a OPEN ACCESS

Journal of the Korean Solar Energy Society
Vol.38, No.6, pp.65-72, December 2018
https://doi.org/10.7836/kses.2018.38.6.065

pISSN : 1598-6411
elSSN : 2508-3562

Received: 03 December 2018
Revised: 19 December 2018

Accepted: 20 December 2018

Copyright © Korean Solar Energy Society

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
NonCommercial License which permits unrestricted
non-commercial use, distribution, and reproduction
in any medium, provided the original work is
properly cited.

QUi B7|25p7]| ko] Fhatey e

o | o -
*t %
2401 - 284
IOt EAAEE, zas
ColMCiTstn EAlAZEE, e

Virtual In-situ Sensor Calibration and the
Application in Unitary Air Conditioners

Sungmin Yoon™t - Yong-Shik Kim**

“Division of Architecture and Urban Design, Incheon National University, Assistant Professor
**Division of Architecture and Urban Design, Incheon National University, Professor

TCorresponding author: syoon@jinu.ac.kr

Abstract

Since data-driven building technologies have been widely applied to building energy systems,
the accuracy of building sensors has more impacts on the building performance and system
performance analysis. Various building sensors, however, can have typical errors including a
random error (noise) and a systematic error (bias). The systematic error is indicated by the
difference between the mean of measurements and their true value. It may occur due to the
sensor’s physical condition, measured phenomena, working environments inside the systems.
Unfortunately, a conventional calibration method has limitations in calibrating the systematic
errors because of the difference between working environments and calibration conditions. In
such situations, a novel sensor calibration method is needed to handle various sensor errors,
especially for systematic errors, in building energy systems having various thermodynamic
environments. This study proposes a building sensor calibration method named Virtual In-situ
Calibration (VIC) and shows how it is applied into a real building system and how it solves the
Sensor errors.

Keywords: 712414 (Building sensing), A4 7Hd B2 7] € (Virtual in-situ sensor calibration),
ZAEo Y2 A ~ 8 (Building systems), 2~0FE Y 7] & (Smart building technologies)
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N =He 5] s 22 4= itk 55], thaRt @9eH 78S Ad AAE|AAIAF Y] AA Sl A~
glo] Az A et ARt A5-04} (] 19.2°C)7F AR Aol BRI, Yoon et al.”-2 7A22] Y
HIE A2 U] A ] Theet Al e 2fe] ofR o 2] 4xH] o] Z7HE|H oF 150% 57Dt 24 B4
AR EAste] Als@ate] FAg2 gkt o) & siidsh] St %%4 TR/ AEselet. kARt 7129
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Calibration)& 7} A1) AU 2| A 2lo]) 285k X212 A5}t shet.

2. MIA 7P A B (Virtual In-situ sensor Calibration, VIC)

21VIC7H2

2 QoA ANSHe AR AROHIA 2T Bel2] Bt S8 78S 0187 1] @
AR e, A28 W SR MRS FEekL hAE 4 QP . 53], ALE ) 447 ATeAE
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2.2 2ARY(VIC formulation)
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2.3 Bayesian MCMC

2.2004 73 eJet AP 2|4tk W (QIAl Mot BEl o] n| 24 & EE517] fof] Hlo|#]¢F 5
2 (Bayesian Inference)-2 A&} o]i= 2](5)8} o] MSEQ APHS SR} QL3 E HlElo 7 of

SO A S E RIS ARt © TA 15=0] AP E R E = Central Limit Theorem® & 7|9ho 2 2
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Fig. 1 System diagram and measurements

Table 1 Operational conditions

Number of . . . . .
st;rgyirt;e Outdoor Outdoor airflow Indoor Indoor airflow  Evaporating coil ~ Refrigerant
o 0 o ) i3 )
conditions temperature [°C] [%] temperature [°C] [%] condition charge [%]
Wet
9 35 100 26.7 50-120 1
(>50%) 00

3.2 VIC 24| +~d
31014 Uehd SH7]o|M 9] SHEE 2folE Zefiole AAEY] AT 2HE BAsH | #1s VICY] A2t
T2 Aolololrh. M-S AFFAIAM AAoh= Aot AAaE Aig e B8 245 & 74-F, WS
H|5l} 57152] 254 0] s A Lreb . whebA, S71500 A R1E 5719 A (5=A 271, =57 270,
F2A 17l tigt ARlkrE Fds6I3aL, SE71014 9] 71229 A= RS o]-85131tt Table 2+ 5
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AQ)E v ez SAgkl nA o] BASSE 2 Atz A oHIAL o= g AlLR 0] 274 i
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o= Aol qlet. A deolA 2] 97]¢] HolE AE FollA 87) HE+= E A8 (training set) 0 &, 17]9] A
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Table 2 Prior and posterior distributions of five offsetting constants

Correction function and Priors’ Posteriors'
Sensor variable x Mean Standard Mean Standard
deviation (Median) deviation
7,
(Outlet T,.~Totx, 0 0.78 (g'ig) 0.48
temperature) ’
T; -0.49
Ti c=Ti+ i . 2
(Inlet temperature) ' & 0 078 (-0.50) 023
D 0.21
(Outlet dew point D, =D,+x, 0 0.16 ( 0' 23) 0.22
temperature) ’
i~ 0.11
(Inlet dew point D; =Ditx; 0 0.16 ( 0‘ 12) 0.17
temperature) ’
4 , 1436
=V+d’x, . .
(Airflow rate) VVray 0 244 (14.38) 100

# Unit: temperatures (°C) and mass flow rates (m*/h).
®ais 10, which is introduced into the correction function to match its prior distribution to those of temperatures.

3.3 XA ol nzk
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AFE32)E APASHER 229} 37 Urepdint. 2EAA et e Al Aol = Al eake] 2717} ulle- 21 Lret
HoH, B & g eate] 7|7 ik Aa & 4 AT S oA = ARt AP L] 2lo]
£ 5ol Ars A AE0] ZA WA AS & 4= lgloH, sHE o3 TRt B & A4Sl ol 2jt
AlS] AL Al2E U BRI 37 e 50N A f1xI mhE ArseAl= Alm ) uiARf o =
B Avpe] AR atof| thet Hatt FFHALE Table 29 YT
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£ ANk e Axtolth. B8 Hole] MERES v 0 & ARt AHET @Ab= tlole AEQ] 401 A8l
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Fig. 3 The distributions of cooling capacity balance errors after a calibration
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