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Genetic-Algorithm-Based Parameter Identification and Artificial-Neural-
Network-Based Error Compensation for Chiller Model
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Abstract Accurate chiller models are important for the energy conservation of chillers. The DOE-2 model is the most common chiller
model. Parameter identification and error compensation are crucial for the development of an accurate DOE-2 model. However, the param-
eter identification of a DOE-2 model of an actual chiller is usually challenging because chillers are usually equipped with limited sensors
and the quality of actual data is usually low. To address the above issues, a genetic algorithm based on an external knowledge base for pa-
rameter identification and artificial-neural-network-based ( ANN-based) error compensation method are proposed. The results show that the
proposed genetic algorithm can significantly reduce the computation load of parameter identification of the DOE-2 model. It can also signifi-
cantly improve the accuracy of the DOE-2 model. Moreover, the accuracy of the DOE-2 model with the ANN-based error compensation is
significantly higher than that of the DOE-2 model without error compensation. The MAE, RMSE, MAPE, and CV-RMSE of the model with
error compensation in predicting the chilled water outlet temperature were reduced by 36.49% , 46.00% , 33.16% , and 45.73% , respec-
tively, while R* of the model with error compensation was increased by 25.75%.

Keywords chiller modeling; genetic algorithm; parameter identification; artificial neural network; error compensation

VE Ry b e zs P R G L JNAR O Ve K HLERRE 1@ r BRI KL A 5. 1. P. H. Bourdouxhe
FEZ s P R G R 40% ~ 50%" " o HT¥& KL %[2] T ASHRAE Primary Toolkit ALY , Z AR
A PER 2 HVLFRAE 2% M R rT SR 0 0 BB SRR BERS 2R R A% R 46 BRI I I 1 45 2 ) A7
HAERC RN, BHAT, CHFZFEHENRRIAT R DI e A SN /K HLZH i R (A e, 1% iy
HBONEHAT T JF IR T — L0 KL PERERE RO EMERE R, RGN ZE TOURR T B R S kAR
B ZOUS RO TR T RGENTRE ARG K, 207 B 0] F 2 K B 50 7% /K PLA

F4TH m%ﬁﬁi+%%$(51706197)%ﬁjﬂ)ﬁE‘L ('The project was q&*l%]‘aﬁﬂ:2020-09-27;1|%@ Hi . 2020-11-23
supported by the National Natural Science Foundation of China ( No.
51706197).)



F42% F3H Fl % ¥l Vol. 42 ,No. 3
2021 £ 6 H Journal of Refrigeration June, 2021

DI BRI ST B W EE SRR Gordon-NG  BIEREL, =X (3) Fis,

FETUH Lee RO | 19 255 247000 aod ) 6 1 Bt A 8 2k EIRFT =gy + 85, 0 + 823 TL'hwo2 tgule: *

Fraifk ok 15 31 5 T % K HLAL P 5B &R 4 COP iy
T Y K LA 40 0 A Y 3 ) A R B — Ik e
[ A 76 (S AR ) 5 Yk 2R 1 A1 I S50 ( BQ A
)Ll DOE-2 #6717 FiZ2 o0 2 1 2K [B] AR ( MP A
) U ISR TR A e I LA e, e
T K ML PE e T AN B2 ) ek, B o
KA ARLR 27 > i 7 R i 1 TOUIORG B8 i N M 22
W 245 SEHLA 2 2T Sk T AR )32 I R K ML
ﬁ*ﬁ[lo—ll] .

AT 3R IURN 51, DOE-2 B Ay H A 451
IRMLAE Y EKH T IRLEE & VR K AR /K TR BE ATy %,
SRR EATRARST H B — 7 YRR S R
Z RT3 K LA 5 @A DOE-2 | EnergyPlus #l
Dymola ZF 8 HIRH T84, DOE-2 BRI 241
E R P S/ N AR K T KRB AT LG
SR R BE B R R AR R A . SEBRY
Y 5B S B0 T A PR AR M i e/ — e i
HERA . FE b b AR AL A 22 B
WG PAE R 8, 50815 B () DOE-2 A5 Y 7 7
HA KT

AR SCHE H — ol i 38 4 B AN A 48 I 2% 11
SRR 22 A ME T IR AR e LR [T, I 76 SEPRI5
H B4 TRAIE , AT S8 AR HERA KA LA AR R S 504
HE—FhoBr T

1 BB SHIHATIREMET &

1.1 DOE-2 ##!

DOE-2 FRR Y 3 451 B il 2ok #5002 /K L
(K TRLEE RIDIAET 3 3 Sl 4k 23 )k 1 ¥4 B
ik EIR 517 PIRAER R MM EIR 5HAHEFLR
£, Jorb EIR S COP A%, BVah 2 5 % i
Z I, iR & TR K LA HIE 8 E
FRECCAPFT, X (1) fros, BETIZEE R4 AT LA
T B AR T Ve B, an=X(2) s

CAPFT =g\, + g oo + 813 ene” + 8T +

8is Tcwi2 + 816 o T (1)

T, AR AR FHREE ,°C 5 T, AR HIK
PEFEVE ,C 811 81 815814 &1 &1 WFFAE R AL,

CAP = Q. x CAPFT (2)

o CAP ¥ K LA A5 AT FH 8 5 kT 5 0,
IV K HLEH 8 E i V2 k)

EIR 547 IRA& K R ML T8 faris 17
V2 207K il B A R K il BE AR A X v /K HLZH EIR 1Y)

— 94 —

&5 TL'wiz + 826 Lot T (3)

K 182182823824 825 \gzsﬁﬁ%%%ﬁo

IKHLAE R o T iz 47 I, 51 EIR 5 8%
RARML, T3 T & IE R4 EIRFPLR , 41
K(4) FoR,

EIRFPLR =g, + g,PLR + g5, PLR® (4)

gy 80 8 WIFE REG PLR N 405 H
YRR R (R R KL IS B Q. SR i
TOL T EORHIR i CAP Z 1,

BT ik 3 FRMEREMNLR i n] ITTIRAR 112 K
HLELAY SEPR IR, W (5) BiR

p- CAP x EIRFT x EIRFPLR (5)

COP,

K PR KL SR YR kW ; COP, 2K
PLEHAE COP,

SRV VR TR (6) T
=Ty - RN (6)

My Cp

AP T, R R FREE, °C 5 Q,,, 18 452
PRl e it kW, B Q, 15 CAP H9BUIME.

SEBRV K R (7)) T

Tcwo = T(:\\i + QCW (7)

m

cw p

AP T, R HIK I FRIREE , °C sm,, ¥ JIK
i, kg/s; QMR MK IR KWL IR P S Q,,
Z A,
1.2 EFHMBEIRENEEEE

BER DR — R W s 2Tk, e
N TR SRR, Gl G BEBOE 20 R SR 4
AMIEA S B ZTE L, R IAT R v AR TR T T SR
R, DOE-2 fRIvh 3 Ze Pk RE 2k 19 R 808 b 520
RS 13 2, B8 2R i e 8 B O LA el i, n
EnergyPlus . Dymola #1 DOE-2 Z5{j5 ELARFHEAIE T 22 75
HEIR L 5E TFRIRRE R A5 A 7 f AN [ 1518 K AL
DOE-2 FRIPERE i 2 R, BB ARBLS K HLZH 22 1]
PERE AR, IR 48 1 & A K HLZE PR R h 2k 2R 4L
A DL i R AR K WL DOE-2 R RIS 4 R
T, T R, A SR — A T AR R
AL B X RS K HLZH DOE-2 45 8 S itk A7
BER L LBRINE

1) W€ Hir ek g, R H br ek Ecan =X (8) fir
o ALTE A B B - H RIS S,
it H s pRESGA 3 42 Jmy fe/ ML

T

chwo




g2t £3H . ‘ . ot er <t s a5t e Vol. 42, No. 3
2021 % 6 A ETFEEEEMAIHMEMERNS KNARRSHIHARIREIMET X June, 2021
1 " ~ ~ 3) Y%k DOE-2 #7125 i FiU AR AY | ACHHF 5% v
= T Z i=1 [ < T - Tchwui ) : + ( Tcwoi - Tcwoi ) ? ] y ) 2 T A 1
m =i N TR 2R 55 A DOE-2 #580 fls A i i ok

(8)
KT A1 T AR T 0 B S K

RIS HIK H CHRIE °C 5 T, FIT,, A T i F
DOE-2 HERIHUIN (4 ¥4 VR K AN H1K H H R EE ,C5m
M TSR REA B

2) Wi SEAE RN, 4 Dymola HRYR K HLLA
DOE-2 FRIPERE M £ 4 Ry SRR R . AE S50k
‘iﬂ%ﬁé%ﬁﬁﬁ%ﬁrﬁﬂ@%%%ﬁ‘ﬁ$
RKHLALTE 6 TS bR - AARBURE | 38 AN HIRZE
5% KL ALY BIF A V2 K BLE (LA R RR I & 2%
BHL) o 6 TFE bR 43 5 8 R 4a BT (g0 5K R AT
X IHFEGE) B BER A (KB X K XA
ML (5 G b 10 S S 28 AR A4 ) A PR
PERE M 2R BV B (R R H RS L A H K
m@ﬁ&@ﬁ%ﬁﬁww&ﬁMimﬁﬁ%@m%
A2 R A & DOE-2 BRI SR R, ABFS
*W%%@m%%@%%ﬁ%kﬁﬁ%¢ﬁﬁﬁ§
BT,

3)FT Lk H bR R BN S 50 R s
RPN DOE-2 BRI S HGHA THER
L3I ETFTAIHENERWIREIMET &

DOE-2 82 —Ffr R &, R 22 R IR T4
2 AEEARME P AR Dk . FEb g —Fh It
N TR 48 (1R 25 A M T i, 6 TR K ARtk
TR RE )R X 1R 25 HEATAME: . N TR 22 I 45 el i A
2 BRRJZ A R AL, R RN A TR
G, MIAB 2 [ A il i A A, B — A FREE
P28 T PR A O PR, SRR R P I 4 1 A R
PEILARE T . AN TR 2 N 2% PN R AT 3 3k Bl LA
JETRRE S Adam' ™ S5 ) 155

1% DOE-2 RV TR 22 A M2 | 5 22X DOE-
2 AEERY A B A IR 22 2 (B S O R b AT22 2T, R
FH T A 25 T 28 %6F DOE-2 5 70 1) 95 0 152 2% 9 47 2
R P E T 57 AR R X DOE-2 #5575 fif 152 22 JE 47 b
2 mE 1 R, BIARSIRIT

1) {3 T AN 0 R 2 18 18 A% 33 5 DOE-2 A5
RIS R THER A5 S BRI FOE

2) MRUESEPREE T T DOE-2 A5 5Y f) Fil i i 22
BREH TIN5 2 3 SN

e=y -y (9)

A e TRy HEPRE; y N DOE-2 H
AU

DOE-2 #5780 () 15 I 5% 22 , R A Adam 5509 )1 2545 2]
DOE-2 #1125 (1) T A5 A

4) P i 2 FOUIAS AR fy i 1 B DOE-2 #5278 ) iy
SRR 22 M B DOE-2 BRI (DL R R AR G
L) TN

Y =y +e (10)

A,y MRS AETIHN ; v & DOE-2 #5757l

ME 5 e & DOE-2 F I35 25 TR .
E%%%ﬁ&%%ﬁﬁﬁ
;( %%Eh@ﬁ
: 7 AR
i( e ’JK;’HﬁF At

{"\HT.DOE 9y ¥l

BRRE

E 1 4kHARGEERERE
Fig.1 The schematic of the hybrid chiller

modeling method
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Fig.2 Box plots of the measured variables
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Fig.3 Performance comparisons between genetic algorithms

with and without a prior knowledge base
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Tab.6 Prediction accuracy of the chilled water outlet temperature of the three types of models
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