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Smart home appliance control strategy considering user behavior uncertainty
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Abstract: Aiming at the influence of uncertainty caused by user behavior in household load dispatching on power
consumption, a control strategy of smart appliances considering the uncertainty of user behavior is proposed. First of all,
this paper establishes the appliance load model and quantifies the uncertain behavior of users by defining the user comfort
violation rate. Secondly, it develops a real-time power-off mechanism to control the rational use of unplanned power.
Subsequently, it formulates control strategies to achieve real-time intelligent control of consumer appliances by generating
electricity plans, judging user behavior and real-timely modifying the power consumption plan. The simulation results
show the effectiveness of the optimization strategy in dealing with the uncertain behavior of users.
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Fig. 1 Structure diagram of smart home energy

management system
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Fig. 2 Diagram of user uncertainty behavior of transferable loads
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Fig. 3 Diagram of user uncertainty behavior of interruptible loads
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Fig. 4 Diagram of tank temperature of heater
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Fig. 5 Diagram of one-dimensional priority of air conditioner

6 AKFHFT—HRERTEE

Fig. 6 Diagram of one-dimensional priority of water heater
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MR S L) — HE B St S A R, W5 Yk
PEACLREATINARL, BUE m R 1 Fis
R ZHEMARBERT

Table 1 Representation of weight of two-dimensional priority

pilriba) 0 G G G
m 1 2 3 4
BRI, 58 SCAT RS A A (1) — iR SE P n 2 16)

PR o



B AF BIEHI AT AN E MR R RE SR I A - 113 -
L —
-l 16 4 fifensEn
DB - AL R AL PR 1 8 P, R
AT AR AR VIS g g P R T PR P AT S RS e
EXR—RRIERARATIP UESS T BN I 0D

. m toffcur
pri2., =€’ +—— 7

60

pri2, =e

NS
— B
il

Y

+|%HﬁM&NHW%% F——————

BRI

BT B S

IR T

R

TERIEIL T

[
|
|
|
|
|
|
i i
| |
| |
| JHH R |
SRR BRI, :
HEIA R IR T | |
| |
| |
RAIEH] |
| |
| [
st n—Rea e 7 : - Y :
e | s
MR | Bk o ) i |
| AT HIHL |
: . ] : Geit ot
| 2 -
| [
CHT AR - (1 i
| SR T %: E: L A R
A A* : P47 )5 :
| SRR 7 S0 R4 e e A | | J T )y B A |
v | |
|| st e st I T % [
BB A4 397 1 T | I
. | |
| |
ety | @ |
S 5 , |
| |
h A 0 0 018 1747 i T 4524 -4 "
&8 BEERERE
Fig. 8 Flow diagram of algorithm
4.1 £ AR Cvio Cost U 5
, o , min( + +0, - 2 (max{0,g(t)})") (20
TEVRAE L JH L S W (AT, o T 735 Coio Cost_ T2 20)

S U PAT s s IR HAT 2 G 0 vt . Cvio, . Cost, Ay I%AH BT L
ARSI NP SR SRR BB gy e s 2 o 0 PR el A O B A 0, 28 7T R
ZESFRIGRHEDP R IO Z R, JIH—RITTREC g o =P ()=P., P. ()0 P. ARlFF

HRAE R 0 b o R 22) 5 A B o A o 1B
Cvio = Cvioy, + Cvio, + Cvioy, (18) AR R B R

Cosi= 3¢ PO ) %ﬁu§WMFm@%@,ﬁﬁﬁﬁﬁ%ﬁﬁ%m



-114- ® 0% REPFDEEH

2) WILEA R T AL B AR & X, :[xi,lsxi,za"'sxi,n] ,
HEEARREY, =[v, v, vl

3) WA QO) VAR RL 7 1 H AR, Tk
PERL T Pooest s WA IIEAR (1) 5 LT Lopese 1L
B AR LA BB BT R R AR

4) AR D)— Ry EF R I, A,

v, t+)=w-v, () +c r-[p; —x O]+

¢, 1,-[p,, ~x,,() -
1_1+emx:ija+l»’if“JU+J)SO
D)= 2 —1,ifv, (t+1)>0
I+exp(—v, (¢ +1) 7 %
| (22)
v, () <O,
0 if rand() < s(v, ;(1+1)
%= {xw (t+1) otherwise @3)
v, (0> 0/,
Lif rand() <s(v, ;(t +1))
X+ = {xl.,j (t+1) otherwise @4

5) T KR p SR 2 AR &M, ek
THIUR AT T I 75 B ANl A2 29 R R AT
1E, DAl R ER, ASCE & R T .

(1) AT AN b fgy s SEREAR S, SR
VTR e KA 1 S LR S0 N AN R 1 IRk
16 1IE BRI

(2) AT EERS W] R TS AT (1) B Ay SR PH R Rk
YRR BB R TR T B E, R e ]
WHZE AT S 47 I AL R TR s TR), Dt 3ok 3 i 2
BAT 0 HARPIRAN 1 AL EE 0, #5E BT
HH TS AT S Al (R84 ) ) TR s 1), Dt 3k 5
MR RN 0 HYEPIRES Y 0 BIALEE 1.

(3) Az Fuag « 0T B i il B B R 1R
SEE 180 177 B IERL T

6) JIWT &R BEARIKELM « 4575, WER D
B3, 4). 5); A, BRAGZH B RIE RN )
UEH TR
4.2 FIETS5E4 A Bt

1) AW AT R

FKBE REVRE BE R G0 W1 a6 T F v R ik 45
Fs AR P S B F S Bl A L P T AT A S
WIUH A RIS — 2

MR G b H B aa v R T H AT 4, I
FUT 5 E RIS A — 3K

A8 W TR . AL W)

AW A L S D AR R VA I R
B, DU IR U Fa vt R gk s e A Y s A
DA B, 005 5K H S I SR W ML ok 5 AT 7 70 K
B, BEACDIR I, BT TR.

2) ESUH R

LK B ST P, (1) B B, I, 1,
GEH I R I ZT R 500, SISO R
WL oH ST R K i) 4L oE 4 bila, $IEAR
S % AR S vt (R S O R P SE e AR IO 5K L
HAEFWRIE P, ) NEE B, s &, Gtk
P, RAds /NS R RRAS D A BRI 5 P X
HL R AR I B PR F vl I S SO st T ol

5 HHISH

5.1 BHISHIRE
N T AR A SRS B SRS AR, EHR R 2
FHASG: . BUKES. e, kb, Yemi
Bl BEARHL HETHL. WA & A AR A LA L% o
IR 73 I F A R & 2 sl
%2 HEBMNE
Table 2 Table of time-sharing price

LR et A I B ks /(I6/ kWh )
0:00—7:00
R4 H 0.208
22:00—24:00
) 7:00—11:00
P HLAY 0.52
14:00—18:00
11:00—14:00
U L) 18:00—19:00 0.832
21:00—22:00
BN ERi 19:00—21:00 0.926

AT HARS B BN 3 P
R3 HESHIRE

Table 3 Parameter setting

B Yty B Hith
¢ 6 1.4 M 120
i 0.8 o, 0.2
Hiin 0.5

ORISR W NS85 CR8]: 6, M 15°,
M J380L, R K400, C, K152, O, N 863.4,
R 0.1208, C, 4 3599.9, O}y 400, £H G, N
40°, 6, K 70°; T, h35°, T. K23, ol4a°,
o' O 2° ARHE F P ) Dy s A A 2 Ak I
6] (AL BT 95% M ME 7% 71(0,1.5) h 2 [A] .
5.2 (FESH

Wikl 9 Pros, PeART & s P BERLAL I ) 67



B, &

2 B8 AT AN E PR R e 5K FL ) SR - 115 -

AR, SRHISCHR[10] AR D Bk . mT B
A, PUACHT ZEE A 18:00 e A7 BLA 20:00
FEAHRIEE] T 9 kW o R EE IR ANA SR SR A AT
LUK S 2 Je D Ao B AIR L AR B A 6 kW BA R, 2 ]
TARGF RN ROR, RE TR R 2 4

M 4 TLLE R, U )E, P AT A
AU, mH, BT E T A E T
S TP I, U R & R 3 e A K
KB, AR T b S AEAE i 1] 6738 LI 1
DU AR AT D0 R v R SCER[10TH X b
SR G P R AL B T HEA SO A Sk AR
(11 3.48%, (FRKRATHY T 5 2 (1 58 HL U 2 3 PR A
FIHRSAR ARG o R oKL, A VB R A
SR FH AT 3 38 5 4 1) s ol B2 AT £ P PB 7 SR
%ﬁﬁ%ﬂ&m

9

; '“ﬂ”"m'*@”w’v *W*w it otk
17:00 19:00  21:00 [“”J 8:00

9 ZRIE G fey A e Xof L]

Fig. 9 Comparison of family load curves before

Hhaakw
= :;»

and after optimization

x4 BPEFEEEREUARBBBAI
Table 4 Comparison of user comfort violation

rate and electricity cost

FHHLSA/ TG FIE B R %
DAL 18.41 31.30
PaNE =8N 17.42 3.48
s 16.50 6.91

R 5yt T AN E MEAE IS U T RN ]
(a,b) KEEHBLRIKR 1. 2. 3 MfEOL T, SLS
B ) e DI 5K BRI 5 5 P 5 1O ) R ROAS DA Bk
THEIS TR ATRAE Y, AN 58 Ik AT e S R I 1)
RGN, T TSN ) 2B, O TR B
R IE RS [ A, 7 EEA H B2 AT A Sk 4
SRRl 72 S GUAT PR L A BT I U A

x5 TREIERT AR A BEAMNE BT EX L
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