75‑tempera‑
ture‑sensor‑on‑the‑I2C‑bus

[4]  I2C Basics: Martin Mohr, “Getting to know 
the Raspberry Pi Bus”, RPG 01/ 2015, S. 68, 
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2015/  09/Getting‑to‑know‑the‑Raspberry‑Pi‑ 
I2C‑bus

[5]  IntelliJ IDEA: https://  download.  jetbrains. 
 com/  idea/  ideaIC‑15.  0.  3.  tar.  gz

[6]  Code for this article:  
ftp://  ftp.  linux‑magazine.  com/  pub/  listings/ 
 raspberry‑pi‑geek.  com/  22/  ESP8266

INFO

Figure 6: Many Office suites can easily process measurements from databases.

The Maven framework helps you build and 
standardize Java projects. By following the 
prescribed conventions, you can easily create 
and administer software. The conventions pri‑
marily have to do with the structure of the proj‑
ect, meaning the project directories and 
names.

The central feature of Maven is the project ob‑
ject mode file pom.xml. This is where you will 
specify the dependencies for other compo‑
nents. These in turn have dependencies on 
other projects. Thus, a project tree will load 
when the program starts for the first time. 
Luckily, Maven stores all of these components 
in a local repository so that the build process 
runs quickly after the first run.

The word Maven is Yiddish for “accumulator 
of knowledge” which is quite fitting, as this is 
exactly what the software does by gathering 
all package dependencies.

MAVEN
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