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Driving Pattern Recognition Algorithm using Neural Network
for Vehicle Driving Control
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Abstract

Vehicle performances such as fuel consumption and catalyst-out emissions are affected by a driving
pattern, which is defined as a driving cycle with the grade in this study. We developed an algorithm to
recognize a current driving pattern by using a neural network. And this algorithm can be used in adapting the
driving control strategy to the recognized driving pattern. First, we classified the general driving patterns into
6 representative driving patterns, which are composed of 3 urban driving patterns, 2 suburban driving patterns
and 1 expressway driving pattern. A total of 24 parameters such as average cycle velocity, positive
acceleration kinetic energy, relative duration spent at stop, average acceleration and average grade are chosen
to characterize the driving patterns. Second, we used a neural network (especially the Hamming network) to
decide which representative driving pattern is closest to the current driving pattern by comparing the inner
products between them. And before calculating inner product, each element of the current and representative
driving patterns is transformed into 1 and —1 array as to 4 levels. In the end, we simulated the driving pattern

recognition algorithm in a temporary pattern composed of 6 representative driving patterns and, verified the
reliable recognition performance.
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Characteristic Parameters of
A Driving Pattern

Cl Average cycle velocity [ km/ hr ]

Average running velocity except stop time :

€2 V>05km/hr [km/hr]

C3 Relative duration spent at stop [ % )

Positive acceleration kinetic energy change per
unit mass per unit distance( PKE Y[ m/s*]:
ca PKE = Zif—;V— “"1—’: >0
V.V, : final and initial velocity in each
acceleration
x : total travel distance B

CS Average acceleration [ m/s*]: a>0.1m/s?

Ci8 Velocity standard deviation [ km / hr ]
C19 Average grade [deg.]

C20 Maximum grade [deg.}

C21 Minimum grade [deg.]

C22 Grade standard deviation [deg.]
C23 Positive grade standard deviation [deg.}
C24 Negative grade standard deviation [deg.]

C6 f Average deceleration[ m/s>]: a<~0.1m/s?

C7 Average positive grade [deg.]

C3 Average negative grade [deg.]

Cc9 Relative duration spent at positive grade [ % ]
C10 Relative duration spent at negative grade [ % ]
Cllt Number of stops per kilometer [num.]
C12 § Average micro-trip time (from start to stop) [sec]
CI3 Relative duration spent at acceleration [ % ]
Cl4 Relative duration spent at deceleration [ % ]
Cis Acceleration standard deviation [ m/s5?)
Cl6 Deceleration standard deviation [ n/s?]
Ct7 Maximum velocity [ km / hr ]

Table 1 Characteristic Parameters of a Driving
Pattern
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Urban 1 Urban 2 Urban 3 Expressway Suburban 1 Suburban 2
[A] [B] [C] [D] {E] [F]
m— oo— e e ———————
Cl 31.4 ) L3 11.4}| L4 31.2| L3 84.8 | LI 548 L1 29.3| L3
C2 39.0| L3 189 L4 37.0| L3 85.2 | LI 61.7 | L1 30.5| L4
C3 19.21 L2 39.5| L1 156 | L2 0.4 14 11.2| L3 3.8| L4
C4 | 0.34 L3‘ 0.61 | L1 0.49 | L2 0.14 | L4 0.11 | L4 0.56 | L1
CS5- 0.61| LI 0.72 | L1 0.58 | L2 0.28 | L4 0.28] L4 0.57] L2
Co6 -069 |14 071 L4} 070} L4 -0.321 L1 ] -0.32] L1 ~0.74 ) L4
C7 1.25] L4 1.98 | L4 5.07 | LI 2.32 | L3 3.04 ] L3 6.41 | L1
C8 -1.34 | LI'] 182} L2 ]| -2.28]| L2 -1.68| L1} -3.14| L3 -6.74 | L4
Cc9 499 | L3 55.0| L3 82.8 | LI 40.5| L4 47.9] L3 56.5 | L2
Cl0. 4491 L2 346 L3 156 | L4 56.4| L1 46.0 | L2 41,1 L2
Cl 1.4 L3 9.5 LI 0.9 L3 00| L4 0.4 L3 0.6} L3
Cl2 652 L3 2011 L3 ] 1080} L3 | 58924 L1 | 1619 L3 202.5| L3
Cl3 323 L3 27.8 | L4 411 | L1 30.2 | L3 26.5| L4 492 L1
Cl4 28.4 | L3 28.1 | L3 33.4 | L1 27.2 | L3 22.3| L4 37.5| L1
C15 0.44 | L2 0.56 | LI 0.45| L1 0.25| L4 0.15| L4 0.34| L3
Cleé 0.50| L2 0.53 | L2 0.55| LI 0.35| L4 0.28| L4 0.60 | L1
C17 91.3| L2 446 | L4 78.2 | L3 12171 L1 97.7 | L1 540 L4
C18 23.7 1 L2 12.9 | L4 22.3| L3 31.4 L1 35.2 | L1 13.4 | L4
Ci9 0.02) L4 0.46 | L3 3.85} LI 0.00 | L4 0.01 | L4 0.84 41 L3
C20 2.00| L4 3.00{ L4} 12.07| L1 6.22 | L3 5.00 | L3 18.00 | LI
C21 -2.00 | LI -3.00| L1 | -8.14 | L3 445 12| -5.00| L2 | -15.45| L4
C22 g 1.38114 195 L4 3.841 L2 2.24 | L3 3.35) L3 7.59 | L1
c23 f o059 La| 093[La] 29271 121 L3] 1.61]L3 3.92| LI
C24 0.54 ] L4 0.80 | L4 1.48 | L3 1.05( L3 1.48 | L3 4.34 | L1
Table 2 6 Representative Driving Patterns
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