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Regenerative braking strategies considering driving
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Abstract: The design of regenerative braking strategies requires a comprehensive consideration of multiple factors, among which vehicle
driving conditions, driver characteristics and the road surface on which the vehicle is traveling have a significant impact on the
regenerative braking process. In order to formulate regenerative braking strategies for electric vehicles that are adaptable to various
driving conditions, improve the vehicle braking energy recovery rate and maintain braking stability, a regenerative braking strategy that
comprehensively considers the influences of driving cycles, drivers and road information is proposed. Firstly, a simulation driving
platform is set up to conduct driver-in-the-loop experiments and collect driving data from different drivers, thereby extracting feature
parameters of driving conditions and driving styles. Then, a support vector machine (SVM) is used to train the models for identifying
driving conditions and driving styles. Secondly, a road image dataset is established and a semantic segmentation network is used for road
image preprocessing to remove the complex background information of the image and thereby improve the recognition efficiency. Then, a
lightweight conuolutional neural network , MobileNet V3, is adopted to train the road recognition model. Finally, the regenerative braking
strategy base on this is formulated. The front and rear braking force distribution is optimized considering the road adhesion conditions,
and a regenerative braking force correction method that takes driving cycles, driver and road information as weight factors is put forward.
The simulation results show that the proposed regenerative braking strategy can take into account different driving cycles, drivers and
road conditions, and further improve the vehicle energy recovery rate and braking stability.
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Fig. 1 Simulation driving experiment platform
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Table 1 Processing results of characteristic
parameters of driving cycles

B FHIESHL EREC| 5384 41
1 I HEH v, 2.051 1.852
2 BRI v, 2.598 2.625
3 TP UERE vy -0.153 0. 469
4 SEEIIEEE a,, -0. 446 -0. 489
5 B RIMHEEE a,,,, -0. 429 -0.414
6 SRR d,, -0. 460 -0.519
7 e KWL d,,, -0. 481 -0. 566
8 ISR EEARMEZ @,y -0. 448 -0. 483
9 W AR EZE -0. 446 -0. 487
10 JmEE A e, -0. 440 -0. 488
11 WAL ) Ee A -0. 444 -0. 495
12 R L D, -0. 452 -0.503
13 E BT LB c, -0. 450 -0. 0502
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Table 2 Processing results of characteristic

parameters of driving styles

el LERE 2 B4 5384 4
1 R v, 3.7567 - 3.265
2 TR v, 1. 125 1.411
3 I B a,,, -0.495 -0. 598
4 I ERREZE a,, -0.058 -0.220
5 I LI d,,, -0.280 -0.408
6 R AR E d,,, -0. 360 -0. 486
7 WA TR Py, 0,258 -0.379
8 IR AREZE Py —0. 287 -0. 421
9 MR EIRER Py —0.293 -0. 430
10 BRI TSR AL 2R3 MH Py, 0. 394 -0. 484
11 BT TSR AL M Py, 0. 284 -0.418
12 TS TR ME Py, -0.224 -0.390
13 TS TR ERE Pp,y -0, 394 -0. 484
14 HISIEHUE L RIREZE Py —0.294 -0.431
15 BRHISI AR S ME Py, 0. 266 -0.410
16 ARSI EIME Py, —0. 360 -0. 509
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Fig.2  Confusion matrix for driving cycle identification test
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Fig.3  Confusion matrix for driving style identification test
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Fig. 4 Pavement image dataset
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Fig.5 U-Net network structure
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Fig. 6  Semantic segmentation network loss function curve
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Fig.9 Loss function curve of pavement classification network
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Fig. 10  Pavement classification network test results
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Table 3 Vehicle parameters
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Table 4 Tire model parameters for

different road conditions
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Fig. 11  Curve of braking force distribution

coefficient considering pavement conditions
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Table 7 Adhesion coefficient table for

different pavement types
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Table 8 Driving style correction factor

P ﬁﬁr:;ttfﬁ}ﬂz Ptk Iy ik 2 ﬁ%ﬂﬁ{ﬂm‘
B E/m BEES/m 4556/ m
FWidFH(z=0.5) 49.93 49.16 0.77
BT (z = 0.4) 61.86 60. 96 0.90
VKERTHI (2 = 0.15) 152.21 151.03 1.18
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