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Abstract With the global increase in electricity demand and growing concerns over climate change,
improving energy efficiency and reducing carbon emissions in buildings have become critical
challenges. Effective energy management during the building operation phase requires real-time,
data-driven analysis and control. This paper proposes an AloT (Artificial Intelligence of Things)-based
intelligent energy digital twin platform to address these needs. The proposed system adopts a
three-layer architecture consisting of a sensor layer, an edge layer, and a data management and service
layer, enabling real-time acquisition and processing of environmental and occupancy data. A
YOLO-based object detection model is deployed on edge devices to estimate occupancy from camera
streams, which is integrated with environmental sensor data to accurately reflect space-level energy
usage characteristics. In addition, a digital twin—based energy model is developed to replicate building
energy consumption patterns in a virtual environment and derive rule-based energy-saving guidelines.
The proposed platform provides a scalable framework that can be extended to renewable energy and
external energy systems, contributing to building-level energy optimization and future smart campus
and smart city applications.

Key Words : AloT, Energy Optimization, Al, Smart Energy, Edge Computing, Digital Twin, Carbon
Neutrality
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[Fig. 1] Overall Architecture of the Proposed System

3.1 AloT7 |8 X[SYOLX] Q1= B

£ dFolxde AntE Hdg A9 oA B&
ST AT 29 XSS BHE, AloT(Al + Internet
of Things) 715t} 53 ovA] 1=zt BEE AAst
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1) AloT intelligent Energy Infrastructure T}HE O] A
H= AT Zo] AxTox] £Y5= 255, A4, 1Y
Hole & X AFE 7|5t AFo A Holg A
5 QY FL AW qEEE AR AA A Sl
Ae 25 9 A4 FE, A9 Holy 55 Z3e 4
W &4 tlolelg #7180 8 S35k, X114 7|5F &
A AA YEYIE B9 ol§ A Hulo|AR AT
o} QA AT MY AN E JIFA s FE0| 7}
53 Al 7 SIESIolE E85te], AAIRE Hold £4-
A A FF oA 4H] oS W ol A9} 2
A58 £4 715 30] 7Fest=s AA=HAS. 4
= dlolEl= A tlolEHo] Ao F23HE P2 AP
Eo] o]g #9} Hloje FA4E B, A9l A4
2 AFolA+= RESTful API 715t Hlolg A5 #HAY
&2 59l & 71 BUEE A EE E R B4 AlA
H3t A5Eo o]t AloT 719k X153 oA Azt
nd2 txg EY 8419 AAE Fof oA £
35 HE FUsHA BT 5 3o, FF AdE 73
9 oz A3} Alo] 9 ghA Az A F=HS gt

W A 7leE 8 FFssi

3.2 AOEENHX| CXEHEZ 2

£ AFolA= AloT 718F o|A] Qlizete} offi7] H
ol ZRFoRHE £HE JHE 8o, AE &
9] AntE oA HAYEAS F5511t. [Fig. 1]
9] 2) Digital Twin Simulation TtEO|A H&= A} 2+
o] Aigtd HAEEYS AA AE9] A=A AL AdH
o} 2F EE tAE At HFFoEH, oA &
2 AWH o= mostal B&AQl oA T=E XY
Sk AE HHE Ath HAHEY Rd M8 AN,
A 24 TolE, A FE 5 4 oA HolHE
7IRto 82 A=, AR 37 ou x| &M &
= B4 4 e E AAESI olF B 1Y 9
Z27 #slol] W2 oA £8E& 7MY N4 AESH
, =9 A=k ol 8% 4= ok B E A7 o
HEYL S tolg ¢ oA HH3}t 71t AA
o], 2& YA 8& I L7 3= Ad
St= 718t 71e=2 &8 7hssi

S

o R

3.3 AloT OfL{X|H[0|E] 3=

[Fig. 119] 3) AloT intelligent Energy Platform I+
EoA Hi= At Zo] B AFolA= AloT 719t X153
Uz dAd EY EHE] atH<Ql Hlolg £ ¢
HZUEES 9ol & 715k ol¥A] Hlojy EHES 75



HZ0AX] &

2IS flet AloT7|8 XISHOLX| LXZER EHE 71 A7 11

Stict Aljtohs ZEL [oT AR Hupo]AoflA =3
2 9 A HolHE AARteR ARSAR QIE |
20 dgshe 722 AAENeH, A dollA AL
S Elo]EE RESTful API FE|2 AB|A A5l AF

Ft. ) BAES AW AolS AL AUt 1o
YIS 7R TR} 27] 29 Y3t HPHL

oty Hol I Y Aol Pk Aef At
A9sle 2 LRE L3519} o] E3 Zalo)

= 170

E7} [oT 1’43]-0] o] A AsA] YT kAo
=2 *ﬂ/ﬂ golgE 23J8 = JEE st +4E oy

A 82 EﬂolElt AT BUEY A BT} AJA
4 7Iute] A3t FEH= ATEo], AR e Wi
JH WIS AuHo R mefd 4 s AWttt o]
23t AloT ofuA] Hlolg E3F2 HAE E< 279
A9] AAIZE A BHgat B4 9] 7Rke Algshe, I

oAl 48] Y 24, 29 H2e} A 253 Al 7]
s e T Y dEuelAz &8E 4 3t

3.4 AAH! OF7 |EIA
[Fig. 2= Als3 oA &2 EH4F2] AA of7]E]
AE yehli, AA"2 QlEet AS(Infra Layern), &
PMEZ AlZ(Platform Layer), 7 AlZ(Virtual Layer)2]
3N AToR FgEnt WA et AS(Infra Layer)
oivA] T AA”E 35k &9 A2t Hlo]
1 T3 AlM o o]RojXtt E A A, 2%, &
T 5 4 HEE 3ok [oT AlA] 1z, 7hdetket
Al B 2835t ARGAL 7HA] Huto| A, T8ja 24
ole] HEE st A HHlelAR FAHHT 59

Platform Layer Infra Layer
‘ Al-Based Energy 10T Sensor Infra.
Optimization Algorithm Power Humidity‘ Temperature
AloT information data User Detection Devices
Analyzer Almodel || Al teal—time Edgj
E " application | (Camera | Al Inference
nergy Management - o o .
ey 8 Edge Device
Data ‘ Data ‘ T
Acquisiti Pr i ‘ ocal B ’Edge-basedAI Module‘
Pr
‘ Optimization ‘
IoT data User data Virtual Layer
Digital Intelligent Energy
User| User|| Ut " N
S1/8s2 @ i" ;" f‘e' Twin Simulation
Demand
Security and authentication S'“P'Ply'
Management |Optimization
Distributed
Authorzation| | (Account .

[Fig. 2] System Architecture
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£ AFollAe A= W HoiEE A dlolE Y] ARt
At ded F8 29 gA4E 98 ASUS Tinker
Edge R ®IQ1 o7 tufo]Ag A5t s tju}
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I ZAME 7HEO = shy, E3] 3.0 TOPYTera Operations
Per Second) 43%-2] NPU(Neural Processing Unit)7}
WElo] Slo] Ay S0l E 11 wiled 2]
7hsstt}. SR tHto]AL] A AR (Table 1), ¥
A AR [Fig. 3]ol4] Hoj&Ert

(Table 1> Specification of Edge Device

CPU = Rockchip RK3399Pro (Hexa—core)

NPU = Neural Network Processor (3.0 TOPS)

RAM = 4GB LPDDR4

oS = Debian 10 (Mendel Linux)

Network

= 802.11ac Wi-Fi / Gigabit Ethernet

[Fig. 3] Photograph of the Edge Device
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Shoith 2 AARI9] S AEQo] 54 @4 Python
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4.1.2 Zigbee 718t 24 MM Qlm2} 115
AlA HEQ = vlold $5419] b7 Sd/dS
Este] x| fupolA FA9 AR EEEX(Star

Topology)2 =3It} ol $39] 51 Aty
o]E](Coordinator)+= ASUS Tinker Edge R¥} Nero
XBee Explorerg Aot Fdst9on, ol& o
HEO] ERRE fA v glo] the] AlA ERHRE
glol8E 3ttt A= tHte]A(End Device)?! AlA
L= A4 919 HHEE Yol 7sER 2HE F
719l =829l Arduino Uno RERE F=HUch 94
AW &4 dolE 9] ti#EAdS gHst] fls & Al
LE=(Bnvironmental Node)E @A7A  FY(Main
Activity Zone)°l HiA|5}aL, DHT11 25% AlAe:
HC-SR505 PIR A& AZste] 4 2| 3xe} A4 o
HE TASHEE sioith ojeh iR o] Al =&
(Energy Node)= A 35 FA] Aol vjx]e}lom,
HIZEH 7419 SCT-013 AF AME d5Co& A4
sto] &84 7Hd glo] AY Fols AdsA 4T
L= HAISIALE (Table 2)& IoT HHlo]A A¥S
HolEw [Fig. 4= & Aol ARRE [oT HHfelA
ARS HojETh

(Table 2) Specification of IoT Devices

Sensor Type Model Measurement ltems Sampling
Interval (s)
Temperature & Temperature,
Humidity DHTT Humidity 20
PIR HC-SR505 Motion Detection 1.0
Power Sensor SCT-013 Current, Power 1.0
) Occupancy _
Webcam Logitech C270 (People Count) Event-based

[Fig. 4] Implementation of Distributed Sensor Nodes:
(a) Environmental Node, (b) Energy Node
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4.1.4 OMIE 7|4t 50|H2|= M X FHH2t H|of

A1Z47] Hlole] £ 9Jaf 9] tiuto] Aol Logitech
C270 HD 71 A4strt. 1=y ARl 94 &
Egyat Al 22 oA tjuto]A9] it Balg SVt
A7]3 BE Q3 AY 4AnE fHsit ol Fds]
Aol £ AFoMe B Aot v AAE AT AE
gt o|HIE 7|4t @A4dSKHEvent-driven Activation) H#A
UES Ajbstal o]& wERo] &ofl Fasieltt. 4
H mEYol: Zigbee HEYIE Ed] 4415 PIR
A A9 AS(mE EFAZ Z8glich BAA
(m=0)0ll= AL vEAst A2 FAlste 7] 28
& Hasisty, gAYl FA=E AR (m=D)ol £
Aoz sidzts E4dstslal NPU 7|5 24| &4 ¢

I5e Suwc BAo] gasl olgolt uf Fluck
SR L), FED), 2AUm), AR HolEst
W A4 9 RS Eelasmol Akl doje

ol2o] 7|53t of=et stejHe= Al w2 7IE
Of AFA AA A v HlolE AREA] ARSEE A4
Stal, AJAE A9 oA ade AdEoR PHA
7l S A [Fig. Ske A Hupo]29} A2
| Ale] AplE HojE

= S
[Fig. 5] Web Camera connected to the ASUS kaer
Edge R edge device

4.1.5 HO|H & OIS0 X GIO|E|H|0|A

2 AFollde oA Hefel ol HE AlA H]
olEE Yoz Aes] Asl 4F HolH 4 v
S9olet 22 dHlojgHolA 7vt 25 HASHAH.

gloly 3 gL AR AR FEH,
O AH 9 glo] 2rHtelX ggof|A AAIZE Hlo]
El A27F 7hsote s SHir:. AWt = gl ARt

& HlojEHo] A5 gt AAF A AREE 4
9}°P°d°t4 AA S48 9 BHIARRE 7S
EX AAG A4 2 FE Al 3y HlolHE 283 5
U= A, FAIA vEdol 7 ol
Hlo|& A7jaks 4,374 AA|S] 71ETt.

keie)
oo

4.1.6 NPU 71& 7|dF ZHH| EIX| A|AH
71 PIR A4 719t A4 A0 $AE Beel] 9)
ofl, 2 AollAl= NPU 7 719 G4 A Q14 o]
q3% AAsGt Y LR 94 qenE A5

YA A 348 oA Hefoles el 1 Sehs
£dsfol2s Al 728 JML22 S, YEH2 A9 3
NAHR §2 98e Aokl

G4} 718 A Q14 Ak AA Holeleh Akl

o] Aol 23t XY B AL WA A
olelz FgHt A8E Hely Ll 22 vojxe}
9lo] FAH FA WEL 4338014 it

4.2 ANEMUX| CXEEH 75
2 oA Asd ovA bAE E

A3 AAl =] =24 e HAE

+ UAE Ed A& diFt WE2 71&

d FEI
s 1

AH10
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E Lo A& SweetHome 3DZ AIZFE AA] HE
Ag 32 A Et e B 55w A7)
24(obj)& Unity A0 E 7}AQ} 1913 Al gAlo]
7Fst HAE EY S A5 15 AlAH
2 7ME A=Y A3 AFAL ol 9 SE AP, 8
JHl A2k UIE £3shH, REST API 715 ToT AllAf
tlolElet AATte R AFEC] A FRI7}t A TYAIE
= TEE TR olE B3l T A4S BAE |
o], A4 34 BIZLE SA] Wigoks TXE EY A|AH
= sttt AA A= 25 7MY @740l wrgsh]
93l SweetHome 3DZ A& 245 HEFslaL, ol
.obj @42F Unity°] Importd}o] shte] Zjmio g
TskeltE. AR T dAE s AAGH A
= A7t Collidergs A&sf ¥-8leh-7149 3=
W& FE5Hth 3 CharacterController 7]8H]
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[Fig. 6] Digital twin space constructed from a
SweetHome 3D building model in Unity

4.2.2 loT G0o|Ef AS Ul T4
OAHEQoAL AY g4 AHE Aoz
4 AE=E Unityy Canvas®t TextMeshPros
a5t 3 AHI ULE 85k, [oT SHE0A Al
= REST API®} l&3te] AAZE HolH &713k&
Pt Ul World Space 2E=9] Canvas®
Hﬂq 7V AE R Edo] viAEglom, BEETY 1
g Qo 8 34 FJEE HAE 9 A v FHE
AlZrskstaint. e AEidels 2% (Temperature),
HFE(Humidity), A8 ARgFH(Power), A4 A
(People Count), A|28] EE(System Mode), AL
A (Alert Level), 221 #&A(Motion) 529 JH7}
FAIEH, AA [oT ANERE £ o877t AA|
7o 2 §rdHnt [oT SREFHS] A% REST API
7lHto 2 o|fojH o UnityWebRequests 3
JSON 32{9] AlM Ho[H g F7|4 o2 $AISH=S +
Astgitt. 4lE HolE= SA HAESL e
UI off ¥tg=m, AlAf gho] ¥sp7h A]E -9t Ul
£ 7Aste s AAsto] gtY] Wsol gl o IT 5
9}% AAH 259 @S UASH AAZE HolE
7} Unity XNEEY 402 HgEo] & (Table 3)
202 FHHY [Fig. 7] AvtEAYXA]

rhe

Jfole

O

ol
ok

ﬂl
L
Oll i

> o
014

o AAE 5
dlojg] A% UIE Hoj&th

(Table 3> Data Integration UI Description

Category Item Description
Canvas Mode World Spa(x_e canvas attached to
ul building walls
Configuration Environmental data displayed on a
Ul Layout .
semi-transparent panel
Temperature Indoor air temperature
Humidity Indoor relative humidity
_ Power Real-time power consumption
Dlsplay(_ed People Count Number of detected occupants
Information
System Mode Current system operation mode
Alert Level System alert status
Motion Motion sensor activity level
Communication . . .
Method Data retrieval via UnityWWebRequest
Real-Time API .| Periodic JSON data reception from
Integration | Data Acquisition AP|
Ul Update Real-time Ul updates
Data Source loT platform REST API
(4) Data Data Fields Environmental and system
Format parameters
JSON Structured JSON sensor data

. _

=I:26.6 °C
%E 31.0 % 501
e as  mew

M=1:12633.9W
[Fig. 7] Environment status Ul with real- time IoT
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EHo]A AA|, NPU 75t U] Al A &R AAH],
2] 7|5k Alo] 227} A} WAl T12]31 RESTful APl %
A 2UEY EAE0 dsl 7]<3H201.

4.3.1 of=40] 4 # HEQI EE=EX|

2 AtollAl A’k dlolE 3 EHES X A
RS 93k ASUS Tinker Edge R HEZ Q] AHE
Shal, EARE AA & 7Fo] B4l flsf A" A
B4 71491 Zigbee(XBee S2C) HES 28319t Al
A LE= ool 2 (Arduino Uno)E 7§t &2 F+
7HA] BFo & Jgstelth. A viA e AW 8 A

= S5 98l 25%= AADHTIDS Ad AAE
gt PIR E/‘% AXE GAfstlon, & HAf =E= A
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AloT intelligent Energy Platform

A A TRl

{oT Digital Twin System

chapter 4.3.1_Sensor value terminal output
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[Fig. 8] Overall implementation interface of an AloT energy data platform integrating digital twins, rule-based
control logic, state machine-based alarm functions, and sensor data connectivity

(SCT-013)& AZskoitt. ZF AlA koA 304 1
OlE& XBee ZES B0 FACo2 HEE M, Tinker
Edge RY A12]9 ZE(/dev/ttyUSBO)oll AZH ZHH|
OlE] W=7} o]& Alsk}, &S A4 YA RS
3l Logitech C270 HD ¥7& Tinker Edge R9
USB <lEjmo]Aof dsto] HAIZE G4 HolHE &5
SHes FAJskoith. of [Fig. 812 & w=wollAl 7Idet

F

A5 oA UAE B9 B¢ SRE0) 7d sHe
Gehfie, tixg 59 BT 71 75 Alo] =4, 4
o WAl Ak 2 715, Teln AN ole a4 7%
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S EA oz AYsl= AloT oA Hlolg ZHE
HojZoH21].
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4.3.2 O|Z90{ ¥ C|O|EH|0|A AAH|

AlA ol 9] bFARl 3 A= sl Python
719ke] H]57] o8 &7 (data_logger.py)E &5t
Aot vEgol= pyserial ElolEHEE O]Alé}oq 9600bps
o] £& & AlFY HolHE $4lsh, $41E UA] Tlo]
E(Raw Data)= 42 T 8= 7‘]7:] Lojz g ¢
1 HAIXE LEF3I golE AgARE dud=
ol HAske A=F dolEHo]A Xl SQLite3 S
ATt glojeHo]A AF|uHsensors.db)yx Al AE
dlojel #elg 918 BFYARL(timestamp)E 712 7]
2 31, =& ERl(node_type), 2%, &, 2AH, A

&, A8 g=& Z35kE readings HIOTER AAISHA
t}. nEols 41E A E (@ 'S2'= A o]
g, 2= 84 1:1]0] )& E4I5te] sig HolEol Tlo]
HE A Rt g H(INSERT)O}‘:} £3] motion ZH

Ago A,

R AlA9] 717 olele
SECER RN
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4.3.3 NPU 7|4t

<& PIR AIA Y 045 SIS Bokal gt A
Al Q1 melkE 98], £ AolA= NPU 71 715HY]
CCTV Y 24 AladE F53HdtH22]. A Huto]
A 2E Rockchip RK3399Pro Z2A|A7} EAE &2
Z9 ARgsl¥oen, WAE NPUNeural Processing
Unig &-8sto] AARE AAFEAE =Fgich

A G2 B2 oA 2o ARk A4t X
aste] AFshE YOLOvSs BdE 285191, o]
RKNN(Rockchip Neural Network) E%1& o]&3f &
4 EW(.rknn)o 2 Hﬂﬂo}‘ﬂ FE 5= A3t
[22]. G4} A mto]ZelRle OpenCVe} rknnlite API
£ 7I§to s FAgEm, TJ%'-J—E-,—H dgE AN &
#2640 x640 =R 2JAto]E F NPUO Y4
Hrt. 38 2= ¥4 (Post-processing) GAE &
8 A1ZX=(Confidence Score) 0.25 °A%l ZA &

X Al | BR] AIAH
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‘Person’ AT HEFHota, BIF JANMS,
Non-Maximum Suppression) €18&S -85}
5 A9 vReg IAE AAToZA HEgt HATE
A ¥4 (people_count)E A& g 94 &
A g2 Hr o] Ageg ¥E A Eo] el AlAF
9] K3l HAasletes A=

(Table 4) Performance Evaluation Results

Category ltem Result

. _ Precision 0.7309

Object Detection Recall 0.6568
Performance

F1-Score 0.6919

People Counting MAE (Mean Absolute

1.2553 persons

Performance Error)
Pre—process Latency 17.40 ms
Processing Latency | NPU Inference Latency 152.51 ms
Post-process Latency 130.99 ms
Overall System
Performance Total Latency 300.89 ms / frame

FPS (Frames Per Second)
Throughput

3.32 FPS
3.32 Frames/sec

Processing Speed
System Throughput

Aok A|A”IS] s B7F A= AR "R Ak
o AA”l A A SHollA EAEUT. AA "] 4
5= Precision 0.7309, Recall 0.6568, Fl1-Score
0.6919% Ueht o] g5t A F AR A 1]
£ AA AAE Aok HlE AlelolA Hwd 3
ARl A5 Brh E3 ¥ 4 YL E Hrtok
7] 13k A E] MAEE# Aol 3= 1.2553H 0=
UERY, AA Y4} dlE 194 Afel9] B a7t
oF 1.26% EUS GRIsIlH AlA” Y s SH
oli= AAE AAAZe] 17.40 ms, NPU 7|5 &
AAAIZrO] 152.51 ms, FA ] A AAIZe] 130.99 ms
2 A= on, AA F XA =g A9 300.89
msE YEET olo] wh AIA”IY] AP &= 3.32
FPS(Frames Per Second)o|™, A< A2|3F 3t 3.32
Frames/sec $+E2=2 SRIE|Q]t}. ol=fdt Axt= Algt
H AIAFo] NPU 718F 2] ©AE Bal Azl 717t

=2 06
2 A 4 9 AR e AT ¢ 22 HoiE

&

4.3.4 712 71Et Mo 25 2 HE M

S HolEGIA g Ad ADE 7He R F119
FEE dstaL Alojsh] A 2 7[¥HRule-based)
Aol 22 AY=E FASIAT ALE dHe 2A

Active(A4), Hold(th7]), Eco(EA)9] 3¢tA A H
Al(State Machine)2.& =ZFsic},

* Active EE: PIR AlA9 mA A E=
YOLOvSE B8l 19 o439 Qldo] #Ad A%
sy, gt 3 /AE et gES A

* Hold ZE: A4 1ol AAEA] ok 73S SA
AYS AdstA] kil 58(300%)9] Fol AlZkS

Fofst= tf7] Al
* FEco RE: 5E ol Z&QJojut A4 lgdo] A
7] g A Aoz A=, x| A
gt A1 HARE SES. 59|, Eco ZEI
AE 'HE(Verifying) ¥ "Eth&(Cooldown)
19 AEE Fol AlA e F o= Qlgh widgh
= H3e "R 5= 3| AH P A A(Hysteresis) &
Al A
— -1 O
A1 I HAX] T IYLS [Fig. 8]9] chapter
4.3.4_Rule-based control logic alarm logsolA] &
AT £ Ao

4.3.5 RESTful APl 2 ¢ ZLIHE EHZ
ARGALA AAIZE BUE Y D o] QIEHo]AE A
3o17] 9ol Flask ZH|FYPIE 7I6te 2 A AHE -
ool SollE 9 ojF A AH”I(Digital Twin)ZHe]
golg A% 95l RESTful APl QI==RIE
(/api/sensors/latest)E AABI¥ Lt 18|31 JSON X
wog A AlA Holg, A 1Y, @ A4 HE
4 49 HAXE el s skt E3L % U
EQF0A9] FTHS dH] 9 ngrokZ ©]&gt
Hdg 7les AEoto], 24 HEYA gelAx A
SHA| AA A 2EYMJPEG)H AlA] HolElE &
QA 5= Q= EE 55 ©] HlolEl= Unity 3D
EQ 3 og HAAZE HdE o], 7M
B HollA AR F7re] 914 AHiE 3DE Al43tst
+ U €85t ngrokZ o83 YUY A 192
[Fig. 819] chapter 4.3.5 ngrok-based tunneling®l
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4.4.1 GX| NPU 71& 7|8t ZiH| Q1A R

E ALofAE 7]& PIR(Passive Infrared) AlA]9]
2AE ZAE sidsk] 9ol 194 AA '] 2del
YOLOV5s(You Only Look Once version 5 small)&
ottt ASUS Tinker Edge R9] st=glo] 2Hd<
agdor Z8spy] Hsfl, e<5E PyTorch ZEZ
RKNN(Rockchip Neural Network) ZWOo g x5}
9 H3ksto] FAstlrt. O]E B9l CPU d7&2 &
slot AAZE 22 g gHoIGT 2 B4
L A&H A4 % AF%(Confidence Score) 0.25 ©]
9] 'AH(Person) E¥iAREE AR A ASE I

segstel 440 UES Rt

4.4.2 OHIET |3t
AL B FBEE AFIAW, A4 715 A
4 2eish 0 £AVL UL ole] £ Ao
5} 'oJHlE

olo|Ee|EMY YalE

\‘ﬂH

8t sto|Bg]= AlX(Event-driven Hybrid Sensing)'
dr2ES A8oiqltt. dEFol 54 AR et
2ot AR, AA"L A A-E B7] REE A5}
 PIR AlA{Rlo] AY] 22 9& RUEPRIC} &4, &
Zdo] A= H(Trigger), AA| HHfolAe SA] A7
S AJskslal NPUO YOLOvSs ES ZEodlo] 2
= Rt AR, 22 A3 ARgto] AEE 9wt
g AA EE Gk offvfA] Alo] 2A& =54t
o} olgfgt 2= 1As AARZ BAgh AJ-Rt =3
O 2H(On-demand), 34| 75 4] the] A|AH] &

H A8S gr18o=s Fisich

i
k

m

Io

. AL Z18E 2 HOo| Y2|E

E HoME 62294 =&d A AFE(O_status)
©} g4 AlA HlolEl(T_curr, H_curng 718rog &7+
ARl ovA] Aolg FHot= 2 7|¥HRule-based)
%}ﬂﬂ% Holstth Aol 2AL A 'HE mo
e Mode)' ¢} ' 2E=(Eco Mode) & -5,
a3 71 7] FAEE gt A JH|e} 7)7] £ dES T
A5t7] {1 A Brol™ 7HE 28513l

4.4.4 Mo 2= Ho|

AA” 2 A ol o] wet B3 25(T_target)2t £
o AFE(L,_state)S Z2 oz WA} g, HH e
+= O_status = 1(AA)Y o &Adstct. Ay 2=7}

Z\_j_ A HE= O status = 0L o ZAIsH
E]—_ 2ug3) _;ﬁgqo 77, uhzﬂ-7] /HX% EE /kc}ok
(e 28T)sFAY AL Adsto] tf7] AFS H4

4.45 X|H Ef0|H(Hysteresis) &g

A O] GAIARI WAL AREALY] R o] o= <l
3 A|AElo] ZZHHog Off HE AL W5 Y8
A AIZHT_delay)= 2785ttt HIAA ez g
=HEgte T delay(e]: 58) 5F 7|& #HH HEsE &
A5, slig AlZE Wl A 4157 ohA] WAYSHA] ok
3% ATHoE AH HER ZYFiTh

(Table 5) Rule-based Control Logic Specification

State Condition (L/i-‘gttmlcci,r?g) Action (HVAC)

Active Outis = 1 on | ST
Hold Lé)n fﬁgpﬁiﬁéozsﬁgja; Keep State Keep State
o [ Qe | o | ST

Active mode

No detection Occupled within
5 minutes

Hold mode

\

more than 5 minutes

User detectlon

Occupancy detectlon

eco mode

[Fig. 9] State Machine Transition Diagram

4.4.6 LI2|F 7 HA|

1) 394 A w4l 34

S B9 dloj"(RIA F A JIYE 7Rte g
7] AEE wedskal Alofslr] i 43 718 Ao
22 A =g T AAE dEle A Active
(A4)', 'Hold(t71)', 'Eco(8A)' o] 3HA Aef mAlo
= EXT-O]—E]—

= Active ®E: PIR AlA9] A ZHA] = YOLOvSs

£ 53] 19 o9 Qo] TAE H¢ EAs)E
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A k& A AFoE HeE, yA] dE
2t A HAXE $EST E9], Eco RE9
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519l S Fol A4 QAE O QIFE WIHg it
= AZLS Bk 3| AH B A A (Hysteresis) &
A& HEotqirt

2) AAZE Ao] 27
AA| FRNAE A dloleet A7 9] AN 5
3oto] AAZEOR IS BRFH20. PIR A4S &
29) 219k YOLOvSs 718t At B4 ke Agsle]
A e ot o] HRE HVAC @ 29 AAd
o Aolel A4 Lt

-

447 ¥u2|E 58 4

E AFolA Aldshs darElEe A HHpel o)A

o
23

SHH o8 AYE, AlA ol 3, AA X, A
B wet, Ao} B Ao HA| ZEAAE HARIo R
Aefsitt, daelEe] 2742 RESTful APIE &3l 2%
Al2dof] AgEm, ) BUEy EAF Unity 3D H
ALEY oA Az R /\]7@}—‘4‘:} L&Y
29 S Hlol A AP HAUES FESAS
, AA Hlolg &4ojy 28 oF I *] 718 kA
RC g Helste] AIARY] AFHS EZ}"H’% [Fig. 10]
2 AA T4 2 Holg £ 55 EolFe AA AlA"
E8% AREE HojEr) ofd 182 Xﬂo}ﬂ "]/\@9]
Y 7 849 29 55Z SPHE YUl
om NPU 7|5k RKNN X|A3Hs 55t 24 <14 EH‘A
FE A5 W, oMIE 74l slolBEE IS BE &
L g3t dat A4} 30A AEf M 4l(State Machine)
7|8t | A A3} Alof, T AR 7)¥t ERF T
= B A" 29 729 Y 7HK] YA /4R F49
o} o]& Bl AA <14] 7|vk 3 24, AlA HlolE A
g, oA Ao g, 123 EHE AH|IATE |71
o7 AAE= AA AAHY 29 F2F HolEr.
[Fig. 111 Aok AARIY =2 53 o|A &
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F2 58 EX(System inference capability analysis)&
Hoj3n, Al Edge 7|9t 2] 25 B3 AATE 282
AY s9o] 1&dE= P HoFa Qlry. E9]
Point 13} Point 2% Al EdgeE ¥-83to] NPU 7|5t
A EA Bdg A-8350] whet PYARl AA gA A
I Qe 4 AgeE gHsioler, ZHdd
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[Fig. 11] System Performance and Energy Reduction
Analysis
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F8 713 7)o thg3t 2 A, ASUS Tinker
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