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Research on Implicit Interference Detection Based on
Knowledge Graph in Smart Home Automation
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Abstract Smart home automation is a service which provides residents with more comfortable,
approved and energy-saving home environments via the connection, interoperation and interaction
of smart devices. However, due to different concerns and management strategies of each smart
scene, interferences such as competition, interference and contradiction among devices frequently
occur when multiple automation scenes encounter. They influence user experience of smart home

automation, shorten service life of smart devices and even endanger the personal and property
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safety of residents. Therefore, interference problems in smart home automation require enough
researches and solutions urgently. In this paper, we divide the interference into two categories:
one is the explicit interference that performs as obviously opposite actions on the same actuator,
the other is the implicit interference that manifests as interference between different actuators.
The state-of-the-art interference detection technology is relatively mature on explicit interferences.
While in respect to implicit interferences, the performance of these detection technology is relatively
weak, and the reasons of that can be concluded as two major disadvantages, low degree of
automation and high false negative rate. This paper proposes an implicit interference detection
method. Through analyzing information from knowledge graph, our method is able to integrate
and utilize commonsense knowledge of actuators in different categories substantially, and then
detect the implicit interference among actuators in automation. Our method contains two main
phases, which are actuator registration phase and rule subscription phase. During the actuator
registration phase, our method utilizes commonsense knowledge included in the knowledge graph
to evaluate the effects caused by the actuator, judge the interference of effects automatically and
at last store the results as the implicit interference matrix at the edge devices; While in the rule
subscription phase, our method matches and queries the interference of effects between actuators
recorded in the implicit interference matrix to help judge the interference from rules. Besides,
based on the characteristics of functionality phrases stored in the knowledge graph, we analyse
the grammar of these phrases and design a strategy to determine the weight of words according to
the contribution degrees of each word to the whole phrases, and then updates and clusters on the
basis of the actuator function lists. For the semantic non-relevance problem led by word properties
in natural language texts, we propose the relative polarity index and relative polarity calculation
method, which transforms the division problem into a graph coloring problem, and thus it can
classify the same and opposite operations from relevant functions. Using the rule data collecting
from IFTTT website, we design an experiment set based on the 10 typical floor plans. The
experiment result shows the recall rate of our method reaches 0. 8301, the precision rate reaches
0. 9681 and the F-score is 0.8938. The experiment results show that our method outperforms
state-of-the-art technologies by more than 61.93% in recall rate and 54.56% in F-score.
Besides, compared with existing methods, our method does not require manual labeling and has
the ability to automatically detect the implicit interferences. Therefore, our method significantly
improves the detection efficiency and reduces the missed rate.

Keywords smart home automation; interference; implicit interference; knowledge graph;

weight distribution; polarity analysis; smart home
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air conditioning is used
for

ﬂ cooling a room
ﬂ cool down
ﬂ altering the environment of a room

ﬂ breathe better

ﬂ be comfortable in hot weather
B cool the enviroment

B cool your home

B cool a house

B cool a room or building

B cooling

B cooling an automobile

B cooling a hotel

B cooling an office

B cooling a residence

&) keep the room cold

B manipulating the temperature
B reducing the temperature

B removing moisture from the air
B storing cold food items

ﬂwarming
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N GRBIL L e =R b S BA fIE e, nl LA/ 38 1)
A I OB SOR 1Y AL B DR R 1) A A AR R
(1) AN 22 BRI Zaed S S S FATT T DL B A
P A R/NEN 5 3 BOfE - 8 75 2 B 38 119 1) RO
P AR 25

5 1Eh=RIhRERE

BT 2l e D BE T T8 1) R 22 8] 09 A R 3R
TR AR A 3l 45 1) D RE 91 R AE AT R 2K, K 4
FiR AR S a AR ER R N =L H
Je IR T ik AT W1 2L A I 2 AR s R
Jei MR A B ) 22 18] A8 A X AR P i bR AR A 00 20 B A5 2R
Hh R T 22 [ 8R0S AP 95 A 5 B i LR T 22 18] AR X
B8 b D A A » P P e € 5505 4 ) 0 TR A5 R it
1172900 SE MR A W 2. b 5 P IS =
RN RIE R A — AL,

T T N ) N N
x x x
<$ﬁxﬁ&¢%ﬁ< < E B <
[X

K4 fEshae T RE R

TEW) A B2 Z i o FRATT o B0 A 2l % 20 e i
PETUAL B O 7 {5 B T 7 Ak P A 2 2
15 H13m] Cstop word). 45 F 1) J2 48 76 S 15 135 > 15 h
HE A Ay A0 Bk T S s SCAE T s s L 4
R 45 0 i 4 R — 2834, 40 5 5 18] (A the”,
“a”) A Can“of”, “for”) (A1) (U that”, “ this”)
FIeE A% Bl 3R] Chn“let”, “make”) 2. [R b 6 452 ) 3
FRATAE AL PRI 7 rpoRs HE 20

b HLE R b e T EAH N R ] (negative
polarity items) , I TH H BL B0 1E AR 5 E & X,
WP 1] s 25 K A 3 L B 0 not” | stop” &[] I
TE AR B 0 531 22 iy R AT) o A A e ) U rh 2
FEN BN & N T R (1B S BV e O i S T e
PAPEIUS. B4, “air conditioning” ¥ £ HY I AE 4 i

H1 4 “removing moisture from the air”, [5 f “re-
move” KK LR VCIHR " Z &L Ja o $E b
AT 2438 B AR IZ A4 T B B A& A IZ A T AR
B HRICR DT E “ removing” O S PR 1)L
5.1 DREBIENTRESURS M

7R R TR 3 ) ROk T 2 Rl R R
TR —Fh i AR 2 RS [ B 4 3A L 1 Bl g D) BE
) 2 N TAE Sl 2 RE 1l 8 A A K Y B AR
AR TR AR [ B A Sl 25 N i S BE S R AT IR 2K,
Fiz BRE SORH AL BE OC 22 8% Zh RB 0 UL IR B o0 s T
o A W] — A8 v ) e R 0 1) o SOREMRLE &, AN [R)
Z 0] Ty RE A VA A 1 SCAH AL RE AR, R nl REAE 75 B — 4>
7 TP BT A 2 RE L T 2% k% AE Bl g Y TR — 3T 3 RE
TEH.

F AT e 5 A% 52 BE B A Dy JBE AT SOME B 1Y 4
P ARBRIE B R — N R/ME 0 & 1 Z (8] A 1E IR A
I ] B 2 R A AR LR B HEOR/NVEE T 1 R X
PR ) 2t 22 [) 4% 5% A fBLEE. TR Ot 4R 5% BF B8 B 3% O
1, R WX WA o] d AR DL 5 S 22 4 AR 52 IR B B 2 B
0 & 735 32X A [ St BT ] T oK.

RN I B R ATES T DBSCAN (Density-
Based Spatial Clustering of Applications with Noise,
HLAG M 1 Bk 7 2% B2 1 3R 26 0 20  DBSCAN &
FH T 34 DX 3 2 96 1) A0 R 6 B A s
HEFF A B0 T T i 00 o e DX &) . T i
A G A T 46 8 KBRS A BOR
BeEA 5 T SHRAE BB LR Fr 2 AR S5 2
REFIR & H R KT 55

i DBSCAN 13 2] 4] A6 2 45 2R, LA 25 I “air
conditioning” F . fEF 1 F)E/R.

& 1 “air conditioning” I THEERIR LT BEER
2 = DIReER A& H

cooling a room, cool down, cool the environment,
cool your home, cool a house, cooling, cooling an office,
cooling a hotel, keep the room cold, cooling an

1 automobile, manipulating the temperature, reducing
the temperature, removing the moisture from the air,
storing cold food items, warming, cooling a residence,
cool a room or building

2 altering the environment of a room

3 be comfortable in hot weather

4 breathe better

WG] AP B A R AT R A K A R D e 2
TE— P AR, 1 2 98 i/ sh s Th g & v, 2
HEAH I 19 “ warming” 1 “ cooling a room” R 7E 56 1
5%, [6] B5F, B8 V8 I BE “ removing the moisture from
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the air” 5 5 B 2 8 (7] 76 — > & . X S f iR JF R
I SRR LY. 3558 b B ) Y A X BE B 0T A
B S8 4 X 43t AR B s i 22 D) g 9 4, warming” il
“cooling a room” A% ¥% JE B %L F 1. 9F WO P
NumberBatch ] ] & 43 5 71 518 AR L . & B
B SR < warm” Fl % cool ” ¥ T SCAR BLBE & 3k
0. 491, 4230 T [A] ) 2Z () (9 38 SCREARLEE (0. 5 J¢
Ph b T 6 9% 1)1 22 ] i SCAH AL BE AR AIK T 0. 3. BR
W02 e 5 T D R 2R O — 28 & R A temperature”
F1“moisture” W F )4y 7% IH B8 =135 0. 582, X FEAY L
G2 18] [n] 1 A B R T R B

PRI Sy m) [ £ 02 Bk T B AR E B 10 20 A s Mok
AN A3 AN [R) A BRLIR] BT P 43 A1 R T B3] 22 (1)
ST I BT U 5 RS . PR P A 1] 1
A AR 5% IR S AR KL TR Y i 1D T S T A B ]
FY 5 LR L, 9 3 22 18] m] BB 2 ] SC 3R] (4 cold”
1% cool”) , L TT g 2 S 3] C** warm” 1 cold”) , 5%
H R Y 56 & (U0 temperature” #1“ moisture”)
E SN AR B Wl C1 P 2 - NG B N v =2 (K (NP3 i
SCE I SCAn] FUR A 3 s AR 42 FRATTRR A O
TRE RIS 1 ) 20 25 B2 M AL v i IR R AE T
.

5.2 HEXRESHR

W1 A 5 2 1) 25 SR 0 AT 3l 2 RE X o0 0 kL R 0
HL AR 2240 S BRI 28 AU 1) D BB TR VE o — 2K I e,
FRATT T R A AL TR A AR e 5 A T Ok &R X 40
R FEHR I AR ZE S DL KA b PR AIE [7] — 2 v A 4
Bl DTREAHL. P AT 51T R AR 17 48 B
AFRT AR 1 A 2 38 14 2 T A 2 1 B IR VA 1k =2 1)
MG ZR S U o =l B WO — 1 AU R R B A
T B H A A S S, 1 ARSI B 1 Z ] B
AHTR] & S0 0 AR 22 98] I 55 0 0 22 18] 1) & SCEE R AH [R]
WA .

FE R S W BB FE 5 55 b FA ] 5 T A A
DARXT R S — 1 BB T b A warming” F1“ cool-
ing a residence”, Ll S A~ [A) 4% 38§ 1A] JI “ temperature”
F“moisture”. X [7] — % T 09 Ty g H1H 4 H K A
Xof W A B BEAT AR 20 B AR XS AR TR AR O — 1 /2
RE AL TH AR 2 BIAS [] 25 v 19 B B A T R A 1) 32
5.2 1 il Z [l By A X AR

EX 5. p(A.B)Jy i A Mg B A X}
WetEdabr I 2 p(AB)Ee{—1.0,1}.

p(A, B) By B AR BUE W 22 2% 3 SO it Ml
SCi e AR SR AR, AT S T WordNet Al

ConceptNet H I ORI LG F L IF A2 BT A0 I Y
AT SR ST e A O - 7E WordNet i, 3t H
b L] B T A SR [R) SR R R SR iR AT A A
ConceptNet 1, FA1# Synonym 3 & ¥ i i1 AL &
KT 0.5 093 SCHIA A S H b 53 /9 [5] S . K
Antonym X F YA E KT 0.5 By HIEE N H
o FL1A] (4 2 S

H F WordNet #l ConceptNet 1, H Fr B 17 19
U S S SCHRFR P BRI TR SCUEHA L IR R A
Fir A R 6 B B SCAR1 AR PR ok 3R AT A X B i
U R R HEATI . fh e SO 5 BATAME R B«

p(A.C)=~p(A.B) *p(B,O) (3)

FATFRZC ) Fy AH XA Pk ) J . L im) A i
i) C AR XS AR P 48 AR B 3L T B3] A B 2 [i] 1 B
il B.C Z [B] A AR X B M 45 b ol B BRI B, 42 (3D
REXTIE R LR RIATILE Z LY . AR R 52 b il
TR Z 8] B 3T X SO FR S R H AR LR 2 ) 3 A
TSN 1 B A BOME R B S T — A SR 2 A
FEXF R 2418 S R AR X AR R ) 2 0 8 R R 4
i 22 22 BRI 3 B0 22 1) 5 e FI . S BRI B — 20
I 1) S T ROR B G-

5 DLJG ) I8 =X s 1 B d) (1] 8 A X Al
T bR B — 2L e 7 X« W) Bh A RE R B M 9 B b T S
SCm] R BRI, B 5 rp iy S22 AR 2 M S S i) it
BB A XS B AR B B RARR B S — 2P R G 3k
IR AR R MR SR AR, — 2D I i A EE A 42 20 (3)
(975 AL ] B 3E] < warm” Fil“hot” 22 [8] By AH X
WSS E .2 T “warm” 5 “cool”., “hot” 5 “cool”
FIRY R Xof B8 4 s (LY SR L.

B 5 AR AR — B

5.2.2  JE TR IA) B4R X AR M 4 A

L 6] )R R A A A A A AR T A S o
BRI 22 160 (R ARG AR P A » [ B 22 2% 1 3 A S
B TP SR R BRI A R L TR S= (s ws s e
w, |, AR AL L% ) A ) (X B T = SR
JE B B . BT o, AT w22 (8] A AR X A AR R
p(ww) € {—1,0,1}. i FHEFRIFHE S, E
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R R AR X AR A8 AR o — 1 B9 O, R A i 13, listB[i].flag<1
S # S’Eg%ﬁlﬁjzl‘gj R G A SRR TS AR — 1 1 14. FOR j=0—len(/istB[i].unAdjacent) DO
WEN (S, S i E it () R, Hom f 15. IF listB [i]. unAdjacent[ j |. color = undefined
n AN S AS (A R0 K THEN
o ‘])( ,) ‘ o 2 16. listB[i].unAdjacent[ j ].color<*%
w; ’wj - w; ,%Uj

«(S,SH=>7>] ; 4 17 k<2

s S A S B 6959 4 S A

, & HRIIR - ‘J'\ fr w f Y rﬁ‘/l’ ~ /Jln/\ 19. FOR j=0—len(/istB[i].adjacent) DO
ST ¥y F G TRV S i A 7 il 7 - A2 P34 20. IF listB[i].color=LlistB[i].adjacent[ j ].color
R IE Z ] A X R PEFE AR P (S, ST Ry 5 i THEN
KR, 21 IF listB[i].adjacentj].flag=0 THEN

P(S,S)=(—1)rrressd (5) 22 listB[i].adjacent] j].color.clear()

mGATHE P(S,SHE{— 1,1}, Hit7E =K 23. ELSE listB[i].color<—k

A ) S AE (S B T R SO J v 2S5 RO b 24, listB[i].flag<1
25. coloredList <[ listA,listB]

R AR PR RE R 2 O 1 SRS 00 G L IR A1) R
(S H% o3 AT AR — A~ 0 )l
5.3 miBIIRMWFEFES

FLIR A R 091 K45 50 EE B bR s R — A
X AR A5 o — 1 % S RE R0 R 5 AR 20 B A ] 2k
Sl AR bR S 1R D AR R R AE [R] —
eI b i DR AEAS [ A P 1 2 g R S AT BE O3
TEAN [R) 285 .

N SEI TR FATRE T R R R a5
ET U R A R J R
FE A 1 R T 10 7 0 0 s AR 3 2% S 1) A X A
FabR A — 1, BRLHOAH % 1Y 15 5 R A ) % 200 0 A7
. | TR B TR AR AS B R — R JC ik (R I g
SR — %o B SCRL Y e SCIR) o PR IHG A  ) TOE s 7
ol €2 368 B IX 20 » T 320 1) T i D) T 465 = b 23
hRic. B @5 D BN SAE 1 i,

Bl BEREEE

BA:BS RE0,1,2, RY B TE IR uncolorList, 4%

TOURE 14 B8 B3 7 HE )T B B sort Desc O

Hith: C YA TR IR coloredList
coloredList<—[ ], k<=0, listA<[ |, listB<[ ]
FOR i=0—len(uncolorList) DO

IF wuncolorList[i].degree=0 THEN
uncolorList[i].color<Fk
listA.append(uncolorList[i])

ELSE

uncolorList[i].flag<—0

listB.append(uncolorList[i])
k<1,listB<sortDesc(listB)
10. FOR i=0-—len(/istB) DO
11.  IF lstB[i].flag=0 THEN
12. listB[i].color<Fk

© [e) ~ (o2 (@21 e~ w (S —

26. RETURN coloredList

K6 R T — A ERErE 1. 5 0.1 F 2
O3 R R A LR R (0 R R TR AR D
{A\B.C.D.E.F.G} . 84T i L&~ IREAIN

JeL o IO 1) JBE R 2% o T 0 P R i MRRK 1
TRIP LT

(1) 15 Scil P A TR AR K B2 0 T AL A
TR G Yoy 0 5 €8 1 B H 15 e €4 BA B o 30 4% 15
8 BAF) Fi BT 1) BE 7 HE 9 SO IS ) R U 5 BA
5 H{B.D.A.E.C}.

(2) BN T B o A6 A b i & B G €, U f
WG 158 31 5 B e 6 BA . 9K 5 3l g 1 e £
BAF 4 55 0 O % 58 HLR e 8 1 s (AL C R R
Hl 5

(3) Mg 48, BB TS D, A6 4 I i R BT R ¢
o, PR I S g (028 2 5 (8 3R S B i s £ BA 5],
Fre o A S o 5 0 A i BRI E )

C oommE | LmmBWA || 2 mmDWA
@ \ : ‘A N uh N i
N @ ) )
tI ©® © Q0O 6 006 6
\\ @ \\ @ \\ @
® ® )
Yetaf\%l: BDAEC : @ YfaB\3l: DAEC Yetafh\F): AEC
HAeP: FG HAePE: FG HAegit: FG

| soamawa || cmmEwE || samcws |
‘ALL AN 1 ‘Ahﬁ AN {ﬁh AN
\ @ ; \ @ \
OO O OO O Q0 0
\\ \\ @ \\
@ @ @
et A5 : EC L et pAgl . C Lt fAF : null
HAeHUE: FG  HAPE: FG HAegith: FG
K6 Kk
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k2 5

DO PAED R A KA CEREE NKGES
AMERSERGRG,EB C 5 A F@.HCiEE
e A1 PR C B8 25 BRTE 4.

(5) LABLAfE AL 3] E 35 mi 0 C 39 i e 200 C

RGN 2 A, MY A g A e B Rk
45

Pl “air conditioning” Ay ] , i i [ e €0 5500k AT
WPEFIFN 2R 47 00 J5 R G R IR 2 PR, 53k 1
FHEE 3% 2 FROFTHE T 3 38, 4 & ¥ warming” Bl —
2k, “reducing the temperature” fil“manipulating the
temperature” — 2§, LI & “removing the moisture
from the air”—3&. 3 ¢4 25 P 1 “ M 7L 9 il
JEE AN BRI = I BE 43 B R A S TR T 2R PR
i H A5,

% 2 “air conditioning”’ W F L FEHERELLE R

RE R H

o

%

warming

breathe better

altering the environment of a room

reducing the temperature, manipulating the temperature

be comfortable in hot weather

o oo w oo |8

removing the moisture from the air

cooling a room, cool down, cool the environment,
cool your home, cool a house, cooling, cooling an

7 automobile, cooling a hotel, cool a room or building,
cooling an office, cooling a residence, keep the room
cold, storing cold food items

6 BRI SR FE & A

LT INRERRAN TR Ir oy, LA B 18— FhAE
S ER T REFE S K. Dy 1A I AT Sl Z IR T A7 1R RS
AR FA 9B T R b St . Al 7 .

Ao AL A A A A

A, BAAEBEs 18]
QLA ES iR EES

AR REFI st )
|- AR AR

D%*?ﬂ(?f‘ﬁ(&)

R
]

|:| B U A

F7 o paah R
B nh S A7 Al T LA 2 T A7 A6 I RE w5 Y
W2 m] L3R e AL 31 v A R b s R
LT & S N S A SR (L

(1) -8 5 A Ry i 5. > A7 T 4% 0 D) 22 )
2 g F W B, AT DUAE B X op 98 48 B rp i A7 52 s
AL A RCE R OD).

O WY 5. MAEHNED S MAR R
J& ARG FATTRT AAE BA Ba =X 5% 0 [ ) ik 1
AT Y S BT RS AR iR AT E S
A HNES) 4% B A ST P L8, L Bk AR
OMD. Fodr M Ry 15 & A 1 AE 2l #4828 3.

A FRAT R B = 5 HE I b i & AT RUE
SCHPIAVE Bl g 2Z 0] (4 AH DG PE AR B MO PE R B A
TGN AR T RE AR G HE B R A IR P fg A
FAMETIRES) . = Fh 5] R A5 B 0935 7 L
% 2 fis.

ik 2. MRMEFEEITE.

BN A RAE R AE 05 ab Z [ FARFEEL Colndex(a,b) .
AHXT M Rep Casb) s Ty fig 5 F funcrionListl,
FunctionList2

R M E B CI

1. FUNCTION Correlationalln fo( funcList] , funcList2)

2. FOR i=0—len( funcList1) DO

3. FOR j=0-—>len( funcList2) DO

4. CIL[i][j]<Colndex( funcList1[i],

SfuncList2[j])

5 IF CI L[i][j]>60 THEN

6. list<[i.j]

7 IF Rep( funcList1[i], funcList2[j]) is-1
THEN

8. OFL.append(list)

9. ELSE

10. SFL.append(list)

11. CI<[CIL,OFL.SFL]
12. RETURN CI

py b AR B T LA B P AR Bl A 22 181 i 22 )
2. T T 45 AU 5 A A B X b 8 FRATT AT LU o
WA 7 S A ). SRR R Oy AE il R SRR
— B ZJE  REEH AN rulel A rule2 (1ESh 5 2
B AR typel F type2 . 3 UG Fi F1) 0 3 & 3 1 X Rz 2
fig funcl F1 func2 , T B 5 21 B i 58 46 B v 1) X6F
7 5 CICtypel s type2) , 25 1) P 4~ X6 I A Bl 25 19 A S
iG] & OFL, 42 51 % i 7 48 X 41 Ty fig (funcl,
func2) . gt H W1 X P 45 B0 rulel F1 rule2 2Z ] £ 7€
B 3 5 o 75 DU gl T AN A A B X b 8

7 KH5iIEMH

7.1 HEEHNEE
PR N Y O € SN i P



1200 it "

Hl

o
-

i 2019 4F

KL H P 3 ) ) BRI T i, AR S 86 R &
BIEERECE N 3 PR,

®3 BEENEER

Kot 4 3 R A
IR ConceptNet 5. 0
) ) NumberBatch 17. 06
e WordNet 2. 1
S IFTTT

Horp R ] ) T ST AR BE AR 2R
BB T 0] B R AT N TR

IFTTT 22— A4 0 = i B e ) °F &, A
FENEREREATS M. IFTTT AR X
1y Trigger-Action JE 2. 3 48 % H A0 ) 45 44 11 43
Br, TATHR UK triggerChannel Title (fil & ¥ % 44
R . triggerld (fih & 25 14 1ID) . actionChannel Title
(VEBh 28 4% FR) F actionDesc (Bl i ) 1 g 30 0] 48
A SR FRATT AR BT 11859 S,
22 MfESh It 89 A
7.2 MM ER T AR

ST AR LS P AR P AR B  FRATT R X
AE 2% Jm (0 B A5 5 00 ) AR AE BT B 1) N AT G
House Plans® [ - $24I% 1 & B 52 ) 5 B S 1
BT A AR S e BT e 10 A I R A
Y, g RS S e RSP T PRI B 18] ) 8 XL O 3
B TR R0 T A

B AAE 4 N 0T BB TG B 4R, B FRATTAR
W% 5 (R gl 2 B 1 2 /0, & 35 T R N it HL
BAEZ a8 B9 LU AN BB 1 20 2%, 58 VR 2l g AL
VOB G AT PG 2 an 3% 4 Prn g, & 4 p B2
() JE Pk 43 P B8 G 5 L P Y44 B L TR R L R ) B
R G BTN 2T -

(1) P8G5 R BU A4 FR. O T S5 b 7 5 18
FATHE 10 A pr AL e BE 52 BE 09 00U 28 47 HE Y T i
5 ARG 3 AT S

(2) RIS R BB — A P B e P R
BRI S B — A PR e A B SRS
WRWIE 1.2,3, -+ on BER 7« A B 6] T X8 7 1) 190 0] 25
N R GZ RN B SR =X (6) R

SR=R,

(3) M2 5 K. eI s rh R i A v

SR LI 22 (8] R AT T T L 50 s PR ok B AT R0 I 22 ]
PP PP T X L5 F) 5 SO DA R D 2 By T AR B
JURYN AN T B9 () 22 ) 2 A 2 5 )« PR A P AEAS

(6)

W) 57 (6] A AE sl 0 B0 I FR AT A R B A T30, —
AN R P B R0 2H A Bk 45 A P R R A B D Y
WA A2 CN, = (D i .

CN=>C; %0
i=1

x4 BPREGHAMNEEFR

J B G 5 LA FR AR QRSN G W E e
1 Apartment 5 563 38842
2 Bungalow House 10 1040 62946
3 Contemporary House 12 1185 68461
4 Cottage House 10 953 52317
5 Country House 13 1264 75658
6 Craftsman 15 1458 85779
7 Farmhouse 17 1523 81229
8 Modern House 12 1437 79423
9 Ranch House 13 1229 70158

10 Traditional House 12 1207 76807
— J<uan 119 11859 691620

FEAS A PR R[] B R) X3 PN 7 2 T A
N PEZ A% BT S0 A A B I AR R
— 5 [ AN ] Be K i A A ol s AR IC B AE N HB A
P [0 1 1 LA B 1 BR R G 2R 23 904 A [R] 1) £ 2 2 Tid
BRI A SR TR A8 5 G R LI 22 Fip
VESI &5 77 it Fie BRAE 3 4% D 68 5 B 1] A 3 15 B X
22 FESh SR L E AR R P B A R, 3R 5
A& Apartment PR 1 245 Bl B 3.

% 5 Apartment H1 558 N {ESN 2R AL & 5 BRI

P 1) 4 B E Bl 8% % 1% SR
air conditioning, air purifier, speaker,
Living Room camera, dehumidifier, humidifier, window, 167
door, light, television, water heater
. refrigerator, alarm, coffeemaker, cooker,
Kitchen geral . 115
oven, window, door, light
Porch window, door, light 60
Bathroom door, dryer, washer 43
air conditioning, air purifier, humidifier,
Bedroom dehumidifier , heater, alarm, window, printer, 178

door, light, television

7.3 XWIRFESIEMIER

2R SR X AR SCHE ) KGIID J5 % 5 BUA 1Y)
DepSys Ml UTEA J7 3 X B2l 28 (1 46 I 58 F1 2E 17
XFH S 5 70 B, (H i T DepSys #l UTEA ¥4y
PEAE LN 3 ) B 4R A SR AR, IR AT AE A
AL B E b, # B] DepSys il UTEA R4 1Y%
T JEL B 4 0 A R S B TR AT A e K e RS T A e
M (753 DepSys. UTEA F1 KGIID fig 78 48 [ (1 52
B FREE R EAT e b 2 A T 2 BE A TE AR

@ House Plans. https://www. houseplans. com 2018-05-20
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SIS E R N T il & A% 1 0 R A Ik g —
* M TriggerChannelld 5 TriggerChannelTitle #H
55007 = =R B 25 B E SR BT X T a4
action W7 5 K . 4% B8 DepSys 5 UTEA i
SCER R L 3 44 B AR U X AE s #% ActionList
SCAFH A5 AS action X BABE AR 8 1 52 W E AT N AR
L G HE 1 N TSR AR 45 R Ar i i Xk -

(1) DepSys. Fp X T P55 A8 5 19 5% 0w i 2.

(2) UTEA. $RyEX T 255 00 1) H A5 [

(3) KGIID. A7 %N THRTE.

= Z AN TAREE OL AR L an 3% 6 s, A3
Lt DepSys, UTEA (bR i3 £ 72 550G 4i . A B i 2
L4l 1 2l i 19 AS [ 482 X i 72 1k B b X JR] 0 [

% 6 DepSys.UTEA 5 KGID By A THRiEHER

ANThriE DepSys!?- UTEA[] KGIID
IRBE AR 44 FR Vv Vv —
A5 Ak Vv — —
A3 Ak, E A 7 - v —

b S AR 4 L Jc

X o g L FATT £ A 2 FE (recall rate) 5
2 fEZ (precision rate) L) K Z¢ & 8 F5 F-score fEH
PEO = Fh 7 25 A0 35 b 25 o 38 0T DL BRI O 3
HH 25 R TR R B AR AR R 5 A 4 58] DL
TR TR BT A i 5 O R I A TR L RV A AF
TET ) s F-score 454 T 4% 42 R 5 4% 1l 5K W T8 45
LRAVE T I PERE.
7.4 XBWERSHH

R 4 10 A B 0 C B O L 45
TAZG ) 5 2 FRATTAT LAAS 3] 10 A 2 8 o ) i 5K
oA i S g BCRE N IET 8 B . i 18 8 I,
B3 b 58 o5 BT A o o8 B i A B ) A G A v . R IR
FT 25.5%.

1400

EIEENIES
1200 F| o & st i — [
1000 | — N

[

800 - L L
& 600
400 H
zoo—ﬂ
R A T S RT)
Jakitt ae)
B8 10 A~ A b i e 58 i =X S B R
FEXSIX 10 A 5 BYAY A Sl 2% F0 0800 e L Fe AT
BT DepSys UTEA Il KGIID Jy ¥ #4710 37 52 5
HE R 9 FroR.

R AR/

N rERGID
BKG

3501 sUTEA

18 300 | 9 DepSys

=250

£ 200

k)

15100— S SRS ]

ASSEESNNR
1 2 3 4 5 6

7 10

7
7
7

[o2)
©

JG S

B9 =05 vk i e =X e 5 A 0 25 st X L
i A P A R s R R AT LU )
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Background

This paper is related to interference detection in smart
home systems. With the popularization of smart home and
the continuous development of industry, interferences in
smart home systems have received more attention from
people. There are many solutions for interferences, such as
the eventual consistency principle, priority control, trigger
judgment, and manual labeling. These solutions systematically
solve the interference problems when different operation
requests apply to the same actuators. Unfortunately, with
regard to the interference between different actuators.
current solutions have two major drawbacks: low degree of
automation and high missed rate of detection.

Therefore, this paper proposes a interference detection
method called KGIID, which is especially aimed at detecting
the interference between different actuators. KGIID has two
main phases, which are the actuator registration phase and
rule subscription phase. During the actuator registration

phase, KGIID introduces the knowledge graph which collects
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commonsense knowledge to evaluate the effects caused by the
actuator, judge the interference of effects automatically and
at last store the results as the implicit interference matrix at
the edge; While in the rule subscription phase, KGIID matches
and queries the interference of effects between actuators
recorded in the implicit interference matrix to help judge the
interferences from rules. By introducing the knowledge graph,
we incorporate commonsense knowledge into judgement
conditions. Thus we can save lots of manual work costs and
reduce the missed rate of detection. At last we conduct the
experiment compared with two typical interference detection
systems, DepSys and UTEA. The experiment result shows
rate of KGIID reaches 0.8301, the precision rate
and the F-score is 0.8938.

the recall
reaches 0. 9681 It proves the
effectiveness of KGIID in strengthening automation issues
and reducing the missed rate.
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