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Hotel room environment monitoring and regulation system

based on comfort degree

Zhang Yunchuan, Ma Xiaolin, Wu Qianru, Luo Jiechong, Liu Ying, Wang Peifeng
(The School of Information Engineering ,Wuhan University of Technology,Wuhan 430070,China)
Abstract: With the improvement of living standards, people began to pursue a more comfortable
environment. The hotel room air conditioning mostly use gradient adjustment to solve the comfort
problem, to achieve a greater degree of limitations. In order to realize the monitoring and adjustment of
the hotel room environment, based on PMV (Predicted Mean Vote) and thermal comfort equation, the
optimal temperature of the human body under different environments is obtained. In order to make the
regulation more humane, Behavior habits, the control circuit module to collect data and realize the
algorithm and the intelligent control of air conditioning. The main innovatioHotel room environment
monitoring and regulation system based on comfort degreen is that: from the actual perception of the
human body to start to study the problem, with the most appropriate temperature control system instead
of the traditional gradient thermostat, put forward a new algorithm. The algorithm takes into account the
user's temperature control habits, closer to the user's real hot feeling, taking into account the human
nature and energy saving design principles.

Key words: air-conditioning engineering;thermol comfort; hotel room; behavior custom;
air-conditioned
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Fig. 1 System block diagram
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Fig. 2 Hardware structure diagram



m E ﬂ H iE 2 E ﬁ http://www.paper.edu.cn
2 ETRPITATINEERR
FENAARZ ISP IE TR T, PETE — EARAMEEI A R EZ T, NARIETE 2
e Z RN, TP IAE G IERFRIRR 2, DL PMV FIG0 BT & e b e AR
P, AT 5 NARETE R K HE Z MR R, & Halicam. MK Z PRI 5T
70 (IEELAT
21 LZEIEHHRETELE

MR TG AR 1L AR, B A P IR SR IR 1T, Oy 1 b B A5 AT K
AT, AR RSP T RN

M-W-C-R-E-S=0 4
75 KFH 6 Mem: ARREECUIE My ARBTIIIED W, N ARSE TH] R & 2R 5 LA

XPRTE B B #E C. N ARSI [n) A LA 58 DA S T sUHUR AR Ry 78 K AIRE HY
KFESWERHEE . MEFTRHE S, P RATE 1A Wim?.
N TR A IR IESE bR, FHE TR Fanger #ZURIRH 1 #iR AMAFRS S FHIAE
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7] 25 o [ B s 52 SR AR i R FE AR 2 5 TR0 58 S B R 2 2 A - PMV AP R MTS
(Mean Thermal Sensation). & #URIT-25 % Fanger1973 SEAHRHIT FL 3 B2 TR HEVA 4
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EEAE . R ~PI5E SR I — e (E .

F 1 ZRE M R

Tab. 1 The subject's sensory scale
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25°C; AZW)ER 5 iR WK 2 E T A= LR WA iR B 23°C o AEXT SEFRI
JE %% by AR T NARRETEVEGE b, e T 274 B R FIHEXNS R 248 LA FIHEXN R,
M0 RS X TR Y 18 2 50 2, B LU BIARSE, it Ko 32 ik # gl By DY 2=
AT S IR AE R 1, AR TR 2 B 8 B I S AE O A I TR) PS5 R 208 1 4R 5K
B PR R s A+ (R EAMHRER S 6).

R0 2 X 3 15, ISR RAL fo IRBESMRIIREE to P77 HIRBEIAEH 1 R IE
AR e #0BH BB 52 R R AKX RSN #5 . 1clo=0.82%Iclo, 1clo=0.155K-m2/W . R4 Xt
ZIBIE R B EEE R EFIEN 034 clo , ZFEHEXKEFWEN 137 clo »

T A I B GABRIEE A, B BUE SR WAK, ~FEME N 1.2met CAAHT RIS
TN 1met=58.15W/m), X TEIFZIREH. & 2. 3 hgit 7 &2 AR MR
FE44 TR PMV Al MTS .

*2 HEAFRE N PMV 5 MTS {4
Tab.2 PMYV and MTS values at different humidity in summer
TR 40% BEFETIH

(0)

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

PMV -273 -2.15 -193 -1.81 -1.65 -138 -1.06 -0.82 -0.42 -0.04 024 0.57 093 1.13 135

MTS -142 -1.16 -1.02 -0.95 -0.84 -0.67 -0.49 -0.31 -0.19 -0.06 0.02 0.41 0.82 1.05 1.23

W 50% B2

(0)

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

PMV -288 -249 -2.14 -2.03 -1.83 -147 -135 -0.74 -026 024 048 0.72 093 1.13 1.46

MTS -1.62 -132 -1.04 -097 -0.74 -0.59 -0.46 -0.31 -0.14 0.02 037 0.53 094 1.13 1.67

TSE 60% H K%M

I

(©)

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

PMV -283 -238 -2.04 -1.78 -1.46 -123 -1.12 -0.86 -0.35 -0.04 0.18 0.34 045 0.68 1.21
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MTS -1.58 -1.36 -0.96 -0.85 -0.82 -0.73 -0.61 -0.47 -0.36 -0.17 0.02 0.14 0.20 0.58 0.71
W 70% H R
Tz
) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PMV -2.81 -224 -193 -1.72 -1.47 -1.23 -1.05 -0.73 -0.48 -0.13 0.27 0.46 0.78 0.99 1.23
MTS -1.67 -1.12 -0.84 -0.72 -0.59 -0.32 -0.15 -0.04 0.12 025 0.29 041 0.67 0.89 0.91
B 80% HE KRR
Tz
) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PMV -2.85 -2.65 -2.03 -1.78 -1.64 -1.35 -1.03 -0.76 -0.47 -0.13 0.25 0.49 0.73 1.02 1.23
MTS -1.56 -1.04 -0.79 -0.73 -0.64 -0.47 -0.21 -0.11 -0.03 0.23 037 0.61 0.79 1.03 1.34
R 3 ZEAFRELTK PMV 5 MTS fH
Tab.3 PMYV and MTS values at different humidity in winter
BIE 40% A R7H
Tz
) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PMV -1.72 -1.59 -136 -1.23 -1.03 -0.74 -0.26 0.24 047 070 092 125 137 141 1.58
MTS -0.74 -0.67 -0.62 -0.55 -0.49 -0.24 -0.17 -0.09 0.05 0.14 0.52 095 1.03 133 1.68
T 50% ZRZTF
Tz
) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PMV -1.62 -1.27 -1.15 -097 -0.69 -0.34 -0.03 0.13 025 047 061 078 092 1.13 1.24
MTS -1.03 -0.87 -0.79 -0.72 -0.64 -0.51 -0.39 -0.14 -0.02 0.17 0.21 0.37 0.53 0.70 0.97
T 60% ZRZTIF
Tz
) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PMV -1.68 -148 -1.29 -1.19 -099 -0.62 -0.21 0.22 045 0.67 0.86 1.15 125 1.34 1.55
MTS -0.81 -0.71 -0.65 -0.58 -0.52 -0.27 -0.21 -0.07 -0.03 -0.15 0.55 097 099 129 1.57
T 70% XTI
Tz
) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PMV -1.65 -1.44 -1.22 -1.13 -091 -0.56 -0.14 027 0.55 074 097 123 133 1.52 1.64
MTS -0.85 -0.77 -0.71 -0.66 -0.59 -0.36 -0.29 -0.17 -0.11 047 0.86 095 097 121 1.52

B 80% ZKRZE[
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T
()

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

PMV -1.68 -147 -129 -1.20 -1.01 -0.63 -0.23 037 069 0.79 1.06 132 141 1.65 1.72

MTS -0.83 -0.72 -0.69 -0.63 -0.52 -0.31 -0.22 -0.14 -0.05 042 0.77 0.83 0.84 1.13 1.4I
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Fig. 3 Comparison of PMV and MTS Curve
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Tab.4 Comparison of summer and winter parameters in actual air - conditioned environment

SRR AL R
HZE ‘ S
IS H 16°C-30°C
40%-80% 40%-80%
o IE 25C e
MTS 5 PMV B 5 MTS=0.0472+0.413PMV

ME 3 FRT LA H PMV 5 MTS EA RS T ZS, RIR ML /L 55 H BT fg = A

AN AL T B Bh A% ) R GEBOE AL T 25 T2 B S I TRLRE M S35 75 S P 3 T i

150 FERA P MR o BB — A SRIR W] PMV BB FA — B & NMESERR 2, mEgH
IRJRIRYE, RN R T SRS P R E A O SR (MTS 2k D o @i Hrifld i i) e

LR F L ARG RGE AR FIR BT RN T B BRI - R AT B0 4 B
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Fig. 4 Program execution diagram
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Fig. 5 Comparison of winter energy consumption
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Fig.6 Comparison of summer energy consumption
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Tab. 5 Winter users’ experience score statistics table
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Fig.7 Users’ experience score distribution diagram
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Tab. 1 Summer users’ experience score statistics table
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Fig.8 Users’ experience score distribution diagram

-9



205

210

215

220

225

230

235

240

245

m E ﬂ H 2 r E http://www.paper.edu.cn

W E AT, ARG NG IE A B 91.3%, F P PIE
9-0.0091, #iET 0, JLPIER] 7 N EFE R
SIS A B HZEMTR AT, A SCAT DAIE % RGEGIYA il FP J7 TH 2 T 30T I8 B R e
WA AT, BRI AR AR EE. EZREN TIET, NMETEEAT
o

%&?

M SR, TTPURE SR I, B R R P AR, RERCRIIE, H
ﬁﬁ&uﬁ&%ﬁfﬁiﬁﬁ?ﬁ%mkmﬁﬁﬁgF7hmﬁﬁi%%%@%ﬁn&fﬁ
RIS, REBRI R B i e . AR HA W 707 %%, B BB AT R S i
.

4 él:l To

ARSI H BN T 3T F P AR S & s Ad B S R R E7E FE , ek A P A I AR p— 2R
RSP AR BIRIR 3%, SRS PMV ALK SET Ar#ETHE AL, Sl T —Fiihif
%F#mﬁﬁ%ﬁ CAE R ROE R IREEH R BRI ST & 2 PMV AR

OGRS FEhdE IR, W i AR e SR PMV-MTS K RE, Ui
MB%E&WMW&Wﬁ&ﬁ%ﬁ%%¢%ﬁ§%%%ﬁﬁﬁ%ﬂﬁﬁﬁ?%ﬁ%ﬁﬁ,
VUVAE 55— R P i (U ity AR RSB N B PR — E, B2 P Fahii B riR A E . MT
— L G PR I B, ANSCH SR TE G I P ST AREGE, HER T AL S R ERAR Y
Hi.

ASCHR I RS BARE N ST RERIFR A B TR KIRTF, (A2 25 R G0 R IR

ﬁw%ﬁﬁﬁgﬁ%ﬁﬁ,ﬁ%%ﬂ%%%ﬁ%%%ﬁﬁﬁﬁwﬁ@ N%%ﬁﬁ&%%
AR IR T, RURMERA AT s, TR R IREET A A, I B RIEAT

[&%E3C#k] (References)

(1] FRIFB R A2 ) 55 PAGET 42 ) 5 R G RT IEME S T REIE EUBT AL DAY R K 2012,

[2] SRASPEAE A RSP RS RE BT B AT D] ALV RS, 2016, 5:43-44.

[3] SK/NBE T Bl sk OB AL A T BP M2 M4 ST [D]. M 55 TP K2, 2015.

[4] YU Yao. WANG Xianquan,ZHU Gauilin etal .Study of Temperature Control System Based on BP Neural
Network Self-Tuning PID Controller[J]. Chinese Journal of Electron Devices, 2015, 6:1360-1363.

[5] 2% .BP Sk Hsudt 2 HAE PID ARAL ] th ORI HTAIT FE[D]. 7Y % P RHECRS:, 2012,

[6] EI X, LING H. Robust visual tracking using L1 minimization .[C].Proceedings of 2009 IEEE International
Conference on  Computer Vision. Berlin, German.2009.1436-1443.

[71GURBAN E H, ANDREESCU G D. Comparison of modified smith predictor and PID controller tuned by
genetic algorithms for greenhouse climate control[C].IEEE 9th international symposium Oil applied
computatuional intelligence and informatics. At timisoara, romania: SACI, 2014: 79-83.

(8] S AE, FKWINR, 37K I FRBIUTT AERL AR A AR 5 Py AET it B TR BT 7C (1] B4 5. 2016, 37(3): 84-88.
(9] 3, 5 N A IR X A AR AT I P R M ) S B8 F T (D] 2 5019 6E,2014,4(8):17-20.

[10] Fanger P O.Thermal comfort: analysis and applications in environmental engineering [M]. New York:
McGraw-Hill, 1972.

[11] =2XE, MEH. ARBAE T MANEREGL[D]. Kib: WIB K2, 2006.

-10 -



