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ABSTRACT

In this paper, we develop a complex environmental sensor device based on WoT (Web of Things) standard
protocol for effective and stable indoor environment control and real-time data collection. The environmental
sensor is equipped with complex sensors such as temperature, humidity, illumination, sound, carbon dioxide,
particulate matter, and formaldehyde to calculate the thermal, visual, auditory, and air quality comfort that
people feel in indoor spaces, and is developed by applying the WoT standard protocol for linking with various
application/analysis services. Additionally, to ensure the stability of long-term data collection, an MCU is
installed in addition to the CPU to monitor hardware and network status. On the software side, it adopts a
microservice architecture to provide load balancing and high availability. Additionally, a cloud management

platform have been developed to improve the manageability of multiple devices installed in various locations.
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X 1. Sensor-Config A4 s} 3
Table 1. Sensor-Config file format
Sensor Config Explanation
Name Configuration
Name
Version Conﬁgu.ratlon
Version
Last Modified Last Modified
Date
Service Id Service Id
. SW Software version
Version -
HW Hardware version
Environment
Metri
etne Identifier (.env)
Device 1d Device Id
Default Tags Tags
Mac Change Mac
Address Address
Main Main Display
Display Configuration
Device .Sub Sub .D1sp1.ay
Display Configuration
Auto Restart
Restart
Sensor
. Keep a Sensor
Keep Alive Alive
Sensors : List Collection Data
[{‘Name’,‘enable’}, -] List
Data Type Database Type
Source Path Database Path
Sensor
Node Sensor Enable, Version,
Data Binding
Aggregator Address/Port
Sensor Enable, Version,
Data Forwarding Server
Forwarder Information
Sensor Enable, Version,
Modbus Setting,
Modbus .
Service Binding
Address/Port
Sensor Enable, Version,
Services WoT Options,
WoT sl
Service Binding
Address/Port
Sensor Enable, Version,
Discovery MDNS Setting
Service WoT Options
Sensor Enable, Version,
ThingWire Binding
Agent Address/Port
Sensor Enable, Version,
ThingWire ThingWire Server
Proxy Information

458

formaldehyde
shape hcho
Table Name id INTEGER ~ Fine Particulate Matter

Column A Type A datatime .DATAHME LU
Column B TypeB id INTEGER
Column C TypeC value FLOAT datatime  DATATIME
transmission | TEXT pmic INTEGER
€02 lluminance pm25c INTEGER
pml0c INTEGER
co2 Ix pmi  INTEGER
id INTEGER id | INTEGER pm25  INTEGER
datatime  DATATIME datatime | DATATIME pml0 INTEGER
value INTEGER value INTEGER pou3 INTEGER
transmission TEXT transmission [ TEXT POUS INTEGER
plud INTEGER
humidity temperature p2us INTEGER
humidity temperature pSu0  INTEGER
id INTEGER id INTEGER pl0u INTEGER
resf INTEGER
datatime | DATATIME datatime  DATATIME resb INTEGER
value FLOAT value FLOAT chksum INTEGER

transmission  TEXT transmission| TEXT transmission  TEXT

a2 6. A W defelule]~ 2
Fig. 6. Internal database schema for sensor data
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E 2. WoT A= A| JSON-LD
Table 2. Thing Description JSON-LD

{
title: "KETI IoT Environmental Sensor”,
titles: {”en”: "KETI IoT Environmental Sensor”},
description: “KETI IoT as WoT”,
descriptions: {...},
support: github URL,
"@context”: [...],
properties: {
timestamp: {...}, datetime: {...},
temperature: {
type: “float or null”,
description: “temperature”,
descriptions: {”en”: “temp”},
": "example”,
observable: true,
readOnly: true

"iot:Custom”:

},humidity: {...}, dewpoint: {...}, Ix: {...}, sound:
{...}, co2: {...}, hcho: {...}, pml: {..}, pmlO: {...},
pm25: {..}, aircontemp: {...}, aircononoff: {..},
ventairvolume: {...}, ventonoff: {...}, lightonoff: {...}

B
actions: {
ventairvolume: {

description: “Ventilation Set Air Volume”,
descriptions: {...},
uriVariables: {
volume: {* type 1nteger
"minimum”: 1,
“maximum”: 6 }}},
aircontemp: {...}, aircononoff: {...}, ventonoff:
{...}, lightonoff: {...}
5
events: {
aircontemp: {
description: “aircon temp change event”,
descriptions: {“en”: “"}
},
aircononoff: {...}, ventairvolume: {...}, ventonoff:
{...}, lightonoff: {...}
}

", e

——

=3 2w ol = WoT A Zke] TD URLS
A st sk
olz1gdk WoT A& " 7|52 Sensor WoT
Discovery mto]|a2AIH]2ol|A AlFgcl mDNSE
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E 3. WoT Properties AH A% E 5. WoT oJHlE AlE %A%
Table 3. Thing Properties Description Table 5. Thing Event Description
TD Description Type TD Description
KETI IoT Aircon change event of air
Title Environmental String Temperature conditioner temperature
Sensor ;
h f
Aircon On Off | € an'g§ event of air
. KETI IoT as . conditioner power
Description hi String
WoT Thing Events VENT Air change event of
git://github.com/e .. Volume ventilation air volume
. . Scripting
Support cllpse/thmgw.eb.n API VENT On Off change event of
ode-wot.git ventilation power
Timestamp timestamp Int Light On Off | light change event
Datetime datetime String
Temperature temperature Float, Null request:
sensor Sarvice Type (ex. _wot_tcp)
Humidity humidity sensor | Float, Null
Dew Point dewpoint Float, Null b b A0S It et ernCOD wet, tcp. Tocs
[keti-wat-envl19E6 lecal]
Illuminance light sensor Int, Null Hress = [182.168.107.101]
260A0]
Sound sound sensor Int, Null fRetHlot-emronmental-sensar’]
CO2 carbon dioxide Int, Null —
) e
Z | HCHO formaldehyde Float, Null .
o
2 | PMI PM-1.0 Int, Null
(e}
“ | PM10 PM-10 Int, Null ——
PM25 PM-2.5 Int, Null Ao that [gnores mONS request:
Aircon air conditioner Int
Temperature temperature 2| 9. mDNS AH]~ WA 2%
; s Fig. 9. mDNS service discovery flow
Aircon On Off air conditioner Boolean
on/off
VENT Air ventilation Air kit
Boolean
Volume volume
VENT On Off | ventilation onjoff Boolean . il -
Light On Off light on/off Boolean
keti-iot-environmental-sensor"
E 4. WoT Action = "4 22 10. 244 mDNS TD Al wbd e s}
Table4. Thing Action Description Fig. 10. TD service discovery using mDNS
) D inti URI
escription Variables 2 A7} 21412 IP, Hosthame 5 A WS HEF|AE
Aircon air conditioner set Int 2 oA BT B o SRR AlA] el =
Temperature temperature 1-6) mDNS 7MAIS A4 A= AW A7E A}sic)
Avcon o orr| 4 <enditone | g, oA AAE A gehd MESZ Edfee 29 4 9)
on/o .
Action ; — 32 AH) 2 25} &wev) gl 18] 10-S mDNS 7|
VENT Air ventilation air Boolean HF WoT AH] 2~ 1 7)5-8 23t Babala] 4] e]
Volume volume N e a3
pap: _’J,]——— E
VENT On Off | ventilation onfoff | Boolean A ARE e
Light On Off light on/off Boolean
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platform [12]
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