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Abstract: The absence of unified standards among smart device brands hinders collaborative
management, as it requires dealing with different interfaces and communication protocols of each device, thus
complicating the implementation of smart home service management. Moreover, the personalized differences
due to lifestyle habits, climate conditions, and other factors also make it difficult for pre-set management rules
to meet various requirements. To address these challenges, a spatial-temporal data-driven method for smart
home service management is studied in this work. The method involves constructing a temporal knowledge
graph for smart homes and utilizing a federated learning-based approach for smart home service management.
By recording the state of concept instances in smart home scenarios, the temporal knowledge graph provides
temporal data for environmental changes and service statuses. Through federated learning algorithms that
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incorporate model parameters from different households, personalized model updates and predictions of smart
home service statuses are achieved. Experimental results showed that this method can effectively manage smart
home devices, accurately meet user demands with satisfied accuracy and rate of convergence.

Key words: Smart Home; Knowledge Graph; Runtime Model; Federated Learning; Internet
of Things
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Fig.1 Overview of Spatio-Temporal Data-Driven Intelligent Home Service Control Method
3.1 EReRERFAMREE
B, BRFERR SRR B R R S R B R HEDIREM
EATZ BRI R FHEAT i GO 8 e 5 R B R A 5 ST R D& (RIS
CRLET BTN IR CHEDTD MIREE AR R (LT RS “AR T CREIR .
AR I, R BE R M SR E B AT 7 S SRR R M s, DUIRSS IR R
BREFJE VR IIRE . A, SRR RE S E AR IS AT N @75, A an Tk T )
Y B B R0 R S B S ) 5 B RE R 25 O ST O SR AR 55X A ARE JE B Bl ) i 8 e X A
B SR BT . FE SORES RAEAR AN, RTI4TN ALY J5 1% 1 3l SE R0 I 10 88 e 5
PRI SRR TR, IRE T iRk 55 RS 0 ESCAR e O 0T 2 R RE LR IRAS T3, SEBL B S F AN
W ABE TR 2 T FR) X o] [R) A2 o e aod oo 8 e 5 S R VR B T M A 20 v SRS I %, R e
FJEIBAT I AR 1 P Jre S [ 48 52, SR 04 P P SRR A S5 AR AR IR 95 IR 285 PRI I P s S5



£ BE 3R R B R R | GRMASMEEER

BE |
///E E\ C [s e
4 Sense N | -

(B ) B B
T3 Efflect Loca‘ed{‘l_oceied in : N ;
T Service —Located in—»Location i i %Hi,'j\ ljél: I.I/E\\*ﬁg! i
\ \\ Provide Located in i i i
N \\ ) T Service
| =
| 3R  Context

User

_______________________

BRERER &

S S &g? e
% zu % . Sy
B2 SEaeRENFIREELESE
Fig. 2 Construction Method of Intelligent Home Temporal Knowledge Graph
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Fig. 3 Federated Learning Based Intelligent Home Service Control Method
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Table 3 Accuracy of Service Control in Temperature Scenarios

X LT Homel Home2 Home4 Home5

Rule-based 46.88 22.42 17.02 4921
Local-only 61.865 50.495 56.45 67.015
Global-only 67.954 78.685 64.15 74.85
Ours 85.745 91.045 89.31 91.78

R A SR ARG 0 2 AL AR AT 5% I 55 6 125 MR 2 015 T R 5 00 o i - TS KLU
MV R HER 3O 47.63%, WS TR . (B A SON A LA BOR 22 1
GIFAEANF R E ERIL M BRZSE, Tk 2B 5 A RRERN TR T AL
FEVIZEY DNN B TR RN 61.37%, SR FMILE L 20%K 28 . S5



A SR Y 1) DNIN B3RP S HER Ry 74.23%, I i 125 T A Hb 204 1 2k 1¥) DNN 4%
AR, (BS54 AR AT A ) 15%I1 220 . AR SCT R E AT 26 AR 5 10 P v 2y
87.04%, FESAZKEE ERImAE, HAEKEEMTERH 27208 5%. WA T VL REWS i 2
AN R BEAN [F) R 55 FR B 428 75 5K
*4 BEFHERTRFELEBE (%)
Table 4 Accuracy of Service Control in Relative Humidity Scenario

Xf L6 T Homel Home2 Home4 Home5

Rule-based 56.87 45.52 40.53 47.59
Local-only 59.05 70.16 65.09 51.19
Global-only 77.25 64.49 74.94 80.25
Ours 89.23 84.55 86.43 87.93

5 R U6 5 N ARSI i 50 LT VEE IR 25 8 P i FE ) LU IS 1O o 7E 50 FE 3 55
N TR IR S5 E AT ()P B 2R 4008 67.24%, HMELATH 2 I IR T AR
Hd ) DNN B #3170 (1) P X HERA 22N 80.78% o 3 T B S 4 SR M 20 A5 1 v A PS40 ME R 2R
81.40%, HAEETAMEIEN DNN BRI Z A K ARCTTEN-F BB HER R 2N
94.45%, Xt by i T AR BB AT BT iR U HE R AR AR T 10%.

x5 TAARTRISELEHBE (%)
Table 5 Accuracy of Service Control in Lighting Scenario

X L6 Homel Home2 Home4 Home5
Rule-based 73.50 70.52 60.35 60.59
Local-only 80.56 76.17 80.68 85.69
Global-only 85.11 81.59 77.21 81.68
Ours 95.22 94.08 95.45 93.05
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