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/PREFACE 
 

The goal of the international educational TEMPUS project DESIRE 
Development of Embedded System courses with implementation of 

Innovative virtual approaches for integration of research, education and 
-desire.eu/) is 

to adapt current curricula from theoretical and desk-top application based 
curricula towards a practice oriented and embedded systems based 
education. Embedded systems (ES) design and production demands a very 
specific, qualitative and valuable knowledge growth in target HEIs, which 
ensures efficient implementation of high-skilled people in the labor market. 

As known, ES can be used in conjunction with sensors and actuators 
for collecting the physical information and turning the collected or received 
data into suitable actions. Also embedded systems can use a range of 
technologies to connect with other devices or the Internet. That is why ES 
are the basis of Internet of Things (IoT) infrastructure.  

In this case it is possible to distinguish several practically-oriented 
educational tasks: learning of ES software and hardware, analysis of 
existing approaches to ES design, studying of the principles of ES 
interaction and connection to the Internet  

Often, the concept of IoT is inseparably connected with something 
smart: Smart House, Smart Transport, Smart City, Smart Businesses and so 
on. Technologies for creating a Smart House are interesting and useful for 
students, as they allow to make our life more comfortable, safe and to save 
on domestic energy needs.  

REIoT complex was created by our partners from ZNTU for IoT 
technology studies and investigations. The set-up includes two parts - 
laboratory RELDES (REmote Laboratory for Development of Embedded 
Systems) and Smart House&IoT laboratory. Integration of this 
software/hardware platform into the educational process expands 
opportunities of distance learning and gives the students all advantages of 
remote experiments. Practically-oriented teaching methods based on REIoT 
set-up usage will provide students with the necessary knowledge and skills 
for the successful realization of IoT technologies in their future 
professional activities. 

Ing. Dirk Van Merode MSc. 
Coordinator of the DESIRE project, 
TMMA, Belgium 
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REST API OpenHAB 
API 
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GET/POST  OpenHAB 
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 decrease, on  off, open  closed, 
percent, stop  move, string, up  down.  
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 OpenHAB 
 
1.5  

 

- 
  
 

$ {openhab.home} / configurations / 

 
.home} / configurations / rules. 

-  
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DOWN,INCREASE; 
  

 
if(Temperature.state < 20) { 
sendCommand(Heating, ON) 
} 

 

 
if(Temperature.state >= 20) return false 
sendCommand(Heating, ON) 

. 

 null). 
 

  
  

>  
 -

> allScript("<scriptname>"). 
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-
- 

-  
> Temperature.state [2] 

 

-
 

. 
$ {openh

-  

, 
 

.   
 

[Imports] 
[Variable Declarations] 
[Rules] 

   
 

 
import org.openhab.core.library.types.* 

 

 
 

var counter = 0 
 

val msg = "This is a message" 
/  
var Number x 

 
 

rule "rule name" 
When 
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<TRIGGER CONDITION1> or 
<TRIGGER_CONDITION2> or 
<TRIGGER_CONDITION3> 
... 
Then 
<EXECUTION_BLOCK> 
end 

-

 
. 

- 
 

 Item (-Event)  - 
 

 Time-
; 

 System-  
Google Calendar. 

, 
  

.  
 

 
 

start { 
send|update <item> <state> 
} 
end { 
send|update <item> <state> 
} 

 
send|update <item> <state> 
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. 
 (GCal)

 
 ; 
 . 

 
: 

 
openhab.cfg; 

 ; 
 -

; 
 -> 

"XML".  
https://www.google.com/calendar/feeds/user@gmail.com/public/basic; 

  
 

https://www.google.com/calendar/feeds/user@gmail.com/private/full 

 

 
  openhab.cfg 
 https://www.google.com/calendar/ 
 -

 
 -> "XML". 

  
 https://www.google.com/calendar/feeds/user@gmail.com/pri

vate-da2412ef24124f151214deedbeef1234/basic 
  

 
https://www.google.com/calendar/feeds/user@gmail.com/private-

da2412ef24124f151214deedbeef1234/full 
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. 

-

 
 

sendCommand(<itemname>,<value>) 

 
  
 

-persistence. 
 

 
 

 
 

 

  

PresenceSimulation ON.  
.   

1) : 
 

-1); 
 increaseMasterVol

 
 

 
 -1; 
 

sounds); 
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: 

 -
HTTP; 

 -HTTP; 
 sendHttpPutRequest (String url, String contentType, String 

-HTTP  
 -HTTP; 
 sendHttpPostRequest (String url, String contentType, String 

-  
 -

HTTP. 
3 . 

: 
 

 
 

 
 executeCommandLine (String commandLine, int timeout): 

  
 

 
-

 
. 

 
 

  
 sendDirectMessage (String recipient, String message

 
: 
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 getBeaufortIndex 

 
 getSeaLevelPressure (double pressure, double temp, double 

  
 

. 
 

 
1.5  
 

 http://www.openhab.org/getting-started/
, 

- C:\
- /opt/openhab. 

, 

- -
-

- ,  
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-
 

 . 

 

 

, 
 

  
 

-
 

, 
 

1)  
  ; 
  /ne

 
2) 

 
 ; 
 

https://api.telegr
; 

 
result [0] .message.from.id - . 

, 

 
telegram: bots = bot1, bot2 
telegram: bot1.chatId = 22334455 
telegram: bot1.token = xxxxxxxxxxx 
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telegram: bot2.chatId = 654321 
telegram: bot2.token = yyyyyyyyyyy 

 
 

rule "Send telegram with Fixed Message" 
when 
          Item Foo changed 
then 
          sendTelegram ( "bot1", "item Foo changed") 
end 

 

 
https://my.openhab.org/openhab.app?sitemap=yoursitemap 

 

, 

 
 , 

 
 

 
 decimal, 

HSB, increase  decrease, on  off, open  closed, percent, stop  move, 
string, up  down. 

 
 

mailcontrol: username=email.address@some.com 
mailcontrol: password = XXXXXXXXXX 



34  

mailcontrol: smtphost = smtp.mail.some.com 
mailcontrol: smtpport = 465 
mailcontrol: smtpauth = true 
mailcontrol: smtpstarttls = true 
mailcontrol: smtpsocketfactoryport = 995 
mailcontrol: pop3host = pop.mail.some.com 
mailcontrol: pop3port = 995 
mailcontrol: pop3socketfactoryport = 995 
mailcontrol: pop3socketfactoryclass = 

javax.net.ssl.SSLSocketFactory 
 

-  
 

 decimal: { "messageType": "110", "productVersion": "1.0", 
"itemCommand": { "timeSent": "0", "command": { "commandType": 
"DECIMAL", "value": " 1.2 "}," item_id ":" Item "}," senderEmail ":" 
email.address@some.com "}; 

 on - off: { "messageType": "110", "productVersion": "1.0", 
"itemCommand": { "timeSent": "0", "command": { "commandType": 
"ON_OFF", "value" : "ON"}, "item_id": "Item"}, "senderEmail": 
"email.address@some.com"}; 

 string: { "messageType": "110", "productVersion": "1.0", 
"itemCommand": { "timeSent": "0", "command": { "value": "someValue", 
"commandType": " STRING "}," item_id ":" Item "}," senderEmail ":" 
email.address@some.com "}; 

 up - down: { "messageType": "110", "productVersion": "1.0", 
"itemCommand": { "timeSent": "0", "command": { "value": "UP", 
"commandType" : "UP_DOWN"}, "item_id": "Item"}, "senderEmail": 
"email.address@some.com"}. 

, 
 

, 
 

  ; 
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 ; 
 -> <your calendar>; 
 vate Address" -> "XML". 

 
https://www.google.com/calendar/feeds/user@gmail.com/private-
da2412ef24124f151214deedbeef1234/basic; 

    
  

https://www.google.com/calendar/feeds/user@gmail.com/private-
da2412ef24124f151214deedbeef1234/full 
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Smart House & IoT. 
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3. Porter M. How Smart, Connected Products Are Transforming 

Companies. Harvard In Business Review Articles / M. Porter, 
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-Wave, EnOcean, ZigBee. 
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(http://ernst.kiev.ua/Jasnogorodka_ru.html)  
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Telegram Messenger; 

 
 

 
 

  

2.32. 

Arduino Mega 2560 
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-
 

 
Arduino Mega 2560 - -
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.33): 
 

-  
  

- 

 
  DHT11 

-
0-

 

 
.33 -  
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 Room - 
 

 Outside Temperature - 
),  

 Astronomical Data - 
);  

 Date -  
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my.openhab ). 
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2.3  
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. 
 Arduino Nano V3; 
 -  
 -S201; 
 
 

 -
 

). 

- 

 
.  

 
 

 Arduino Nano V3 
 

Wi -01 
 . 

-
- -

, . ESP8266 
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  -01 
 

  -S201 
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DS18B
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 .46). 
 

 
 

.46  DS18B20 
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 -Wire; 
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-  
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3. 

 
4.   
5.  
6.  
7. -  

 

 
 

   
 

 

 
). 

 
 



80  

 

 
 

   
 
 
 

 
 

   
 



81 

- 
  

). 
 

 
 

   
 
, 

-

 

 
GET / path / resource? Param1 = value1 & param2 = value2 HTTP / 

1.1 
-  



82  

 userID  
 

 ticks  ,  
 temp   
 secs  
 
 shunt   
 bus   
 curr  ; 
 load   

 
, 

 

.  

 
 clearAndLoadAllUserData()  

 
 getUserData()    
 updateUIWhenReady()  

 
 parseDataAndAddToUser(data, user)  

 
 updateUI()   
 function DataPt(epoch, fullDate, secs, ticks, temp, shunt, bus, curr, 

load)   
 

 
 

 : 
  

 RFID   
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  2.57. 
 

 
 - 

 
  Adafruit TXB0108 - 

  
  LM2596 - , 

 
 

 
 

 
 

 
 

  
 

   
 

 
  

 
 -

( ) 
 

Proteus, Arduino 
IDE, AltiumDesigner. 
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); ( ; TCP/IP & POE 
 

 
 

 ATMEGA168PA (TQFP32) - 
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 Arduino Nano - 

 

Ethernet-
 Ethernet-  

Arduino Nano 
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  L902 

 

 
HX-711 

 
DS18B20 

Arduino Nano 

Ethernet-  
ENC28J60 

 
TL-WR841N 

OpenHAB 
HP Pavilion 15n 

ModBus TCP RJ-45 
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Modbus.  
 

 
####################Modbus Binding ##################### 
# 
# sets refresh interval to Modbus polling service. 
# Value in milliseconds (optional, defaults to 200) 
#modbus:<slave-type>.<slave-name>.<slave-parameter-

name>=<slave-parameter-value> 
 
modbus:poll=1500 
 
# read Data from Arduino  
modbus:tcp.slave1.connection=192.168.0.161:502 
modbus:tcp.slave1.id=1  
modbus:tcp.slave1.start=100 
modbus:tcp.slave1.length=2 
modbus:tcp.slave1.valuetype=int16  
modbus:tcp.slave1.type=input 
 

 
  
 

 
 

,  
  
 

 
   

{modbus="slave1:0"} 
Number Weight_1_RAW "Weigh_RAW [%.2f kg*100]"  

{modbus="slave1:1"} 
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demo.rules: 
  

rule "modbus Temp division" 
when  

    Item Temp_1_RAW received update 
then 

         var Number temp = (Temp_1_RAW.state as DecimalType)  
         if(temp > 0x8000) {temp = temp - 0xFFFF } //to catch negative 
numbers 
         temp = temp / 100 
  postUpdate(Temp_1, temp) 

end 
  

rule "modbus Weight division" 
when  

    Item Weight_1_RAW received update 
then 

         var Number weight = (Weight_1_RAW.state as DecimalType)  
         if(weight > 0x8000) {weight = weight - 0xFFFF } //to catch 
negative numbers 
         weight = weight / 100 
  postUpdate(Weight_1, weight) 

end 
 

  2.66, 2.67). 
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sitemap demo label="Beehive" 
{ 
 Frame label="Hive" { 

  Text item=Temp_1 
  Text item=Weight_1  
 } 
 Frame label="Date" { 
  Text item=Date 
 } 
  Frame label="Charts" { 
        Text label="Charts" icon="chart" { 
   Chart item=Temp_1 period=d refresh=1000 
   Chart item=Weight_1 period=d refresh=1000 
 } 
 } 

} 
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2.67   
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{modbus="slave1:0"} 
Number T  <temperature> 
 
Number Weight_1_RAW "Weigh_RAW [%.2f kg*100]"  

{modbus="slave1:1"} 
Number Weight_1 "Weight [%.2f kg]"   
 
DateTime Date "Date [%1$td.%1$tm.%1$tY, %1$tA %1$tk:%1$tM]" 

<calendar> {ntp="Europe/Kiev:en_EN"} 
 

 
2.68
OpenHAB UUID, OpenHAB Secret.  

 

 
 

   
 



102  

https://myopenhab.org/openhab.app?sitemap=demo. 

 
 

, 

  
 

 

org.openhab.persistence.rrd4j-1.8.3.jar.  
 

 ${openhab_home}/configurations/persistence/rrd4j.persist; 
 ${openhab_home}/configurations/openhab.cfg. 

rrd4j.persist  

 
openhab.cfg  

 

DATASOURCE_STATE. 
 

 COUNTER   
 GAUGE  
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 ABSOLUTE  
 

 DERIVE  
 

 
 

Strategies { 
 // for rrd charts, we need a cron strategy 
 everyMinute : "0 * * * * ?" 
} 
 
Items { 
 Temp_1,Weight_1 : strategy = everyMinute, restoreOnStartup 
  
} 

http://<server>:<port>/rrdchart.png 

 
  
  
 

 
 

"groups"; 
 , 

"items". 
:  
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2.7 Thingworx 
 

ThingWorx IoT 
 -

  

 
  

  
 

 : 
  
    
  
  
   

 
 

(SDK). 
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-
 

 

 
- 

- 

 
 

 
 - 

 ,  
  

  
  
  
 

 

 
 . 

http://www.thingworx.com/iot-
platform/.  

http://www.thingworx.com/academics/example-iot-projects.  

 
,  

Thingworx   
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 , 
: 

http://zntu.cloud.thingworx.com/Thingworx/Composer/. 
).  

, 
1

 

  
- ): 

 

 
 

2.70   
Composer. 
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.71   
 

 

 
 

2.72  -  
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2.73, 2.74
 

   
 

 
2.73   
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2.74   

 
 

 
 

 2.75  .  
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 2.76  .  

 

 
 

2.77   
 
 

- 2.82); 
 3). 
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2.78   
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 2.83  
 
 Android-  

orx, 
http://www.thingworx.com/Academics/Example-IoT-

Projects/Getting-Started-With-Android-Smartphones-And-ThingWorx.  
, 

 
-  

  
   

 
 ). 

 
  

); 
  
  ); 
   

, 
); 

 ). 
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  mashup 
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  . 
 
 

 
 

1.  
2. 

 
3.  

 
4.  
5. 

 
6. 

 
7. 

 
8. 

 House & IoT? 
9. 

 
10. 

 
11.  House & 
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12.  House & IoT 
-Slave? 

13. 
REST API? 

14. -
 

15.  
16.  
17.   
18. 

 
19. 

 
20.  
21.  
22. 

OpenHAB? 
23.  
24. 

OpenHAB. 
25. 

OpenHAB? 
26. 

OpenHAB? 
27. 

OpenHAB? 
28. 

 
29. 

 
30.  - - -  
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, 55, 94 

-  
 

, 10 
-  

 
 

 
 

57, 66 
 

, 47 
, 75 

 
, 76 

, 20, 42, 
44, 57, 66 

 
, 75, 92 

 
, 29 

 

, 57 
 

 
 

 
 

IT-  
 

, 27 

 
 

 
 

 
 

 
 

 
, 

52 
 65, 66, 83, 86, 92 

 
 40 

 86 
 

 
 

 
 24, 25, 30 

 
 

 
 

 
- -

 
 

A 
Actions, 29 
Android, 113 
Altium Designer, 86 
Arduino, 6, 12, 15, 40, 54, 57, 64, 
74 

 
Bluetooth, 10 
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CDMA - ivision Multiple 
Access, 10 
E 
Embedded System, 10 
Ethernet, 10, 16, 90, 94 
J 
JSON - JavaScript Object 
Notation, 16, 21,32,33  
I 
IDE - Integrated Development 
Environment, 42,54, 86 
IoT  Internet of Things, 5, 9, 10 
IR diod, 44 
G 
Google Calendar, 27, 28, 34 
GSM - Global System for Mobile 
Communications, 10, 83, 84, 86 
M 
Mail-Control binding, 21, 33 
Mashup,105  
my.openhab, 33 
O 
OpenHAB, 6, 12, 20, 21, 40, 60, 
64, 94 
P 
Proteus, 86 
Protokol 
UART - Universal Asynchronous 
Receiver-Transmitter, 54, 75, 84 
I2C - Inter-Integrated Circuit, 54, 
77, 84 

ModBus, 15, 94, 97, 98  
SPI -  Serial Peripheral Interface, 
54, 84, 92 
R 
Raspberry Pi, 6, 12, 15 
REIoT  6, 14 
RELDES - Remote Laboratory 
for Design of Embedded 
Systems, 6 
REST API, 6, 16, 20 
RFID - Radio Frequency 
IDentification, 10, 20, 52, 83 
RGB - Red, Green, Blue), 20 
Rules, 24 
S 
Script, 24 
Smart House& IoT, 6, 15 
T 
TCP/IP - Transmission Control 
Protocol/Internet Protocol, 16, 
74, 83, 86, 90 
Telegram, 21, 32, 64 
Thingworx, 104 
U 
USB - Universal Serial Bus, 15, 
74 
W 
WiFi -  Wireless Fidelity, 10, 74, 
75,79,81 
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, 
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-
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-75-95; 213-75-05. 
 

 
 

- http://www.dikoepole.zp.ua 
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