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Research on LSTM-based prediction model of

smart home machine learning system
BAO Xiaoan, CHANG Haohao, XU Hai, DONG Liangliang » ZHANG Na
(School of Information Science and Technology , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the intelligence level of smart home system, a smart home machine
learning system which takes the LSTM-based recurrent neural network model as the core is proposed. The
system adopts the family unit as the forecasting node, and the improved LSTM network is used as the
baseline forecasting model. The prediction model of the household node is based on the baseline forecasting
model, and updates the family forecasting model by the new sample data. And the prediction model is
called according to the environment data to predict the status of the device. Experimental results show that
the system can adapt to multiple family nodes and new family behavior. Compared with the BP neural
network, the general recurrent neural network and the standard LSTM network, the baseline forecasting
model has higher prediction accuracy. It not only establishes a prediction model for each family node, but
also can update the forecasting model based on the new sample data generated by the user when actively
controlling the device, which helps to match the characteristics of different home users and realizes the
intelligent control of smart home products.

Key words: smart home; machine learning system; prediction model; recurrent neural network; LSTM
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# ZE: MOFs(Metal organic frameworks) # #+ B B & 4 & 69 tb A @ AR A= U & T8 a9 JL3E 2L & R IF 09 A2
R FRBEREFRL HAARZD TR EME > B R AT RAFAE L ILHH. 7?‘\#1 ST AT
& R B A 869 MOFs A st mE A SO, AWM 5 5 BTH . BrYradkm/ s BBl i FRERE
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KR AT M BB AW/ 5B
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AR K, & 8 A VLB 42 M B (Metal organic
frameworks, MOFs)/E b — Mg Bl ZFL A Bl 2 3 T
LORTE., ZMRE &8 B T oS A a8 H R GE
HFR A U GG 1 BT 5 A5 AL IRC A G A A B A 4
BT LI A0 K A R AL s ELAT LI = 2 IR 254
MOF's #4 8RB AT %5 5 A9 b 3% 1w BRRFL R R L vl 3
(18 FL 3B 285 460 LA B 2 v 1) ARG P R A 2 A 1 SR
AU H BT IZ 2 OB A R R B S B
Rt AR 2l iy T S T AR R AR
B AR 5. 4R Sk MOFs #1 R 8% )32 0 T
SRR A Y AT W B 5 43 B AR L A CO, A 3REY |
H, Mt A7 .CO,/CHY™ M H, /CO™ 53 8 55 .
A EE H Al R AL A1 RE, MOFs 41 RE B A 08 B4 kL e 4
PEAF e MR S0, Rt A o R i A T IR Y
AT FH G Ak 42 W B 5 0 1 B LR R

B BT 5 A PUEC AR BB AT DU A 4 R
(7 N 1 e e A N O | Bl R A 1
RN 53T W B 4 T 45 4L B AR MOFs M B A2 58
P BB WA B 4 F 7E % 28 MOFs 1 kL A i) i Bt
Sy AT R, Hb d o SRS B S RN 4 D8 A A
MOFs # 80 2,5- 331, 4- X 4 R FC A (2,
5-dioxido-1, 4-benzenedicarboxylate, DOBDC) 1 4
J& B ¥ M" (Co.,Ni, Mg 45) Bt A7 JE 1 i G AL+ Kt
Bl M-DOBDCs %I #1 ¥}, E4ERF Z 0F5E R W,
M-DOBDCs 2 Il #1 &} v i A 1 F1 4 J& A A5 K5 52 i
H [ CHPY P Je COY %5 78 Hovh i 77 i 1k k. HL
AN 4 & AV A5 AR Sy 22 TR A AR R
IR RS B il AR RE T

ARk 1F Z 5 B TR & AN &R
B3 19 MOFs b1 8% B 46 9 W B 55 43 B3 09 5%
Bil4n, Brict %00 F S A R WA & TR T 6
MOFs #EXF SO, .Cl, \NH, 54 FH KRR S
SYEPERE . BFIT A R LW, SO, FER Zn AR
FBY MOF-74 Hgh 5 B & (29 3. 1 mol/kg) fixfE,
SO, £ MOF-74 5y W B = 41 b T HAE BPL AIE
PESR NN T 6 £% 510 SO, 7E & Cu AL AL A 1
MOF-199 (LFk Cu-BTC) H i W fff B 5 H A BPL
UG P e v %) W B AR T . DA A LR A E R
PR AE B A0 4 8 A7 5 9 MOFs 4484 o f%) W% i it
WA T, T HAE MOF-199 £ HE 5 %, %
AR TR SR SO, #EiX 6 flt MOFs #1
B B AT R ST 45 SR R W MOF-74 X 4 18
Sorp SO, BAT e 4y B s R, Hok o MOF-199,
B MOF's #1862 7 10 A 10 F0 4 i 7 i A F) T 48 5

SO, MIEREPE . X0 T AR A4 8 A7 8 7 DL 5E Y
P& oy W2 A i A AU 9RO S SO, 2 8] i A B AR
FH S TS 30 SO, 78 iy W B o %58 K 3 1T 42 /&
TR SO, 15y B MERE . Glover &5 Fi| H g)
BRI T SO, NH, %4 ES AL S A
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Mg) Z 1 B4 6} v (8 W2 BfE /43 25 47 R, F 58 B, SO,
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e iR R W B AN K B /MR IRl Mg-MOF-74, Co-
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Hb I A R S R I AR = T SO, /N,
IRA A M-MOF-74 2506 6 1 2 25 g, DF 5T
4ER KW, Mg-MOF-74 MR & Sk H SO, A #H
B ACR . H ] U, MOFs # R A1 42 8
LA R 5 b R B Ak 0 1 W B 5 o s e

VT ARk Bl A TS LR 1 18 ke 43 R4
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NO, HJ53 85 1 BE , BF 58 45 R F B . SO, 78 & R A
& JE ALY Mg-MOF-74 () TAE 25 & e K, Mg-
MOF-74 38 < SO, HAT 80 B8O .
UL Yu SEUO I HE— 2ok B IE W] 5 AR R 2 R
(Grand canonical Monte Carlo, GCMC) JFiEVEME T
MBS Y SO, XF Cu-BTC gk CO, BySm, WFo
R EI R T MIE AP SO, 2/ Cu-BTC
XFCO, /N, i 8EME X & i T SO, 5 Cu-BTC Z
[F1] 79 A AR FH B R T 3
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AR SRS B K5 MOFs 4R 1 45 7 5 0%
Sy EPEREZ AR e R . LA SCR 4 T 155401
SRART A AN 0 4 T A7 5B 4 JE A LR SRR
JHIE S SO, WM 5 43 B3 ATy, 8 78 42 ) 5 - XF
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1 HEEEYIEE

1.1 MOFs MRS R K 4544 1 Bt
1.1.1 MOFs ¥ RHE R

BN 4 )8 B F 1 M-DOBDCs(M=Zn.Co.
Ni DA K Mg) 7 51 b4 6} g W B 500 48 358 4 Ja B8 Xf
SO, Wkt o B PERE R M, o, Zn-DOBDC & fix
LB 09 A AR RN 42 @ A7 8 ) M-DOBDCs % 471
Mk, M-DOBDCs % 81 #1 %} B A ALBC 1A 2, 5-— %
1 AR ZHRYS M aeEEF M (Mg, Co,
Ni DA K& Zn) A 42500 8 % 2K M B oA — 4N ih B
MIFLIESEH . B3R MOFs BB i 1A 25 kg 3 [
8 B Bt ¥ % ( Cambridge crystallographic data
centre, CCDO) #k13, B 2 BN FEHEZREE K
o AR S5 H BE H £ MOFs 254, 35 R 20 1 12
J5 X% MOFs bR 25 74 #3847 00 Ak . BAR O Ak i
2N ARALRT S 2 MOFs bk} 5 1A 45 ¥ Bir & i1
AL B AR JE LA MOFs #4818 i i 2 50r I 1 7 B
N, K %E A 1 (Smart minimizer) ¥ 47 BE 18 B
AN, DA TTTAS B R 1 R AR 254
1.1.2 MOFs M B 2585 M

W Bif B 7E MOFs A48 v i1y Wz Bif 47 2 5 MOFs
AR 1) &5 W M I (FL B L E 3R TE B ALAR A D 25 1)
A, AR SRR 1 M-DOBDCs % %1) MOFs # £l iy
SERPE BT (FLBR L LR AL AL i) WL 1. A
Fh Al PLE 1 Mg-DOBDC 1 e 2 1 B2 fie K, ik

Z ) L] A8 S 80K Lorentz-Berthelot (LB) JE
A AL

MOFs # ki 22 5+ 19 L] fE S %50k A
DREIDING" J1 37, {0 & % F DREIDING Jj 37 it
KW B 7, 4 Co, Mg, Ni J5 1. HAEHH 2 %0k A
UFF* J13g. MOFs MR 28 T 19 LI fEH 2
BT )13 W3 2, MOFs #4 BB 2245 25 80 114 Ji2
T B g JE T g Sr R K R A 3 R T
P 53 ik ¥ (Connectivity-based atom contribution,
CBAO) 3k 1%, M-DOBDCs #1 ¥} 41 [8] J& F fir &b /4 34
B[R], H faf AS 6] A 326 M-DOBDCs 4 8} i A [
JAF R AT KOS A R 1 iR, M-
DOBDCs ‘22 45 44 vh 7 ] 28 B J5t 5~ 1) v fap UL 3R 3,
X F W B 57 N, A CO, 43, Hed f A0 L) A H
VE I BEZ 505k B TraPPE J135.3% 1 54 T
WIEAAR R A R AP 1Y 3E A 6 F SO, 15 . A
SCR L Okolic 19 e B = A 55 1Y L) 45580k 4§
., FEFLE AT LSO, (N, 1 CO, R =74 L)
L ARE BT, L L] A B AE e S B E T i
faf WL 4,

% 2 M-DOBDCs ##lHBEZREFH LI

1718 m*/g.
£ 1 MOFs # Bl &M R
MORSHE AR/ ffj%ﬁf) A /nm
Mg-DOBDC 0.69 1718 1.04
Co-DOBDC 0.70 1158 1.03
Ni-DOBDC 0.68 1112 1.01
Zn-DOBDC 0.70 988.0 0.98

ERSHRME NS
JR KA e/ky/K ¢/ nm 135 A
C 47.90 0. 347 DREIDING
H 7.64 0. 285 DREIDING
O 48. 20 0.303 DREIDING
Zn 27.70 0. 404 DREIDING
Co 7.05 0. 256 UFF
Mg 55.90 0. 269 UFF
Ni 7.55 0.253 UFF

L2 FEERES N5 ZH

MK BB T3 7355 W0 R 55 LA B W R S5 735 22 T Y A
AR RE 2 10 Ao A 3 7 AR A S A T B9 Lennard-
Jones (LI AHE A I #5855 o A5 9 & ) 34 g
NFIARAT (4, HL A 4 By 2 8 X n =X (D P

B o 12_ o 6 aq
V;j*4€;j [[7‘]\) Erij\) ]+4807‘ij (1)
;H\:EFIV|J1E%§JE¥ 1 ﬂ”ﬁ%] ZIETJ E]/‘JEE% [XSH] ﬂ] O‘ajéi}’

HURERIE T/ L] BB E g Mg 20 B0 1A
JEF § Bt (8 s AT s e DA RO HUE R AN TR T

1 M-DOBDCs # ki AS [a] 25 8 5+ 1 7R 3 ]
HHMFE1I—4RRCREF.5RRHIETF.6—8FmORTF,
9 RGBT (M),
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% 3 M-DOBDCs #1# 1 A [E] K B 7 F By R 74

MOF's #4 ¥} 1 5 3 1 E%fﬁ 2 6 7 8 9
e O e e S SO S
coome S TGT NS To o o @
woowe Y’ TG NS T T @ o o
zooie %00 TG NS T T o @ o cw

x4 SO,.N, #n1 CO, LUHHEEH

BEE S BN R F R
Hiliy (A e/ky/K o/nm q/e

SO, S 146.0 0.362 0.471
O 57.4 0.301 —0.235
N, N 36.0 0.331 —0.482

com — — 0. 964

CO, C 27.0 0. 280 0. 700
O 79.0 0. 305 —0.350

1.3 B4y
AR Y B TE W 52 45 R B 5 R R B 5 AN
A4 8 A7 A5 B9 M-DOBDCs 2 51 81 B X% SO, 1
BE5 2 B AT N R G Mso, + My, ¢+ Meo, W8 R
0.002 : 0,848 * 0.150, 5 Tl H B —2, Bl
AR IR E N 313 K, WIS SO, 438
it R H A5 AR R B (Vacuum pressure swing
adsorption, VSA) . 7£ VSA 3 B2 W fft & 714 1. 0 bar,
JRBFFE 7R 0.1 bar, LJ A B E 0 #8072 124
128 nm, Bl & F R K K Tk am 2 £5.
X TR — AR L. GOMC B B K E R 1X
10° 3RS, FRis 47 1 X 10° #1745 R 514t
B B, S TG S A AR 48 5 1 1 M-
DOBDCs %% MOF #4BFXHHIE S SO, 1Y 53 85 7
BE T O T AL A REXTHR &S SO, 1 HH X 32E £5
PE R B % R BOE LT
:x“/xb
ya/yb
P, Ay, 430 R I a A W B AR RN AR AR AR P Y
BEIR 8. TAEA i (Working capacity , W) & 1E 44
SREPERE ) — N EE S O T I MOR 4 R
B8 ) M-DOBDCs Z 41 AL X600 1 S SO, 1943
BITERE TS T VSA iR AL A R SO, T
YERHE (Wso, ) s FIEUA R IR A FRR
W so, = Nisozte — Nigods (3
s Noges 1 Nisoges 70 531 S W52 B 7 3 008 B

(2)

a/b

IRA 51 SO, 78 DOBDCs Z 4144 K} v i g i &, 24
{24 mol/kg.,

W 5 A R L2 S e R S5 R PR I 70 % VR e S5 5 i
B I 22 160 B4 AR LA P A 5 55 L ZE RS RS R v et T
W B 38 CQu ) » MR B A 1) B2 G 1 =X =X () Jr 7w
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LV RRER RN EHGE. N BRFER R P B
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2 HR5WH
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B R 4 TR BT X SO, W B BE 1 52 i, 455401
T 313 K i} SO, 43 F 7 M-DOBDCs(M = Zn, Co,
Ni DL Rz Mg) b4 ) v (1% W B 45 U 46, 45 2R an &1 2 B
e DN 2 R R] R B W B A IR 4R b R — 2
SO, # M-DOBDCs 1 1t W Fff 52 Fifi 25 & 3 (%) 36 hn s
SEIVHIE N, SR 5 B AR BT . 24K /N TF0. 1 bar
B, SO, 76 R 4 J& B F 1 M-DOBDCs F 41| #4 %}
{18 W BRI AR Z] /MK YK R Zn-DOBDC ., Ni-DOBDC
Co-DOBDC,Mg-DOBDC, ixX 1] & & I A K & T Zn-
DOBDC 5 SO, 2 [8] A B AE B R 2 .
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e
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W B FR /N RS LA e Wz BRF J5 55 W2 B 50 1] AH B AR
FH B 5555, Ry 1 48 7% W B J5T 5 8% A 50 B0 AR ELAE D B2
7T 313 K MK JE F SO, £ DOBDCs % 31 #1 ¥
PR 2 6 A, I 592 RS T R R Bk A A DG B L 25 SR A
K3 s . M3 dml &3, 76 8K J1 it SO, 78
M-DOBDCs F 41| #4 6} v (1) W B 3 il 5 H A % 61
rY I WA T A 1 85 T £ M G R 1 e L I B R I
I FE K« Zn-DOBDC, Ni-DOBDC, Co-DOBDC, Mg-
DOBDC, 3 H SO, & Zn-DOBDC ity W [ #4 75 ik
40 kJ/mol, X & H Zn" 5 DOBDC B4R 1,4~
X} 2 R AR B - O A B TR B e R R (Zn
Ni' (Co" \Mg" 5 I i & e AR & + I f7 B JB B Y
“Se 7oyl 153, 5°,133. 2°,126. 4°F1 91. 7°) . A
I B4 FF VAT SO, #2358 Zn AMAIN S, %
W B A b e B 5 1 20 T s R R AR A A —
LA SO, 40T 5 MOFs #KF 2 18] /Y A1 1 AE H #
T W B HGER K , FEAE MOFs A% 110 18 B2 e

Zn-DOBDC

LY 08

Co-DOBDC
i Mg-DOBDC . . .
32 34 36 38 40 42
MR A (kT - mol™)

SO M [ /(5> T4 -

&~

K 3 313 K 2 0.05 bar Bf SO, 7£ M-DOBDCs
Ak v A R B A5 I R T 1) O 2R

& E T SO, 78 M-DOBDCs #1 ¥} Hv (16 15 Fff £ 42
AT VRLRT TR RN B Y 25 5 £ B MOFs #ORH 2544
PR (R T AU FLIABO A 5C, 313 K M 1. 0 bar A
SO, £ M-DOBDCs #1 ¥}t 1) W B 5t 5 2% 26 b4 Rl 45
PP 5T C LG 2 T BRI AL AR BO Z B B 6 & il 4 B
N MW 4 RHEEB LSO, £ M-DOBDCs # ¥} Y
W o Bt 5 2% 28 ek 1) B 3% T B B LA R S e 1
i, B M-DOBDCs 1 } 1 Fr 2 T B A | L AR B
1515 SO, 78 % 0 B BE B AT
2.2 &JEE X ME AT SO, 2 P RE R SR

MOF's B4R W 28 500 09 0 B P B8 4, 38 5
BRI B R, NIEAE M-DOBDCs % 41| #4
BEXTHAE S SO, 4 B PEfE . 878 & 8 B 1 X5 40 3
PERERO S, S SCiHE T 313 K M2 0. 1 bar B |3k
HARF 4R E T 1 MOFs # 8 x4 41 18 < rp SO, 1
X EREE R B R WA 5 Fin., KNS TR E

Mg-DOBDC

)
[\e]
N
T

Co-DOBDC

[ |
Ni-DOBDC

SO ML /(53T %

Zn-DOBDC . . .
45 50 55 60 65
He R R (nm® - S
(2)M-DOBDCsHIFH Ll A& 111 B 555 O, Bt 22 9 5 2% h 2%

28 Mg-DOBDC

26

- fHE)

24 Co-DOBDC
=

22F

SO /(5 %

20} Ni-DOBDC

Zrll-DOB[I)C ) ) ) )

2.2 I 2.3 I 2.4 ‘ 2.5 . 2.6 . 2.7 I 2.8
FUAERY (nm® - SHT)

(b)M-DOBDCsH AL 5SSO, W% fit A % R h 2%

18

Bl 4 313 K & 1.0 bar B AR [A] 4 )& 5 F 19 M-DOBDCs
BRI SR VE TR 5 SO, W A 56 2 i 28

L. M-DOBDCs &5 £1 8% SO, A W B it 84 K
F/ME R N : Zn-DOBDC, Ni-DOBDC, Co-DOBDC ,
Mg-DOBDC, H 1 Zn-DOBDC %I 4 i < H SO, 1Y
ST BT R , A BRI R AL 39. 3. SO, TE
M-DOBDCs 1 i) W fi 47 24 52 M i < rf CO, & N,
2H A3 14 5 W, 33 T 52 i M-DOBDCs # 8E%F SO, %
FM. M-DOBDCs Z 58 ¥ X SO, 43 B 14 6E 1Y 22
SEEREHTWE P N,.CO, 5 SO, 171 354
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Molecular simulation study on adsorption and separation of SQO; in

flue gas by metal organic frameworks with unsaturated metal sites
WEI Qiuyun' » SHEN Chongbin'* » KONG Zhe' . ZHANG Li'
(1. School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Hangzhou Middle School Affiliated to Beijing Normal University, Hangzhou 310002, China;
3. College of Materials &. Environmental Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: Metal Organic Frameworks (MOFs) is considered as the most promising material for
absorbing and separating sulfide compounds for its advantages of high specific surface area and porosity,
adjustable pore size, and good thermodynamics and chemical stability. In this paper, molecular simulation
method was employed to study the adsorption and separation of SO, by MOFs with unsaturated metal sites,
to reveal the factors influencing the adsorption/separation properties. The research results suggest that, in
case of low pressure, the SO, absorption property of MOFs depends on the interaction between SO, and
MOFs, and great interaction between SO, and MOFs means high absorption property; in case of high
pressure, the SO,adsorption property of MOFs is decided by specific surface area and pore volume. The
larger the angle between metal ion and organic ligands is, the larger the probability that the SO, in flue gas
contacts the unsaturated metal sites of M-DOBDCs (M-DOBDCs refer to cellular materials formed by metal
ions of M" (Co, Ni, Mg, etc.)and 2, 5-dioxido-1,4-benzenedicarboxylate (DOBDC) by means of ligand
coordination) is, the greater the interaction between M-DOBDCs and SO, in flue gas is, and the better M-
DOBDC performs in separating SO, in flue gas. The M-DOBDCs containing different metal ions are of
similar property of absorbing N, in flue gas, and the difference of M-DOBDCs containing different metal
ions in the property of separating flue gas is mainly caused by the difference between CO, and SO, in
competitive effect in M-DOBDCs. Zn-DOBDC is a good candidate for separating SO, from flue gas in VSA
process.

Key words: metal organic frameworks; flue gas; adsorption/separation; molecular simulation
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