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Construction of Knock Detection Logic by Pattern Recognition Using Short-time Fourier Transform
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The project discussed in this paper focused on
the frequency attenuation characteristic of knock and
mechanical noise in order to develop a more accurate
method of distinguishing between the two phenomena.
Short-time Fourier transform (STFT), which makes
it possible to identify changes in frequency over
time, was studied as a method of analyzing this
characteristic. The duration of knocking is 80-90 deg
in terms of crank angle. The frequencies of the
multiple vibration modes that knock generates decline
as time elapses, with attenuation greater in the high-
frequency vibration modes, until finally only the 1, 0"
mode remains. Mechanical noise occurs over a wide
frequency band, and its attenuation is rapid. Based on
these results, the concept of time was introduced in
order to help enable the attenuation of the frequencies
to be identified, and a knock detection logic that
judges knock on the basis of pattern recognition was
developed. This logic is able to distinguish knock
and mechanical noise with a high degree of accuracy
even when the timing and frequency of the two
phenomena match. As a result, it has been possible
to increase robustness in relation to mechanical
noise in comparison to conventional knock detection
systems that judge knock based on the intensity of the
frequency at which it occurs, helping to ensure stable
functioning of the system even when mechanical noise
occurs. This has made it possible to set the threshold
value for judgment of knock lower than is the case in
conventional systems, contributing to the reduction of
knock noise.
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Fig. 1 Comparison of FFT processing results for
knock and mechanical noise
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Table 1 Comparison of knock vibration duration for

three different types of engine

Engine Displacement (cm?®)| 1,339 1,799 2,354
specifications |Bore x Stroke (mm)| 73 x 80 |81 x 87.3| 87 x 99

Engine speed| Intake manifold

(rom) pressure (kPa (G)) Knock vibration duration (deg)

0 (WOT") 95 82 90
1000 20 90 85 92
0 (WOT) 92 80 84
2000 20 90 85 90
0 (WOT) 89 90 91
3000 20 89 83 89

* Wide-Open Throttle
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Fig. 2 Non-resonance knock sensor output when
knock occurs
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Fig. 3 STFT results when knock occurs
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Fig. 4 In-cylinder vibration modes
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fun : Frequency

Bun : Vibration mode coefficient
C : Speed of sound

D : Bore

Thb.

25 Dotted lines: lines calculated

using Eq. (1)
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Fig. 5 Comparison of STFT results and curves
calculated using Draper’s equation

Table 2  Vibration mode frequencies immediately after
knock occurs

Calculation condition: C=1000 m/sec D=87 mm
1,0 mode | 2,0 mode | 0,1 mode | 3,0 mode | 1,1 mode

Frequency

(kHz) 6.8 11.3 14.2 15.6 19.8
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Fig. 6 Non-resonance knock sensor output when
valve-seating noise occurs
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Fig. 7 STFT processing results for valve-seating
noise
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Fig. 8 Knock and mechanical noise intensity patterns
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Fig. 9 Knock detection logic processing flow
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Fig. 11 Knock judgment threshold value
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Fig. 12  Start timing of master map
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Fig. 13 Knock retard for conformance rate
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Table 3 Engine specifications

Cylinder configuration In-line 4-cylinder

Bore x Stroke (mm) 87 x 99
Displacement (cm?) 2354

Compression ratio 10.5

Valve train DOHC (inlet: valve timing control)

Number of valves 4 valves / cylinder

Fuel injection system Port injection

Table 4 Operating conditions

Engine speed (rpm) | Intake manifold pressure (kPa (G) )
1000 -20
1000 0 (WOT)
3000 -20
3000 0 (WOQOT)
6000 -20
6000 0 (WOT)
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Fig. 14 STFT calculation results
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Fig. 15 Knock energy calculation results
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Fig. 16  Pattern map calculation results when knock
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Fig. 17 Measuring system configuration
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Table 5 Comparison of knock detection logic
detection count for varying conditions

Intake Number of times of knock
Engine speed manifold detection in 50 cycles
e (i[fas s(gr)e) STFT logic prlgsgﬁlrlg ?c?g;ic
1000 -20 6 6
1000 WOT 8 8
3000 -20 8 8
3000 WOT 7 7
6000 -20 11 11
6000 WOT 8 8
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Fig. 18 Comparison of in-cylinder pressure sensor
knock output and conformance rate
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