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Abstract: The method based on the Simplex B—spline function has been proposed to reduce the fitting error
and complexity, which can also improve the real-time characteristics in steady—state modeling of an aero—en-
gine. As the function is comprised of local polynomial basis functions, linear regression and generalized least
squares method can be applied to solve the B coefficients . In this way, the computing efficiency and the accura-
cy of the model are significantly improved. At last, the model verification results with this new method are com-
pared with that of muti—input muti—output recursive reduced least squares support vector regression (MRR—-LSS-
VR) in two—and four—dimensional steady—state modelling of the turbofan engine, respectively. It shows that the
new modeling method has a lower complexity, less data capacity and higher performance of instantaneity. Fur-
thermore, it can overcome the shortcomings of MRR—LSSVR that cannot well be applied for large sample sets.
Moreover, while fitting discrete samples, it will be better than MRR-LSSVR.
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Table 1 Comparion between tensor and simplex splines

Local polynomial General  Scattered Complexity
Type . . .
basis domains data fitting
Tensor Yes No No O(N)
Simplex Yes Yes Yes O(N)
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Fig.1 Cross-section schematic of turbofan engine
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Fig. 2 The delaunay triangulation of the domain
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Table 2 Comparison in training and testing error for MRR-
LSSVR and simplex B-splines

Type Training error

Y Math MRE ARE MRE ARE
PNF MRR-LSSVR  0.0014  0.0004 0.0014 0.0004
Simplex 0.001 0.0001  0.0011 0.0001
PNC MRR-LSSVR  0.0008  0.0001  0.0009 0.0001
Simplex 0.0008  0.0001  0.0008 0.0001
SML MRR-LSSVR  0.0467  0.0089  0.048 0.0086
Simplex 0.007  0.0014 0.0078 0.0015
SMH  MRR-LSSVR 0.0034 0.0011 0.004 0.0011
Simplex 0.0039  0.0004 0.0039 0.0005
F MRR-LSSVR  0.0025  0.0006 0.0025 0.0006
Simplex 0.0025  0.0001 0.0028 0.0001
T, MRR-LSSVR 0.0013  0.0003 0.0013 0.0003
Simplex 0.0007  0.0001  0.0008 0.0001
WA, MRR-LSSVR  0.003  0.0006 0.0024 0.0006
Simplex 0.0021  0.0001 0.0023 0.0001

Compute MRR-LSSVR 0.85s 0.17s
time Simplex 0.115s 0.033s

Testing error

Simplex B-spline
« Test points

: 0
/7 0247075 0.70

Fig. 3 Simplex B-splines fitting surfaces
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Fig. 4 Training time of MRR-LSSVR and simplex B-splines
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Fig. 5 Testing time of MRR-LSSVR and simplex B-splines
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Table 3 Comparison in training and testing error for MRR-
LSSVR and simplex B-splines (2000 data points)

Type Training error

Y Math MRE ARE MRE ARE

Testing error

PNF ~ MRR-LSSVR 0.0364 0.0029 0.0364  0.0025
Simplex 0.0128  0.0011 0.0216  0.0016
PNC ~ MRR-LSSVR 0.0059  0.0005 0.0059  0.0005
Simplex 0.0027  0.0004 0.0101  0.0006

SML ~ MRR-LSSVR 0.0714  0.0143 0.0739  0.0111
Simplex 0.0214  0.0038 0.0376  0.0049
SMH ~ MRR-LSSVR  0.007  0.0015 0.0061  0.0012
Simplex 0.0038  0.0005 0.0079  0.0007

F MRR-LSSVR  0.0078  0.0013 0.0099  0.001
Simplex 0.0034  0.0005 0.0126  0.0007
T, MRR-LSSVR  0.0095  0.001 0.01 0.0009
Simplex 0.0055  0.00009 0.012  0.0011
WA, MRR-LSSVR 0.0122  0.0017 0.0156  0.0014
Simplex 0.0058  0.0009 0.017  0.0012

Compute  MRR-LSSVR 19.9s 2.89s
time Simplex 32.17s 0.32s
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Table 4 Comparison in training and testing error for MRR-
LSSVR and simplex B-splines (5000 data point)

Type Training error
Y Math MRE ARE MRE ARE
PNF  MRR-LSSVR 0.0369  0.0029  0.0381 0.0024
Simplex 0.022 0.0012  0.0246 0.0013
PNC ~ MRR-LSSVR 0.0058  0.0005  0.0059 0.0005
Simplex 0.0034  0.0005  0.0035 0.0005
SML ~ MRR-LSSVR 0.0784  0.0128  0.0884 0.00097
Simplex 0.0162  0.0033  0.0221 0.0043
SMH  MRR-LSSVR 0.0069  0.0012  0.0089  0.001
Simplex 0.0049  0.0006 0.007  0.0006
F MRR-LSSVR  0.0107  0.0012  0.0096  0.0009
Simplex 0.0055  0.0006  0.0059  0.0006
T, MRR-LSSVR  0.0103 0.001 0.0107  0.0008
Simplex 0.0066  0.0009 0.007  0.001
WA,  MRR-LSSVR  0.017 0.0016  0.0156  0.0013
Simplex 0.0083 0.001 0.0093  0.0011
Compute  MRR-LSSVR 91.4s 10.5s
time Simplex 34.86s 0.78s

Testing error

Table 5 Comparison in training and testing error for MRR-
LSSVR and simplex B-splines (10000 data point)

Type Training error

Y Math MRE ARE MRE ARE

Testing error

PNF MRR-LSSVR  0.0363  0.0032 0.0348 0.0023

Simplex 0.014  0.00094 0.017 0.0013

PNC MRR-LSSVR ~ 0.0055  0.0005 0.0058 0.0005
Simplex 0.0033  0.0005 0.0037 0.0005

SML MRR-LSSVR  0.0654  0.0121 0.0684 0.00092
Simplex 0.0131 0.0023  0.019 0.0034

SMH ~ MRR-LSSVR  0.0084  0.0012 0.0082 0.0009
Simplex 0.0057  0.0006 0.0055 0.0006

F MRR-LSSVR  0.0096  0.0012 0.0099 0.0008
Simplex 0.0049  0.0006 0.0051 0.0006

Ty MRR-LSSVR  0.0101 0.0011  0.0102 0.0008
Simplex 0.0065  0.0009 0.0067 0.001

WA, MRR-LSSVR  0.017 0.0016 0.0156 0.0013
Simplex 0.0083 0.001  0.0093 0.0011

Compute MRR-LSSVR 405.1s 21s
time Simplex 35.69s 1.655s
5 & i

At ok R AE R R R TR
4l B FE 45 F1 MRR-LSSVR 5. 3k (19 — 4 1 DU 4 3% B3 &
ShLRR A ALY X 1 R g A 1k R AT RS, T LA
AR 458

(1) Bl BFE 5% oA B (UEE S T 0 28 I 45 25 5 I
A FETE B N TR T A% (B A 400 I 4 45 e i, W] B
ST 5K i AR A% FUE T TR T IR SO ) R

(2)Fp 2l BFE SR L B A SFEA S E0E
X, K5 A4ES0Om B & 45847 5%, il MRR-LSSVR
P B39 B2 2% B 5 R A Bl i A R G DR U B A
AR A 540 1 14 o 8 SR ] R A A B s 1, Pl B A
S AT T PN R Rl /N T 05 3 . B0 EL 25 5 T
BF 26 BH B4l B A 4% 10 B B 400 A kS B 2 5 T MRR-
LSSVR.,

(3) 38 2o 00 35 B 285 SR Rk B v A AS B Bl
HREA BB, B4l B FE 5% L MRR-LSSVR £ 4 17 i
/N HAE G 2 B R L BT A Y S

A SCHE AR B R S, R R A O Y
SR AT JE R R SR . W B B S bR TR
FH B it — 2597 KA 2 IR A1 L, IR AR 48 52 b AL 5
P14 B ] 2 SR A o s o 9 L
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