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Forecasting Model of the Time Required for Central Air Conditioning to
Achieve Control Effect Based on Divided Working Mode
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Abstract : In order to solve the prediction problem of the time for central air conditioning to achieve the control effect,while
meeting central air conditioning temperature-humidity control process requirements and enterprise energy saving reduction
requirements ,a combined prediction model is proposed in accordance with different working methods of air conditioning
units.In the mode of Heating-Humidifying,the classification prediction model is constructed by Random Forest algorithm,
and the advanced features extracted from depth features are used as the input of the model,which solves the over-fitting
problem of small sample classification prediction.[IPSO optimization parameters are used to reduce the time complexity of
the algorithm. In the working mode of Cooling-Dehumidifying, the algorithm uses KNN to dynamically divide the category
interval and uses density peak to improve SMOTE algorithm, so as to solve the problem of unbalanced sample. Then, the
XGBoost algorithm is used to build the classification model. Considering that the air conditioning delay is turned on to
generate a large loss to the workshop operation,a multi-angle comprehensive evaluation method is adopted to evaluate the
model. Finally, the effectiveness and practicality of the combined model is verified by comparative experiments with a
variety of predictive models. Experimental results show that the mean absolute error of the combined model is 3.2 minutes,
and that the energy consumption of the combined model is 14.71% lower than that of the current model.

Key words :time required for central air conditioning to achieve control effect, combined prediction mode ,random forest,

depth feature extraction,over-fitting problem,sample unbalanced
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Fig.3 Prediction process of the time required for central air conditioning to achieve control effect

32 MEMET/EAX THERGE

XEF IR IR TAE T =0 W3 A AR et/ IMEEAS B, SR HBEAIL AR AR (random forest, RF) B ik 4 HE IR bR
Fsf 6] A3 2 AR Y . ) FHIR B R AIE $2 B ( depth feature extraction, DFE ) J5 728 J5 U5 R AiE 4l 5 2 BN 55 24
TEAE R e RE X /N AR HEA T 43 2 000 Bsf ¢4 398 %) 3k U045 ke . Sy 17 e IR0 P B ) 42 2% B
IPSO X SRESETIE. Ft S A 1 D IREA | 42 FEGR BRI [R) T P HEFI AR AL | DL 2 min 20K
PSR AR R 53 0 B DX TR E S — 28, I T o3 2 45 5 398 B IX. ) 5 KA ARy e 28 Tl 1.
3.2.1 FHikr®E

23 PRIA BRI [R] 32 Z2 PRk R R S FRIE R AR ELAE ] ORI, FEARSE X = (&, ,x,, -, x,, | THYEEA
RERHAAFIER .= | a)ab ) syl | S0 I S 5 28 0 43K BB A 7
FEEE W 6 ARFE AL ) JFL AR 1] 3 U H G A9 31 66 1 4R K0 VR i A, R 36 Rl 2 b 0 S 524
(B AL 22 i 25 PRI BE AR AE 7S SR AR &) 4 TR,

- ‘ ﬂ 1224 output=38
J BZI
input=6 x 6 Conv_1= Conv_2=

4x4x%x3 2x2x3
dense layers=24 x 12 x 8

B4 REFERIURRE

Fig. 4 Depth feature extraction process



B IVE R 2= ( TR AR 5523 &5 11 (2023 4F)

E—EERUEH 3 A K/NK 3x3 [ iEas, SR E R 1, valid padding. DL A, W], 55—k 045
AP = /NS Wy
A11=F(2 ZZI/WL‘L,‘I +DL1)’ (4)

A, F OB IELMEHIC (rectified linear unit,ReL[j) ,Zﬁ%ﬂ?iﬁﬁ/\%ﬁf@% i 4756 j 9N SH L, R i 0
(3B TE VR, Conv_1 WEIEVRIE FH L —Ly 3% Wi L, JRHIEZRUE , AT IR A 3x3=9 M ILEEAY
#:D, #7%: L, R %
5 B RURRERN 3 e/ 33 B S Cony 2 HEIEVRREFH L, -1, 45 L B oAl Cony 2 35
SR,
4 3 3
By =F(Y, X YA Wi+D,). (5)

KRS B FERLAR A 1) 0% 2 32 iR SR IBUT B AL «, = [ AL A, - A ] ORAL 3 5 i 5
AR SRR S B ATLAR AR 3 S TS AR (g A

8 P A AR B L A% R 1 ( DFERF ) W (RIS MR, X m ASREAS B 214, T3 [ BY
RFEEA TR TS m DFEARPRAEER  RAEREAR T 22 50k, DI ko o] 2% A EE T
RS SR IESE S (U d MRE) PREPLESRE— A kA (k<d) FAEMR & TR 6
AR TREMFEBEA 22 5. FA R TN 3% (i FI AT SR S AT o 4 AR

b2 AR e I 2 2 B R G RE - B SRR (IPSO) SRS 80 T A0 k110 LU R o i
VBN HAS AL G AR A B I phest, FIRFRIAAR gbest, NWHHEOR FHEARSEL, FEE RS B 5
M AR R8T e VAR 1Y AR S P E DA WA

pbest;=(piy Py pim) ,1=1,2, N5

. (6)
gbest; = (g ,80, " ,80) ,1=1,2,-+,N.
AR T AN TR A A
vs'”l) =wv} +c,r,( pbest,—x? ) +c,r,( gbest,—x}) , (7)
x[(n+l) :xzzﬂ];nn) , (8)

A w AR s ¢, e, AMBER T 5, Al r, RBEHLERE n b ARUKE 27 F 0] 235005 n s
5 1 R R B S RO E SR
JPRUERT 9 3k Dy ¢ B 4> 25 ], SRR TR TH A

Ktk
B Z R 5 I 9 )R i SO0 RE 7, [R] A stk 5 19

WCSHRE 7, SR HI S PR T 4 328 ol 56 W6 A 3] 73 15 PR A o GRS WAL
A A ( . % i VRIERHIEHEIR
wmax _wmin n 3 1>Mi 4 E y
wein, 0 Lais’) LA
M pax i i N
O HIPSOfE| ot 1 l :
(Chmas ~Crmn )0  pmsag| | IIgREL| [IgReE2] - [IRSET |
Cl:clmax_ kz ) ‘ L’ ‘ﬁﬁ—‘ I
s (10) [P AN PR o URRIT
( —, )n? L RECH TR | 7 1
o =c. . 4 2msx Comin )T TN G [IEE SR ;
2 2min k2 ’ i I m— J:..,.. o
. . . AT BRILT
Kb, w, . I KRBEARE w,, W/ MEPERE  n 4‘@;?}??:1??@ — Ipsﬁco_DFERF
A S AUH AR ARYEL 003055 IR
N ey ey BIFRRAE ;€ i Comin 7T BIH €, 0, MIFR/IMAL TS
3.22 BERME E5 Mg TERR FHRNER
*@@%:‘F‘ IPSO-DFERF ﬁ%é‘ﬂﬁﬂ! , T’ﬁ()”'] /JI?:L %% ﬁl:] Fig.5 Prediction model under heating-humidification
&l 5 frs. working mode



£l AR TR TARETT 2 o s 3 s i 1] 5

33 BEBRET(EAXTHEIHAE

BEXS BRIR BRI AR 7 X AR A B R 244 A 4 22 4R 50000 R i, A 5 T KNN-XGBoost 531
ARSI . Sy it BAE | v R A A B4 4 1) R8T, SR ] KININ EE I 0] 28 1| DX ], LS9 355 2 31 1] AR AR AN
SRR B PR %5 R U (E DRt SMOTE B30 V5 fiff e I 1) 0. K Ay At = 1 5000 A AR A S B 2 i A, 6T
XGBoost 5 e HE43 FS T A5 5.
3.3.1 HiEkrE

5, A KNN Zhas Rl 43200 DX ). 5 IS B REASBOR T B AEA LY 20% , AR —26 A
REA S RAR I ) TP HES , i KNN ghZ5 50 324280 i X)) 1L 0.5 min SRR, 2250 IX ] ¢
ABOR T EFEAEL 20% , MR R —2 s AL 551 WP L 0.5 min 383G S ORI 2 min, B 2
ARSI R —2 . B G 1 .

BiE1 Mo EHNXE

CHAFIELE X, AN RLEFR I E T PRSI ALREE S Y=y, vy, oy, |, B IEARI A B B AECH num = num, |, num, |
“,num, | s RANECH LI E R 05 BREASEL H S NUM.

l:fori=1ton

2. if num),i>0.2 * NUM

3. L++

4. else

5 BHARE Y™ =1y Ly, ooy b B G RAHEAKCN num ™ = fnum s num s -+ num s
6: end if

7 :end for

8:% j=1,R=|r,,r,,ry,r,] =130,60,90,120}

9:for m=j to k

10 24 R KA B KNN 25584 X [A]

11: if ) num =0.2NUM"

J

12. L++
13. end if
14 j=m+l
15:end for

ik PR YR CREE AR 3R LA, A S HRAT RS LR v 1] X ]

T RE GG N0 R B M SR R % R U ( DPCA) X D B RE AR BE AT R 2S48 4%, F 4T
SMOTE HIHERTREAR . SR N

Step 1 R i DPCA XA BHEA AT IS, B m AR 5

Step 2 W ZEEFEAN 3 n 4, 5 m DEBEP O BOHFEA

Step 3 Xf TA&MEA ES HHHEA T D BEAEA X SIrAHEARIER 152 K T4,

Step 4 HHESLUREATR N AL X 19 K I8 BENLLE O TREAS  BE R 284 b5

Step 5 MRIEAZ(11) M HATHREA .

c=a+rand(0,1) * la—bl. (11)

W e hehs B2 $i 5325 (eXtreme Gradient Boosting , XGBoost ) 4%y FAAEU Ay - 38 53 AN W s Iy 22 2% > — A~
TR f () AU BT 5% 22 , AT IHEATRAE 3 284 K — PR 5 DI R 58 R 45 21 & BRARS, T AR A 1Y
FENEAE B BRI 2 X6 by 45 g, A P75 DU 87— G 50 5 K i AR 6T 7 194 53 80K fin A B A S
fE7 L B

Step 1 ZEHEELEE SR TR 55 1P A4 25 5

Step 2 #4 % XGBoost HFRPREL, K softmax #515¢ pREGHEA T

Step 3 KA H bR sREL, 8 b H AR R BRI RIT y — it A7 T 1k 5

— 61 —



B IVE R 2= ( TR AR 5523 &5 11 (2023 4F)

Step 4 FHREAERI G KA 8 T MG R FAGE w, S99 2 B =0 B A5 Rk
=W (1

G,
w,=— , (12)
! Hi+A
Obj'" = L i ) +yT; (13)
2 j=1 H/+)\ ’

Step 5 T fedmfEor 3, B ST AR 1 A ) Jm A B 0ok 1k B 42 Ry B A, ) E A ek 8O LSR5
A ST 5 5 SR 5 B2 22900 Gain, 4 Gain S RBRAE_ AY43 30 A543 32

Step 6 B G ARMESHIAS & y LA Hh y 1 SO A PR T S0 2 Gain fH/)
THAGRS A5 AR By 1k D
332 BEAME

FEHEHE T KNN-XGBoost F¥A Y73 JE MM AL, T L FEA -

Step 1 & KNN shZS R4 X a1 251

Step 2 F| kIt SMOTE X} /EEA K HEA TR I 58

Step 3 KM T8 UEUE R AR AR HE AT 400 45

Step 4 F|JH] XGBoost S #AT FLUC ST IS , >R FH ] A4 51245 th 5 e 20 2845 2R

Step 5 HRHEIF L IR | IO I DX A] 5 K ABLAE Ay e 28 F0000 (%) SR AR I [
34 EBZEFENTIE

B A M THIAS B2 | REAEFIAK 25 A FE 3 J5 AT 255 PP, AE AL TSI NS B2 1Y D10 48 A ide FH X J7 AR 8 22
(root-mean-square error, RMSE ) FIPE-3 4 X} 12 2% ( mean absolute error, MAE) AN

I < n
RMSE =Jn2 (v =57,
i=1

1 < .
MAE =—> Iy, -y,
n =i

APy, NIEBRIBBRIE] 3y, Sy M KARI 6] n S SRR AL

(14)

FEPO AN
E=0.123x(Q,+0Q,), (15)
b E BT RERE ; Q, WL Q, AR B RYFEHL .
23 PRISE SR TF I 23 TE R BF ] A 2B 77 A TC ik B3k T 20 A 7= A TR B 2K S BUCTARAE S5 AN B SE A, S
B —E TR IR, 45 4l 38 4k a8 BUR KR, At R it A=k
Cost=CXT, (16)
K, Cost A =Y RHRFERE BB AR 1015 5 € 28 IR IR TF R 15 00 T B0 B 8z Bk 5 T R 0 4 /)
TSR Y152 25 5 A].

4 Y HER

AR S TR I 10 B2 R S, 25 U8 X B R 4R 1R B P 7 (24+3) °C 1R f il AE
(58+5) % , B MU LB AT 15% (101 85%. il 22 - HAT 4 A RS, ZoR SRR HIAE (25£3)C,
T RE PR HITE (6525) % , 8 WXL A58 X 25% | 181K 75% . 28 PR AER IT i3 4520 s il 0 0 RHB R % 0.1 kg
T, BT s R (i e 100 JTiHAL
4.1 #EEZ
4.1.1 Ao TAEF XA A RGE T

W b P () / NREABIAR A R AL SN B 1k 4 BRI 19 SRR o 3. Bl A B AL AR PRI ik



AL AR ST RIS TAEDy 3 rb gk 23 8 IR e ] Pt

B L B R ERR R BERAEAE 96% LI 1, MAE 4 3.1 min, RMSE 4 6 min. 528550 4 32 25 25015 2

22 PR,
4.1.2 FERIRE IAFF XM AM% T

B2 TAE T T b PR A0 1 S 15 B Ay AL AN DB ] B R B S50, B AR A 2 BB RRE Ik 3

Froi.
R2 MAMETEAXNTRENTIESH
Table 2 Main model parameters under heating-

humidification working mode

®3 BREREIMEAXNTRENIESH
Table 3 Main model parameters under cooling-

dehumidification working mode

[TEE 24 AW EE [ RE 2 A
2 L 9 25 1 12
IRk R 3 e ”
1PSO TR KL 200 .
B ACH T 60 MM 36
SHEME k 2 B AL S 0.05

F B4 73 2853 DX ) 345 5 i ife SMOTE 305 A0 B2 AP () 51, 45 R AN 18T 6 Fioi.

175,180] [176,176.5]
{gg,{ggg [159.5,161.5]
»160) [153,143.5]
150,155) . [128,130]
145,150) B [1115.113]
140,145) -
135,140) [103,105]
130,135) (93,93.5]
125,130) [88.5,90]
11%2 gg; | [78.5,80.5]
1 [73.5,75.5]
}(1)2,”(5)) [68,70]
,110) |— =
100,105) | % (625645]
E [95.100) = (57.59]
K [90.95) || X (53,55]
= [85.90) [49,51]
W [80,85) (42.5,44.5]
75,80) (38.5,40.5]
70,75) 540
65.70) I [34.5,36.5]
60,65) (29,31]
55.60) (25,271
50,55) | I [21,23]
40,45)
3540 | (13,14.5)
30,35) | (11,12]
25.30) | 10
20,25) 1 0 5 10 15 20 25 30
T — HHIREARL

FRIREALL
(a) URZHIREAR L

BRI X ) R AR G —4)
B UESMOTER LA 28 BIREARL CE—4)

(b) Btk B HIREA K3 A

6 ERRHEEBMALIBLER
Fig. 6 Result of handling category imbalance problems
TAT S SRR R TR ZE S R UNER 4 B,
F4 ENZTXWIETHIRERIRE

Table 4 Error of experimental results under 5-Fold cross validation
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machine , SVM) . #N2 U1 37 (naive Bayesian model , NBM ) Tl il #5750 15 4K SC 40 A AR A R 47 X6 HE 256, 16 FH
IPSO-DFERF %1l KNN-XGBoost 5 J& > T B E L A AR (145 8501 5 SVM ASAS 2720 H i isall 1F 52 B
6l FH % 72 VR TA BRI ] SR ASEAY | 380 3 I A AR R 30 it A 3A Ml iy 5 25 (R A AR I ], 90 TE A SRS R SR04 2 1)
— 63 —
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FETF s NBM P 458 A A AR S 2 = 1) JE, X6/ INRE AR 32 1] 150t A AR B () A TS5 SR | e R b o) A 1
FHVABSAEAS SO RS (R AR P X F AR Y [RIRE S AE LT 58 UG UE Y R 45 254 A6 A T T000 14, 5 o 300 000 A5 750 2%
Wz 5 .

x5 HWELR
Table 5 The results of the model
LiRIE RMSE/min MAE/min YThRBERE kece Al 3% 25 #12K /T8
AR SCAR 6.2 3.2 1.97 3.3
IPSO-DFERF 9.6 6.1 0.47 126
KNN-XGBoost 10.8 7.7 2.14 72.3
SVM 13.58 10.0 2.31 100.33
NBM 13.27 8.87 1.24 113.10

AT SVM AR Y | A SRR RMSE 1R (B PR T 54.34% ,MAE 1R 22 {E AR T 68% ; £k 28 412 BT
Je B AR REFERRAR T 14.71% 5 BRIR 25 P AE IR FFJ5 B, A% SCRE R A sl 280 65 408 2 9870 97.03 JT 5 BEIA A SC
EETRY (0 FRORS BE AR T 0 A Y. 55 IPSO-DFERF BLAUA L, A8 SCAL R RMSE 18 25 (H [ IR T 35.42% , MAFE
RZEEFEAR T 47.54% , B ARYTAR REFERE S & , fH A Mk 30 25 1 2K HV R K8 s 5 KNN-XGBoost B BUAH L,
A SCHEARY RMSE 152 22 (HFER T 42.59% ,MAE 1= 22 {H AN T 58.44% , 4 hm BEAFE I FE F1 4 Ml 20 4 0 2k #B B
G 3K A ASERY I T A AR (74 00 S35 SR O e, 136 A 1 SR BRI 40 s A TAE O SR s g k. 5 NBM
FEERIAR L, A SCRER RMSE 1% 22 {H 1K T 53.28% , MAE iR 25 (MR T 63.92% , rhniE REFEMS S8, 4l
RSB 109.8 T6. L5425 ] A1, AR SCHE H ARSI B U 5322 Al 1 S B A 7= T oK

5 45

AR SCL it e vy she 23 9] bR Ik (8] 5000 1m) g s SR OT-IESE. 5T, WA fl 2 8 1 s I 1) 2 A 25 TR AL LA
FHTR A7 DX 5 2 PRI 1 3 30l A T 2 SR IR 8 BRI ). 3o 2 L ZE X P s SR & <
AR AT B 0 T e o A D SR SRR b 2 PR IR AR I [R) R AT P00 64 SR 3@ s o3 i o e o
TAE D7 AN BRI A 7 30 Bl B A TR S R, SR TSR] B SR A A o 2R M ASE Y X T L
TAE T ARt/ INEAE I | R 3L T IPSO-DFERF 5 R A4 AR 5 £ X BRI TAE U
AIREA BAT AN gl AR LA 2 ARR00 R i M T 5T KNN-XGBoost S0 R BN AE AL . 2% J& 3] 25 ] 4iE R
T SRR X B 7= R AN R R T — R R S W0 7 ik TSRS BE ( REFE IS 2 402k 3 4>
PRV AT S ZOfg 415 TSR N T rp S 28 R IR B ek ) B, AR SO TP K 45 % 12 25 3.2 min,
PR 220 6.2 min A LT BUA] SVM BB 2 S TUHTARREREREAR T 14.719% , £l 28t B 6t R0
. il 5 T L Y6 1 AR SOOI (A R AR 1) S5 P i

B Aolb A7 A EA T, v e 2 R R G AR ™ A R R L A A W7 b e K SR HE AT R OE , T
PE— PR TSI BUNRE RE . J5 SR — 2D WFFE rp e s P 2 i T | v ke 2 3 TR AL £ B P 25 [ AL e iod
XAV AT HIL G SO T, s RE PR TR 9%, SE B4k 19 REFAEAE H AY.
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