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Abstract

Automation systems are advancing in the Internet of Things(IoT) domain, with code generation technology
accelerating this process. However, to effectively control actuators in IoT devices, accurate device information input is
essential during code generation. Therefore, this paper proposes an Arduino code generation system based on a device
registry. The proposed system allows users to define and register metadata related to sensors and actuators by
utilizing a device registry. Additionally, prompts are defined using the GPT-3.5 API to generate Arduino code based
on the registered metadata. Finally, implementation and scenario testing verify that the proposed system functions as
expected. This system offers an efficient approach to IoT device development and is expected to significantly improve
the accessibility and usability of IoT technology.
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Table 1. Data structure for specific information

specific data o
) , description
information type
. number that binds the
group Integer same type of key and value
classification name of
key string various specifications of the
device
value string value corresponding to key

#* 2 EY MEoM HelE loT ClHlo[AL| of
Table 2. Example of loT device defined in specific
information
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Table 3. Definition and examples of metadata for code generation
key data type description example
actuator_pin integer describe the actuator pin number 9,10,11
Sensor_pin string describe the pin number of the sensor A
commands string describe the actuator control instructions ON, OFF, SET_COLOR
initial_value string describes the initial setting value of the actuator RED
delay integer describes the delay time after the command is executed 5000(ms)
purpose string describes the purpose of the device color control
library string describes the library required for arduino code LiquidCrystal
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Table 4. Definition and example prompts for generating arduino code

sequence description prompt
examples
check the features required for the device and write the code accordingly
1 delivering clear Generate Arduino code for the following device data:
requirements {"device_id":${deviceData.device_id}" device_name”: "${deviceData.device_name}’,
${Object keys(metadata).maplkey => ""$lkey}”: "${metadatalkeyl}").join( \n')}}
- It does not include code block markers or additional descriptions (ex:")
2 code restrictions - o
Do not include code block markers like \'W\' or comments
) Declare the variables you need and set the initial value to the metadata you
declaration of _
3 specific variables received
P Declare any other necessary variables based on the provided metadata.
A code structure Defines how each device operates within setup() and loop() functions.
specification Initialize the pins and set up the serial communication in the \'setup()\' function.
We implement a logic that periodically transmits the current state to Raspberry Pi.
5 state transfer if the device has a metadata.sensor_pin, send the sensor data as well in the sa
logic specified me format:—="{\\"device_id\":\\"<device_iod>\" \\"actuator\\": \\"<currentActuatorState>\\",
Wsensor\\': \\"<currentSensorData>\\" }'
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Table 5. Server implementation environment
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Table 7. Metadata for code generation

features specification metadata(key) value
oS Window 10(x64) Actuator pin 9,10,11
Device Registry Node.js, Javascript Sensor pin A0
database MySQL PUDOSe Arduino detects CO levels with
DB Manager Python P MQ7 and signals to RGBLED.
Device Manager Python commangs | ONSET COLOR RED.SET COLOR
MQTT Broker mosquito__ _BLUE.SET COLOR_GREEN.OFF
monitoring system Node.js, Javascript =
code generate GPT-35 API Initial value red
g - Delay 5000
¥ 6. TEE loT ClojojA AH
g 5 ) d} o A A JjcE
Table 6. Implemented 0T device specifications ]:L“ 32 Vg 4];1 d ‘—}—% Y ‘]"% :E B
o] A8 2= A A FTE AxQ ES EJ
features specification A AR g_ °‘_“ = _“JJ(E W zoo o
platform Arduino Uno, Raspberry Pi 4 FE7F A AsstkeA 9 ¢ dEE HES F
sensor MQ-7 3 o}Folwo] JdEE A = Ut Anpdol o)t
actua.tort. RQETLE[?t o] Qb AR HWEo] FAEHT Y HES
communication serial po £3) ofSo|io] AT TS 2T A7 2 9

Jgl 2 loT Cldiolael 3
Fig. 2. Implementation of 0T device
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Generate Arduino Code

Select Device: [CO v || Generate Code |

Generated Code

void setup() {
pinMode(redPin, OUTPUT);
pinMode(greenPin, OUTPUT);
pinMode(bluePin, OUTPUT);
Serial.begin(9660);

}

void loop() {
if (Serial.available() » @) {
String command = Serial.readStringUntil('\n');

if (command == "ON") { -

‘ Compile |
O3 3 olEldolH 7|gt $ME ZE AFEIA
Fig. 3. Metadata-based generated code screenshots
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16:22:56.262 —» { "device_id" , “actuator”: “red”, “sensor”: "88" |
- e, :tredt, “:otEgn ) o Ay 1 =
PELImT ey mm e 2 eRelA Auelet 39 63 2ol olfold

o] Tl & =M Al wErEoly Zt

Eg d3do]HE Aojdt
8

3% 5 RGBLEDS| Az
Fig. 5. RGBLED serial
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Table 8. Description and operational status of the implemented sensors and actuators

Edfol AHEAR

num. | sensor actuator description operation
1 - Servo motor |- Rotate to the desired angle between 0 and 180 degrees. V
LCD Display |- When a string of 32 alphabetic characters is entered, the string is
2 - ' V
1602 displayed.
- The measurements from the MQ7 sensor are periodically stored in
the database.
- A string code for a color is entered, and the RGB LED displays
3 Ma7 RGBLED the corresponding color (e.g., RED, GREEN, BLUE). v
- Three values between 0 and 255 for RGB color are entered, and
the RGB LED displays the corresponding color.
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Device Registry
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Fig. 6. How to build a dust kit using the proposed system
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[5] Dust kit
modify back

Common Information

Attribute I Value
Item id 5
Registration time 2024-11-04 10:16:03
Model name Dust kit
Device type Dust kit
Manufacturer DSEM Lab.
Category actuator & sensor
Specific Information
Group Key Value
1 sensor temperature
1 unit_of_measure C
2 sensor humidity
2 unit_of_measure %
3 sensor dust
3 unit_of_measure ug/m3
4 actuator rgb_led
5 actuator fan

a8 7. gdolA X|AER| HE S5
Fig. 7. Register device registry information
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Code Generation Metadata
Actuatorpin rgb_led:
9,10

Actuatorpin fan:
8
Actuatorpin lcdDisplay:
13,12,54,3.2
Sensorpin dht11-
7
Sensorpin dust:
A0, 11
Commands:
Fan_On, Fan_Off
Fan Initial Value:
OFF
Delay
5000
Purpose
Collect and manage air quality data

Library

DHT11, LiquidCrstal

Threshold:
70
2 8 D[MTX|F|IE ZE MA %
Fig. 8. Metadata definition for d
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~ @ Real-time Air Quality Monitor: X 4 - (m] x

¢ C | G GoogleOI A 4Ll URLE 2listHIQ. 0 :

Real-time Air Quality Monitoring
Current Sensor Data
Device ID: 4
Timestamp: 11/09/2024, 17:25:19
Temperature: 23 °C
Humidity: 49 %

Dust Level: 107.08 pg/m?

RGB LED: RED
Fan: OFF
(39
4

3% 9. 0[MHX|F|EQ| BUE{Z A|AR AJEIA
Fig. 9. Screenshot of dust kit monitoring system

17:38:69.994 -> ust”: 51,48, "rgb_led": "I

{"device
17:38:05,070 > {" 23 " 82,97 "raboled”
17:383:100193 > {"device_id "temperature’: 23, "hunidi "1 105,42, "rab_led"
17:33:16,284 —> {"device_id "temperature’: 23, "hunidi " 98,78, "rab-led”
17:33:20,369 > {"device_id "temperature’: 23, "hunidi "1 102,83, "rob_led": "
17:39:26,454 > {"device_id": "4","temperature”: 23, humidity”: 49, "dust”™: 97,12, rab_led": "
17:39:30,529 > {"device_id": "4","tenperature”: 23, humidity”> 49, "dust”™: 107,08, rab_led
17:39:35.620 -> {"device_id": "4", “temperature’: 23, humidity": 49, "dust™: 103.76, "rab_led":
17:39:40.634 > {"device_id": "4",“temperature’: 23, humidity”: 49, dust™: 99.61, rab_led": "RED","fan": "ON'}
17:39:45.799 > {"device_id": ure L Chumidity”: 48, "dust”: 104,59, reb_led”: "RED","fan": "ON"}
17:39:50.901 > {") d: © 23, "hu ust”: 105.42, "rab_led”: "RED", ON"}
17:39:55.961 -> {") ;e ust™: 100,44, "rgb_led": "RED" ON"}
17:40:01.075 > {") d" ust”: 99,61, "rgb_led": "RED" O}

_id"s t

17:40:06.150 > {"dey L humidity”s 49, "dust”: 102,93, "rgb_led”: "RED","fan": "ON"}

agl 10. o|MHX|Z|ELQ] Al2[d ZHH
Fig. 10. Serial monitor of a dust kit

A5 44 A2

id timestamp temperature humidity dust rgb_led fan

______ 1 2024-11-05 16:22:16 21 38 87.99 ON OoN
2 2024-11-05 16:22:21 21 38 98.78 ON ON
3 2024-11-05 18:22:26 21 3B 85.5 oM oN
4 2024-11-05 18122131 21 33 94.63 oM oN
5 2024-11-05 16:22:36 21 38 95.46 ON OoN
6 2024-11-05 16:22:42 21 38 86.33 ON ON
7 2024-11-05 16:22:47 21 3 69.73 oM oN
a8 11, o|MeEx| 7| E2| Hlo[8 T H|o|E

Fig. 11. Data collection table of a dust kit
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