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Active Domain Adaptation for Safety Assessment: An Improved Energy-based Model

LIU Chang' HE Xiao' WANG Li-Min®

Abstract Online safety assessment of complex dynamic systems during operation is paramount and challenging. A
large amount of labeled data is necessary to construct an effective data-driven model, which is difficult to obtain in
practice. Furthermore, the safety assessment model should have a good generalization ability given the varying op-
eration modes. Domain adaptation (DA) can transfer the model trained on a source domain with abundant labeled
data to a target domain that has a different but similar data distribution. However, the task-related unknown scen-
arios that have not appeared in the source domain will degrade the model performance, which remains an unsolved
challenge at present. Active domain adaptation provides a potential solution to the aforementioned challenge by
combining domain adaptation with active learning techniques. This paper investigates the problem of active do-
main adaptation for safety assessment, specifically addressing task-related unknown scenarios within the target do-
main. An active domain adaptation method with the improved energy-based model is proposed, and the out-of-dis-
tribution detector is incorporated in the proposed method. On this basis, representative unlabeled samples from the
target domain are actively selected for annotation, which are then used as training data to enhance the perform-
ance of the domain adaptation model. At last, a case based on the bearing data is studied to demonstrate the effect-
iveness and applicability of the proposed method.
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Fig.1  The safety assessment framework of the active domain adaptation with the improved energy-based model
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Table 2 The safety assessment accuracy ACC 1 (STD |) comparison of different methods under
various tasks and different unknown scenarios
fEFfE  AMfER EDA EADA — RAND (§§P€%> ﬁ:xccggz): ?;I?Iozs/tz) Zﬁgi éécs% 21?14107;‘;—2
IR 77.06 (1.73) 80.66 (3.90) 76.55 (2.54) 76.05 (1.32) 77.34 (1.02) 81.67 (1.95) 79.44 (4.04) 77.63 (4.42) 79.00 (4.50)
1hp — 2hp B 83.62 (0.54) 81.96 (2.75) 83.62 (0.25) 83.04 (L54) 81.10 (2.62) 82.47 (3.58) 81.82 (3.94) 81.39 (3.97) 82.76 (0.76)
OR  82.40 (0.54) 82.32 (0.12) 80.30 (0.87) 80.88 (1.27) 81.17 (0.37) 81.67 (1.52) 81.02 (0.87) 79.94 (2.62) 82.11 (0.82)
IR 74.86 (2.20) 72.13 (2.28) 75.36 (1.39) 74.50 (0.12) 74.21 (0.66) 75.36 (3.46) 74.64 (2.99) 77.37 (2.85) 74.14 (3.56)
1hp — shp B 81.75 (4.38) 81.18 (3.48) 77.95 (1.11) 81.68 (1.41) 82.54 (1.35) 82.26 (0.90) 80.46 (1.86) 81.47 (3.26) 82.18 (0.90)
OR  77.16 (1.71) 79.17 (0.82) 79.74 (2.75) 77.08 (3.99) 78.52 (3.14) 77.30 (0.69) 78.74 (1.59) 79.53 (3.17) 78.59 (1.59)
IR 70.92 (1.32) 73.52 (1.19) 72.37 (2.05) 74.75 (1.44) 73.09 (1.02) 73.67 (1.62) 72.58 (1.30) 77.29 (2.06) 74.03 (0.57)
2hp — 1hp B 84.49 (0.70) 83.98 (1.08) 83.62 (1.02) 84.20 (0.57) 84.85 (0.57) 83.91 (0.25) 83.91 (0.45) 84.20 (0.43) 84.49 (0.54)
OR  79.15 (0.90) 79.22 (1.35) 79.65 (1.77) 79.15 (0.98) 79.22 (0.87) 79.43 (1.21) 79.37 (1.64) 78.35 (1.35) 79.29 (0.76)
IR 75.22 (1.08) 73.35 (3.42) 73.99 (0.87) 75.07 (2.09) 76.08 (0.57) 76.29 (0.75) 77.01 (0.90) 75.86 (0.78) 74.93 (0.45)
2hp — 3hp B 83.48 (1.73) 83.91 (1.08) 83.62 (0.22) 83.76 (0.12) 82.90 (1.32) 82.97 (3.02) 84.12 (0.69) 83.05 (1.40) 82.97 (1.20)
OR 8247 (1.65) 80.68 (1.79) 80.24 (2.24) 82.26 (0.66) 81.25 (0.78) 80.53 (1.74) 80.82 (1.71) 82.83 (0.82) 81.32 (1.53)
IR 72.08 (2.13) 73.16 (0.99) 71.43 (0.94) 72.44 (0.62) 75.11 (2.81) 71.57 (0.66) 72.08 (2.34) 72.73 (0.43) 73.38 (0.99)
3hp — 1hp B 83.04 (0.33) 84.63 (0.78) 83.98 (1.32) 84.13 (0.45) 84.56 (0.54) 85.93 (0.37) 85.35 (1.32) 84.34 (0.45) 84.70 (1.75)
OR 7229 (2.38) 71.00 (1.35) 69.77 (0.87) 73.02 (2.25) 71.28 (1.84) 70.09 (2.76) 74.96 (1.84) 74.24 (1.52) 70.63 (1.44)
IR 76.70 (1.89) 76.26 (0.76) 77.34 (1.68) 76.84 (0.94) 76.41 (1.42) 78.14 (1.52) 76.41 (1.85) 75.61 (2.14) 77.20 (1.27)
3hp — 2hp B 83.12 (1.52) 82.47 (1.72) 83.91 (1.54) 82.83 (0.25) 85.35 (1.19) 84.92 (1.74) 83.91 (1.52) 83.12 (1.21) 81.53 (0.82)
OR  77.13 (4.25) 78.43 (3.50) 78.86 (0.45) 77.78 (1.09) 75.61 (2.67) 80.01 (2.53) 80.52 (1.69) 81.24 (0.66) 81.60 (0.43)

R 3 AFETHREEAFRME R T 02T IR ACC 1+ L

Table 3  The safety average assessment accuracy ACC 1 comparison of different methods under

different unknown scenarios

FHitEE EDA EADA RAND A3 Jji% (COPOD) A5 (ECOD) A3 Ui (IForest) A3 J7% (KDE) A5 (OCSVM) A3 J7#: (LOF)

IR 74.47 T74.85 7451 74.94 75.37 76.12 75.36 75.25 75.45

B 83.25 83.02 82.78 83.27 83.55 83.74 83.26 82.93 83.11

OR 78.43 78.47 78.10 78.36 77.84 78.67 79.24 79.36 78.93
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Fig.5 Comparison of overall average accuracy results for
safety assessment across different methods
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