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Application of random forest algorithm in
temperature distribution reconstruction

Chen Minxin' Liu Shi® Sun Shanxun® Liu Zhaoyu'

(1. School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China;
2. School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: In order to improve reconstruction accuracy to resolve temperature distribution reconstruction problems, a method for optimal
sensor placement based on random forest algorithm is proposed. Denoting different measurement sites as different sample features, a
series of different sensor placements and the reconstruction errors which are calculated by these placements constitute a sample dataset.
A random forest model is setting up by the sample dataset, feature importance is also evaluated, then the optimal sensor placement is
determined by feature importance. Simulation test and combustion test are set up to verify the feasibility and practicability of the proposed
method. Testing data shows that comparing the original method, the proposed method can improve the reconstruction accuracy by at least
20%. Research results indicate that the proposed method has a good practical value, it also provides a new probe of using random forest
algorithm to solve industrial problems.

Keywords : random forest; temperature field reconstruction; feature importance; optimal sensor placement

SR PR B 222 L b R GE3E A5 IR A s i),
o LASRA B A 00 3 B A £ B B3 5 Tk g
XSS AR B2 A BEATOR A, (E B T3 O ik A

0 35

[l

TERT T RGeS Tlb ke 28 v I RE A S i
PR B SCHES R, AL T IAREAL S AL AT AR PR
HER BRI R B W TR T s TR sE 1k |
LVE L La TR R TR I 5L,

A BE A BRI SR B I 3 AR (e v
Sk ABAE TV R b, PR OT IR A 25 AR BRAE

Wk H 8. 2020-04-25

Received Date: 2020-04-25

# FERIH ;PR AR 45 9% T¥E 42 (2019QN013) ¥ B35

PRt G AR ME T3 B 5 ) U A 55 ) Rt
JEiE R AT Tl Se

FIH AL A% 5 2 b 19 3 843 53 7 533 (principal
component analysis, PCA) iﬁﬁ?{ﬁﬁﬁ%ﬁ%*ﬁ&ﬁ@nm s
AT T RAFHN ISR W RCR 1 SEAE R A 5T A
BET ST 53 B0 U S A1 R S TN e R R



- 174 - LSRR R e o

SRS R AR E T 0 000 i 40 B8 S I AR A B

ST I3 (V38 3 23 A B Bk RE S
A ) e SR S AR AR E A 5 R 5L el T
RN AR I A BT SO B R R R, N
fifp R X — ), Willcon 2K 5K Hitise/INR AR S H A R
B, P SOOI AR A s A B IR X — kT
ik BT T A R R SO Bk AR AR
PR ame LA , ey 2 — 20 30 3k DA A0 i A 5 SRR
HHRZEECN TRHIBTFE T 14

BEHLARAR R — R a2 ) Bkl A AN TR Y
BRI | B — BRI R REA RS SR A 727 2 R 26 A
BRSPS R A S A AR HbR, TR
A LB R AR AR BELARART 1k )z L]
FEAG

25 P B T RE LR AR B I R A A A Ak
INESCH B 6 J5E e R 00 A TR, 422 4 0 2 5
JEOM A NG R I OC AR, AR T LRSI 9 70 2
I (S FAEAS RS B X S FR SR AT I 25, 3 A il
A OB L FEE A ER R B v B B S S A
AiE, SIS L, T R 0 I AT A
S ISR L S T SR AR DL 4 1 BRI 4R T T B A
SRR BHERRE

1 BRESHERER

1.1 ERSoHEE

(R IR 2= e SN U R+ = N 0 5 0 RS
Bz 0 TR R R RN R A, R o A
e M 1 AR R P SR U D B 2 M i ST B 25 B A R AE TR
A7 T 4 2 ()R A R

FIFH 3 103 53 BT A3 R B30 o A4 1 512 o st 2 o S A
o A RS A A AR A 50, I s R Ak ) O 7 DA i
FRAPE . DA ) 1 B A3 BTl 2 4 e e B0 1050 248
FE B TR, IR UE G 5 B SO K

KRR BRI T, {1, 1, 1,0, 1, |, FRYE
JERAER AR L X, {2y, xy, e ,x, 1 (D < n), et
HEEELLW  fw,, w,, wy, -, w, | R, BEAETR SRR
A

X=wT (D)

BLRUERY I 180 U J ok, 5 SR I X 25
KME, BT ZEMKANH W T mPE, 5 WK/
TJooe, oAb, R TR WO B ) e TS A (), WO A1)
WML, WE AR A WIW=T, E450 1 HAR R
R

934 4
argmaxtr( W' SW)

{s. LWW=1I (2)
K. S8 T BIM 7 2561,

A B H SRk T A5

JW)=W'SW - A(W'W-1) (3)

XF W R

SW =AW (4)

HRPAE AR FIRRAE [ 2 04 3 SCAT R, A R W 43531 i D
LR AEE B 2505 0 S B RRAE (B FIARRAE () B ARG 1, K
N T BRI HES T | ASREAE AR 1 A 47 A0F 1] 244 B W,
AT (1) WG PR LR EE I n ZERE 2 1 4 B SE BT = 2 5L
L] 2 Ay
1.2 BRESHEEHEE

R AE I I IR 2 B 5210 B, 16y, by, byy ey by,
ey by, b (<n) , RO HEN:

(bl’[,2’1,3’...’[,“...’;,/"):Wf(tl’tz’lw...’t“...’tm)

(5)
SRR WW =T, AT REIREE AT LLRIR R
1, = Wb, (6)

R HEERE S, WA LUE 5 I
T 25 e nl o D7 B B A 2 S B AR R B A . 4
FEm i b, i B B AT RS R oA B A
W VR 43 A E At I R Ak R R B B b, SR AR
[F] T,

30 3 0 A D e il R RO | X — i B R R A
e

ty =Mi (7
e, AU B DU A 5 ¢ R R IR B A0 A s MR
FERE  RAE TR S A B85 B, HE H R b i
{8 ¢, ROOTRERYIEE ¢, B 1, =1, 255 30(6) FI(7) AT 45,

1, = MWb, (8)

F(8) G AT T IR B i s 5 A SN R B ) 2 (]
B2, X2l (8) M FH e/ R oK A, BB 5 T 15

(MW)"MWb, = (MW)"1, (9)

RINRE & b, SRARSS IR 43 Aii B 45 1 B n i
AR (6)iEAE,

NTRMEEEPCR & X EHIEREWNT .,

o= w X 100% (10)

L3 MERRUemERE

I (9) PR WU A AR M4 52 W) U 32 A o 2
SRR AL A 5 A T 3O 4 T 23 A1 FE R A
GO L,

BB BE, B I R A Bk /N R R
MEAET7 F8 4H A BE or A, fRe /M (9) H AR B B



5113

WAL AR AR A 1L 2 A Tk e A I - 175 -

(MW) "MW B 2RO T R 800 B b, SR RS E P L
L HERGPERRA 36 5 A T, S /N AR PR RGE AR IME R B
FEFE(MW) "MW (28O B BT 900581388 3
ML Fe AR A M A B U A A A A 5

N T AR T Ak A R T, AR SCHR
T T REFLARARAY I DA AT B0, B 20 A B £
JE PR A B 7 30 RIS 2 A Y 5C & kT S B
M AAR B

SE R TR EER R L, R R AL
AN [ A R ) T R 2 A S )

le -,
r=

x 100% (11)

e WIEA LT AR o, MIRMTA T AR,
2 RELEZRMEE

BT AR A — Pl 37 AR SRR L 9 4 Bl 2] B0
T3z N T4 28 El A [R]
2.1 REHR

VBN Z BN HIL AR 2 2T S0 SRR R AR I 25 449 3
T XA A T AT R A, TR B B T IR )2
UK , DA B 85 s 201 7 b 3

DRSPS FR AR T A LT 5 DA R 7 0 =34y
AL, YR E AT A 1D3,C4.5,C5.0,CART
85 DURIARAE e 0TS X E5HE R 1 T 432, 1 AR
I ISR A R R R R R R RS A —
FFEE, B9 55, R ES R & 1 Fs

WA

BT B

Fig. 1  Structure of decision tree
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Fig.3 Calculation process of optimal sensor placement

algorithm based on random forest
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Fig.4 Schematic diagram of combustion simulation model
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Table 1 Sample conditions

AR I/ R/ (mesT)

(m-s™") a=0.75 a=1.25 a=1.40
0.41 1.57 2.62 2.94
0.52 1.97 3.28 3.67
0.62 2.36 3.93 4.40
0.72 2.75 4.59 5. 14
0.83 3.15 5.24 5.87
0.92 3.54 5.90 6.60
1.03 3.93 6.55 7.34
1.13 3.33 7.21 8.07
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Fig.5 Schematic diagram of combustion test bench
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Fig. 6 The basic structure of combustion test equipment
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Table 2 Parameters of thermocouples

A P ESE 48
HT-116 K % #MZ 12 mm, 84 700 mm, =F2 0 C ~1 250 C
HT-129 S &, AMZ 12 mm, K 700 mm, 72 0 °C ~1 500 °C

WRR-130 B %I, #M% 12 mm, &4 1 000 mm, #F2 0 °C ~1 800 °C
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Fig.7  Sensor locations
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Table 4 Test conditions.

T 9% PRENR R/ (m-s™") 2R/ (mes™h)
1 0.58 2.20
2 0.58 3.67
3 0.58 4.11
4 1.23 4.72
5 1.23 7. 86
6 1.23 8. 81
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Fig. 8 Sensor placements calculated by different methods
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Fig. 9  Reconstruction errors in different sensor placements
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Table 5 Coordinates of sensor locations

A= W A5 AR AR/ m
X 0.40,0.15),(0.70,0.15),(0.20,0.45
S ( )+ )+ )
(0.35,0.61),(0.05,0.61),(0.45,0. 15)
0.15,0.15 0.45,0.30 0.75,0.45
B o ( , ), ( , ) ( , )
(0.55,0.45),(0.50,0.45),(0.45,0. 15)
0.30,0.15),(0.15,0.15),(0.10,0. 15
WA E 1 ( ), ( ), ( )
(0.20,0.45),(0.35,0.61),(0.50,0.75)
0.55,0.30),(0.45,0.30), (0. 15,0. 30
BB T 2 ( )+ )+ )
(0.45,0.45),(0.35,0.61),(0.25,0.61)
0.25,0.15),(0.45,0.30),(0.60,0. 45
FfHLAR B 3 ( ) ) ( )
(0.25,0.45),(0.10,0.45),(0.60,0.75)
0.15,0.15),(0.70,0.15),(0.55,0.45
WML 5 4 ( ), ( ), ( )
(0.45,0.45),(0.75,0.61),(0.60,0. 15)
0.80,0.30 0.85,0.45 0.70,0.15
BEHLAE S 5 ( , ), ( ) ), ( ) )
(0.05,0.45),(0.85,0.75),(0.70,0.75)
0.85,0.15),(0.35,0.45),(0.70,0.61
BEHLATE 6 ( ), ( ), ( )

(0.15,0.61),(0.40,0.75) , (0. 10,0.75)
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Table 6 Test conditions

A8 5= AR/ %
SRR 1.94
R A RER 1.45
RHAILAR & 1 3.44
LA B 2 14.15
Rl AL & 3 8.91
REALTT & 4 2.76
RHAILAR S 4.70
REALAT 6 2.63
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