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The present study concerns reduced order modeling of a marine diesel engine, which can be used for outlier detection in status
monitoring and carbon intensity index calculation, Principal Component Analysis (PCA) is introduced for the reduced order
modeling, focusing on the feasibility of detecting and treating nonlinear variables, By cross—correlation, it is found that there are
seven non-linear data channels among 23 data channels, i.e,, fuel mode, exhaust gas temperature after the turbocharger, and
cylinder coolant temperatures, The dataset is handled so that the mean is located at the nominal continuous rating, Polynomial
presentation of the dataset is also applied to reflect the linearity between the engine speed and other channels, The first
principal mode shows strong effects of linearity of the most data channels to show the linearity of the system, The non-linear
variables are effectively explained by other modes, second mode concerns the temperature of the cylinder cooling water, which
shows small correlation with other variables, The third and fourth modes correlates the fuel mode and turbocharger exhaust gas
temperature, which have interior linearity to other channels, PCA is proven to be applicable to data given in binary type of fuel
mode selection, as well as numerical type data,
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Table 1 List of sensor channels of the marine engine
. Mean
. L . Dynamic | Standard
No. Group Channel name Unit | Minimum |Maximum range | deviation varl\luceRat
1 ) Speed rom -53.5 80.1 133.5 13.7 79.6
——— Engine load
2 Power %MCR| 0.0 77.8 77.8 17.7 75.0
3 Fuel mode LSMGO - 0.0 1.0 1.0 0.441 0.3
4 Temperature (Cyl. 1) C 453 394.0 348.7 58.0 360.6
5 Temperature (Cyl. 2) C 46.4 390.4 344.0 57.6 374.2
6 | Exhaust gas Temperature (Cyl. 3) C 45.7 376.0 330.4 54.8 366.5
7 temperature Temperature (Cyl. 4) C 45.9 372.0 326.1 54.0 362.8
8 Temperature (Cyl. 5) C 46.5 377.7 331.2 53.8 362.5
9 Temperature (Cyl. 6) C 46.3 385.6 339.3 55.4 366.5
10 Speed rom 0.0 12428.1| 124281 2575 12223.6
11 | Turbocharger | Exhuast gas temp. before turbocharger C 23.6 406.3 382.7 59.9 393.9
12 Exhaust gas temp. after turbocharger C 22.0 251.6 229.6 25.8 219.2
13 Water outlet temperature (No.1) C 70.4 92.9 22.6 2.60 87.5
14 Cylinder Water outlet temperature (No.2) C 70.7 941 23.4 2.49 88.0
15 | cooling water Water outlet temperature (No.3) C 70.5 93.8 23.3 2.51 87.7
16 | temperature Water outlet temperature (No.4) C 70.5 94.3 23.8 2.51 87.6
17 Water outlet temperature (No.5) C 70.4 93.8 23.3 2.49 87.6
18 Water outlet temperature (Cyl. 1) C 43.4 56.6 13.2 1.80 54.9
19 . . Water outlet temperature (Cyl. 2) C 43.9 56.9 13.0 1.77 551
oo |Piston foo“”g Water outlet temperature (Cyl. 3) | C | 43.4 | 565 | 13.1 1.79 54.6
— water -
21 temperature Water outlet temperature (Cyl. 4) C 43.9 56.9 13.0 1.75 55.1
22 Water outlet temperature (Cyl. 5) C 43.8 57.3 13.5 1.85 55.3
23 Water outlet temperature (Cyl. 6) C 43.6 56.8 13.2 1.75 54.6
(a) )
30% 16%
25% 14%
12%
20% 10%
15% 8%
10% 6%
4%
0% 0%
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Lol B o B o B e T e T - S LT T = T T i - ] — [ I o B T L T S L T " T U T Ve T o e A <2
Engine revolution rate (rpm) Engine power (%)

Fig. 3 Histogram of engine operation: (a) revolution
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Ch. |Engine load

1 Fuel 1.0 @ 09 05 03 01
pd 0.99 mode

3| 047 049 Exhaust gas temperature

! 0.9 0.96 Lk

1 098 098 JERY 0.98

5 0.9 0.97 BikrN 096 0.99

f| 098 093 JUEZEN 097 099 0.99

] 098 098 MUELN 098 099 099 099
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il 098 093 QOECE 098 099 099 099 099 099 0.98

12| 063 059 019 069 064 066 067 062] 059 Cylinder cooling water temp.

13| 037 038|014 039 034 036 035 036 037]039 036 013

14| 043 043 0211 043 041 043 042 042 044 044 042 018 Rkt

15| 043 044 0.25] 042 041 044 043 042 045)] 044 042 014 [RuEEEEE:L

16| 0.39 040 0171 039 037 039 039 038 041] 041 038 014 [kt 0.99

171 043 044|023 043 041 044 042 043 045|045 042 015 Rk Piston cooling water temperature

hE 0.9 IRTE 0.50 JEoERR AR R R Rl 0.67 | 0.38 044 044 040 044

hE] 0.9 096 BukER 096 098 098 098 098 098 09 IR 068 | 035 042 043 038 042 ikl

el 0.9 096 BukER 096 098 099 098 098 099 0.9 IRER 065 | 036 043 044 040 044 ik

k] 0.9 097 BukrER 096 098 099 099 098 099 0.9 IRER 064 | 036 043 044 040 044 ik

el 0.9 096 BuLER 096 098 099 098 098 098 09 (RN 066 | 035 042 043 039 043 Rkl
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Ch. L 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 7 18 19 20 21 22 23

Fig. 7 Covariance matrix of main engine data
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Table 2 Mean of Pierson correlation coefficient of Groups 3
to 6 with variation of order of nand P

Group 3 Group 4 Group 5 Group 6

n 0.978 0.870 0.409 0.968
n? 0.976 0.836 0.420 0.968
nd 0.958 0.799 0.426 0.953
P3| 0975 0.853 0.418 0.965
P23 0.969 0.821 0.429 0.963
P 0.950 0.784 0.434 0.948
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Fig. 10 Comparison of original and reconstructed data: fuel mode LSMGO (Ch. 3), Exhaust gas temperature after
turbocharger (Ch. 12), and Water outlet temperature No. 1 (Ch. 13)
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Table 3 Validation of PCA: comparison of original and
reconstructed data

No. Group Unit | Slope | R? o
1 , om | 1.00 | 0.98 | 1.36
— Engine load
2 %MCR | 1.00 | 0.98 | 1.78
3 Fuel mode - 1.00 | 1.00 | 0.0021
4 ‘C | 1.01 | 097 | 6.90
5 | 'C | 1.00 | 098 | 6.19
6 | Exhaust gas | C | 0.99 | 0.97 | 6.85
7 | temperature C 0.99 | 0.98 | 6.04
8 | ‘C | 0.99 | 0.98 | 5.19
9 | ‘C | 0.99 | 0.97 | 6.62
10 mom | 1.01 | 099 | 162
11 | Turbocharger | C | 1.00 | 0.99 | 3.30
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22 'C | 1.00 | 0.99 | 0.100
23 | ‘C | 1.00 | 0.99 | 0.108
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