Supplementary Material: 
Feature Engineering and Expansion
For each 3-hit window, we began with 30 base acoustic features (energy, amplitude, zero-crossing rate, spectral descriptors, 7 bands of spectral contrast, and 13 mel-frequency cepstral coefficients [MFCCs]). To capture both the absolute properties of each strike and the temporal evolution across consecutive strikes, we systematically expanded these base features into 19 derived representations:

1, 2, and 3: t1, t2, t3 – raw feature values for the 1st, 2nd, and 3rd strikes
4, and 5: d21, d32 – differences between consecutive strikes (2nd–1st, 3rd–2nd)
6: mean3 – mean across the three strikes
7: std3 – standard deviation across the three strikes
8: median3 – median across the three strikes
9: range3 – range (max–min) across the three strikes
10, and 11: r21, r32 – ratios between consecutive strikes (2nd/1st, 3rd/2nd)
12, and 13:  pct21, pct32 – percent change between consecutive strikes
14, 15, and 16:  log_t1, log_t2, log_t3 – log-transformed raw values (stability for skewed distributions)
17, and 18: logd21, logd32 – log-transformed differences between consecutive strikes
19: slope3 – linear slope fitted across the three strike values

This systematic expansion produced a total of 570 features per window (30 base × 19 transforms). While many of these derived values are correlated, they provide complementary perspectives:
absolute values capture the instantaneous acoustic property of each strike, differences, ratios, and percent changes highlight dynamic changes between strikes, log transforms reduce skewness and emphasize relative magnitude changes, and slope3 quantifies the overall trajectory across the three strikes.
	Supplementary Table 1. Naming conventions of acoustic features per 3-hit window.

	Suffix
	Meaning
	Example
	Description

	__t1
	Value at the 1st strike
	MFCC_2__t1
	Feature value at the first strike of the 3-hit window

	__t2
	Value at the 2nd strike
	Spectral Centroid__t2
	Feature value at the second strike

	__t3
	Value at the 3rd strike
	Contrast_7 (dB)__t3
	Feature value at the third strike

	__d21
	Difference: 2nd − 1st strike
	MFCC_3__d21
	Captures change from 1st to 2nd strike

	__d32
	Difference: 3rd − 2nd strike
	Mean Zero Crossing Rate__d32
	Captures change from 2nd to 3rd strike

	__mean3
	Mean across 3 strikes
	Spectral Flatness__mean3
	Overall tendency or stability

	__std3
	Standard deviation across 3 strikes
	MFCC_4__std3
	Variability across 3 strikes

	__median3
	Median across 3 strikes
	MFCC_5__median3
	Robust central tendency

	__range3
	Range (max − min) across 3 strikes
	MFCC_6__range3
	Spread of values

	__r21
	Ratio (2nd / 1st)
	MFCC_7__r21
	Relative change between 1st and 2nd

	__r32
	Ratio (3rd / 2nd)
	MFCC_8__r32
	Relative change between 2nd and 3rd

	__pct21
	Percent change wrt 1st
	MFCC_9__pct21
	(2nd − 1st)/|1st|

	__pct32
	Percent change wrt 2nd
	MFCC_10__pct32
	(3rd − 2nd)/|2nd|

	__log_t1
	Log-transformed value at 1st strike
	MFCC_11__log_t1
	Signed log to stabilize scale

	__log_t2
	Log-transformed value at 2nd strike
	MFCC_12__log_t2
	Signed log to stabilize scale

	__log_t3
	Log-transformed value at 3rd strike
	MFCC_13__log_t3
	Signed log to stabilize scale

	__logd21
	Log-transformed difference (2nd − 1st)
	MFCC_1__logd21
	Captures relative local change

	__logd32
	Log-transformed difference (3rd − 2nd)
	Spectral Centroid__logd32
	Captures relative later change

	__slope3
	Linear slope across 3 strikes
	MFCC_2__slope3
	Trend across 3 strikes




	Supplementary Table 2. 570 features per window. 

	Number
	Base Feature
	Variant
	Final Feature Name

	1
	Contrast_1 (dB)
	d21
	Contrast_1 (dB)__d21

	2
	Contrast_1 (dB)
	d32
	Contrast_1 (dB)__d32

	3
	Contrast_1 (dB)
	log_t1
	Contrast_1 (dB)__log_t1

	4
	Contrast_1 (dB)
	log_t2
	Contrast_1 (dB)__log_t2

	5
	Contrast_1 (dB)
	log_t3
	Contrast_1 (dB)__log_t3

	6
	Contrast_1 (dB)
	logd21
	Contrast_1 (dB)__logd21

	7
	Contrast_1 (dB)
	logd32
	Contrast_1 (dB)__logd32

	8
	Contrast_1 (dB)
	mean3
	Contrast_1 (dB)__mean3

	9
	Contrast_1 (dB)
	median3
	Contrast_1 (dB)__median3

	10
	Contrast_1 (dB)
	pct21
	Contrast_1 (dB)__pct21

	11
	Contrast_1 (dB)
	pct32
	Contrast_1 (dB)__pct32

	12
	Contrast_1 (dB)
	r21
	Contrast_1 (dB)__r21

	13
	Contrast_1 (dB)
	r32
	Contrast_1 (dB)__r32

	14
	Contrast_1 (dB)
	range3
	Contrast_1 (dB)__range3

	15
	Contrast_1 (dB)
	slope3
	Contrast_1 (dB)__slope3

	16
	Contrast_1 (dB)
	std3
	Contrast_1 (dB)__std3

	17
	Contrast_1 (dB)
	t1
	Contrast_1 (dB)__t1

	18
	Contrast_1 (dB)
	t2
	Contrast_1 (dB)__t2

	19
	Contrast_1 (dB)
	t3
	Contrast_1 (dB)__t3

	20
	Contrast_2 (dB)
	d21
	Contrast_2 (dB)__d21

	21
	Contrast_2 (dB)
	d32
	Contrast_2 (dB)__d32

	22
	Contrast_2 (dB)
	log_t1
	Contrast_2 (dB)__log_t1

	23
	Contrast_2 (dB)
	log_t2
	Contrast_2 (dB)__log_t2

	24
	Contrast_2 (dB)
	log_t3
	Contrast_2 (dB)__log_t3

	25
	Contrast_2 (dB)
	logd21
	Contrast_2 (dB)__logd21

	26
	Contrast_2 (dB)
	logd32
	Contrast_2 (dB)__logd32

	27
	Contrast_2 (dB)
	mean3
	Contrast_2 (dB)__mean3

	28
	Contrast_2 (dB)
	median3
	Contrast_2 (dB)__median3

	29
	Contrast_2 (dB)
	pct21
	Contrast_2 (dB)__pct21

	30
	Contrast_2 (dB)
	pct32
	Contrast_2 (dB)__pct32

	31
	Contrast_2 (dB)
	r21
	Contrast_2 (dB)__r21

	32
	Contrast_2 (dB)
	r32
	Contrast_2 (dB)__r32

	33
	Contrast_2 (dB)
	range3
	Contrast_2 (dB)__range3

	34
	Contrast_2 (dB)
	slope3
	Contrast_2 (dB)__slope3

	35
	Contrast_2 (dB)
	std3
	Contrast_2 (dB)__std3

	36
	Contrast_2 (dB)
	t1
	Contrast_2 (dB)__t1

	37
	Contrast_2 (dB)
	t2
	Contrast_2 (dB)__t2

	38
	Contrast_2 (dB)
	t3
	Contrast_2 (dB)__t3

	39
	Contrast_3 (dB)
	d21
	Contrast_3 (dB)__d21

	40
	Contrast_3 (dB)
	d32
	Contrast_3 (dB)__d32

	41
	Contrast_3 (dB)
	log_t1
	Contrast_3 (dB)__log_t1

	42
	Contrast_3 (dB)
	log_t2
	Contrast_3 (dB)__log_t2

	43
	Contrast_3 (dB)
	log_t3
	Contrast_3 (dB)__log_t3

	44
	Contrast_3 (dB)
	logd21
	Contrast_3 (dB)__logd21

	45
	Contrast_3 (dB)
	logd32
	Contrast_3 (dB)__logd32

	46
	Contrast_3 (dB)
	mean3
	Contrast_3 (dB)__mean3

	47
	Contrast_3 (dB)
	median3
	Contrast_3 (dB)__median3

	48
	Contrast_3 (dB)
	pct21
	Contrast_3 (dB)__pct21

	49
	Contrast_3 (dB)
	pct32
	Contrast_3 (dB)__pct32

	50
	Contrast_3 (dB)
	r21
	Contrast_3 (dB)__r21

	51
	Contrast_3 (dB)
	r32
	Contrast_3 (dB)__r32

	52
	Contrast_3 (dB)
	range3
	Contrast_3 (dB)__range3

	53
	Contrast_3 (dB)
	slope3
	Contrast_3 (dB)__slope3

	54
	Contrast_3 (dB)
	std3
	Contrast_3 (dB)__std3

	55
	Contrast_3 (dB)
	t1
	Contrast_3 (dB)__t1

	56
	Contrast_3 (dB)
	t2
	Contrast_3 (dB)__t2

	57
	Contrast_3 (dB)
	t3
	Contrast_3 (dB)__t3

	58
	Contrast_4 (dB)
	d21
	Contrast_4 (dB)__d21

	59
	Contrast_4 (dB)
	d32
	Contrast_4 (dB)__d32

	60
	Contrast_4 (dB)
	log_t1
	Contrast_4 (dB)__log_t1

	61
	Contrast_4 (dB)
	log_t2
	Contrast_4 (dB)__log_t2

	62
	Contrast_4 (dB)
	log_t3
	Contrast_4 (dB)__log_t3

	63
	Contrast_4 (dB)
	logd21
	Contrast_4 (dB)__logd21

	64
	Contrast_4 (dB)
	logd32
	Contrast_4 (dB)__logd32

	65
	Contrast_4 (dB)
	mean3
	Contrast_4 (dB)__mean3

	66
	Contrast_4 (dB)
	median3
	Contrast_4 (dB)__median3

	67
	Contrast_4 (dB)
	pct21
	Contrast_4 (dB)__pct21

	68
	Contrast_4 (dB)
	pct32
	Contrast_4 (dB)__pct32

	69
	Contrast_4 (dB)
	r21
	Contrast_4 (dB)__r21

	70
	Contrast_4 (dB)
	r32
	Contrast_4 (dB)__r32

	71
	Contrast_4 (dB)
	range3
	Contrast_4 (dB)__range3

	72
	Contrast_4 (dB)
	slope3
	Contrast_4 (dB)__slope3

	73
	Contrast_4 (dB)
	std3
	Contrast_4 (dB)__std3

	74
	Contrast_4 (dB)
	t1
	Contrast_4 (dB)__t1

	75
	Contrast_4 (dB)
	t2
	Contrast_4 (dB)__t2

	76
	Contrast_4 (dB)
	t3
	Contrast_4 (dB)__t3

	77
	Contrast_5 (dB)
	d21
	Contrast_5 (dB)__d21

	78
	Contrast_5 (dB)
	d32
	Contrast_5 (dB)__d32

	79
	Contrast_5 (dB)
	log_t1
	Contrast_5 (dB)__log_t1

	80
	Contrast_5 (dB)
	log_t2
	Contrast_5 (dB)__log_t2

	81
	Contrast_5 (dB)
	log_t3
	Contrast_5 (dB)__log_t3

	82
	Contrast_5 (dB)
	logd21
	Contrast_5 (dB)__logd21

	83
	Contrast_5 (dB)
	logd32
	Contrast_5 (dB)__logd32

	84
	Contrast_5 (dB)
	mean3
	Contrast_5 (dB)__mean3

	85
	Contrast_5 (dB)
	median3
	Contrast_5 (dB)__median3

	86
	Contrast_5 (dB)
	pct21
	Contrast_5 (dB)__pct21

	87
	Contrast_5 (dB)
	pct32
	Contrast_5 (dB)__pct32

	88
	Contrast_5 (dB)
	r21
	Contrast_5 (dB)__r21

	89
	Contrast_5 (dB)
	r32
	Contrast_5 (dB)__r32

	90
	Contrast_5 (dB)
	range3
	Contrast_5 (dB)__range3

	91
	Contrast_5 (dB)
	slope3
	Contrast_5 (dB)__slope3

	92
	Contrast_5 (dB)
	std3
	Contrast_5 (dB)__std3

	93
	Contrast_5 (dB)
	t1
	Contrast_5 (dB)__t1

	94
	Contrast_5 (dB)
	t2
	Contrast_5 (dB)__t2

	95
	Contrast_5 (dB)
	t3
	Contrast_5 (dB)__t3

	96
	Contrast_6 (dB)
	d21
	Contrast_6 (dB)__d21

	97
	Contrast_6 (dB)
	d32
	Contrast_6 (dB)__d32

	98
	Contrast_6 (dB)
	log_t1
	Contrast_6 (dB)__log_t1

	99
	Contrast_6 (dB)
	log_t2
	Contrast_6 (dB)__log_t2

	100
	Contrast_6 (dB)
	log_t3
	Contrast_6 (dB)__log_t3

	101
	Contrast_6 (dB)
	logd21
	Contrast_6 (dB)__logd21

	102
	Contrast_6 (dB)
	logd32
	Contrast_6 (dB)__logd32

	103
	Contrast_6 (dB)
	mean3
	Contrast_6 (dB)__mean3

	104
	Contrast_6 (dB)
	median3
	Contrast_6 (dB)__median3

	105
	Contrast_6 (dB)
	pct21
	Contrast_6 (dB)__pct21

	106
	Contrast_6 (dB)
	pct32
	Contrast_6 (dB)__pct32

	107
	Contrast_6 (dB)
	r21
	Contrast_6 (dB)__r21

	108
	Contrast_6 (dB)
	r32
	Contrast_6 (dB)__r32

	109
	Contrast_6 (dB)
	range3
	Contrast_6 (dB)__range3

	110
	Contrast_6 (dB)
	slope3
	Contrast_6 (dB)__slope3

	111
	Contrast_6 (dB)
	std3
	Contrast_6 (dB)__std3

	112
	Contrast_6 (dB)
	t1
	Contrast_6 (dB)__t1

	113
	Contrast_6 (dB)
	t2
	Contrast_6 (dB)__t2

	114
	Contrast_6 (dB)
	t3
	Contrast_6 (dB)__t3

	115
	Contrast_7 (dB)
	d21
	Contrast_7 (dB)__d21

	116
	Contrast_7 (dB)
	d32
	Contrast_7 (dB)__d32

	117
	Contrast_7 (dB)
	log_t1
	Contrast_7 (dB)__log_t1

	118
	Contrast_7 (dB)
	log_t2
	Contrast_7 (dB)__log_t2

	119
	Contrast_7 (dB)
	log_t3
	Contrast_7 (dB)__log_t3

	120
	Contrast_7 (dB)
	logd21
	Contrast_7 (dB)__logd21

	121
	Contrast_7 (dB)
	logd32
	Contrast_7 (dB)__logd32

	122
	Contrast_7 (dB)
	mean3
	Contrast_7 (dB)__mean3

	123
	Contrast_7 (dB)
	median3
	Contrast_7 (dB)__median3

	124
	Contrast_7 (dB)
	pct21
	Contrast_7 (dB)__pct21

	125
	Contrast_7 (dB)
	pct32
	Contrast_7 (dB)__pct32

	126
	Contrast_7 (dB)
	r21
	Contrast_7 (dB)__r21

	127
	Contrast_7 (dB)
	r32
	Contrast_7 (dB)__r32

	128
	Contrast_7 (dB)
	range3
	Contrast_7 (dB)__range3

	129
	Contrast_7 (dB)
	slope3
	Contrast_7 (dB)__slope3

	130
	Contrast_7 (dB)
	std3
	Contrast_7 (dB)__std3

	131
	Contrast_7 (dB)
	t1
	Contrast_7 (dB)__t1

	132
	Contrast_7 (dB)
	t2
	Contrast_7 (dB)__t2

	133
	Contrast_7 (dB)
	t3
	Contrast_7 (dB)__t3

	134
	Duration (s)
	d21
	Duration (s)__d21

	135
	Duration (s)
	d32
	Duration (s)__d32

	136
	Duration (s)
	log_t1
	Duration (s)__log_t1

	137
	Duration (s)
	log_t2
	Duration (s)__log_t2

	138
	Duration (s)
	log_t3
	Duration (s)__log_t3

	139
	Duration (s)
	logd21
	Duration (s)__logd21

	140
	Duration (s)
	logd32
	Duration (s)__logd32

	141
	Duration (s)
	mean3
	Duration (s)__mean3

	142
	Duration (s)
	median3
	Duration (s)__median3

	143
	Duration (s)
	pct21
	Duration (s)__pct21

	144
	Duration (s)
	pct32
	Duration (s)__pct32

	145
	Duration (s)
	r21
	Duration (s)__r21

	146
	Duration (s)
	r32
	Duration (s)__r32

	147
	Duration (s)
	range3
	Duration (s)__range3

	148
	Duration (s)
	slope3
	Duration (s)__slope3

	149
	Duration (s)
	std3
	Duration (s)__std3

	150
	Duration (s)
	t1
	Duration (s)__t1

	151
	Duration (s)
	t2
	Duration (s)__t2

	152
	Duration (s)
	t3
	Duration (s)__t3

	153
	Energy
	d21
	Energy__d21

	154
	Energy
	d32
	Energy__d32

	155
	Energy
	log_t1
	Energy__log_t1

	156
	Energy
	log_t2
	Energy__log_t2

	157
	Energy
	log_t3
	Energy__log_t3

	158
	Energy
	logd21
	Energy__logd21

	159
	Energy
	logd32
	Energy__logd32

	160
	Energy
	mean3
	Energy__mean3

	161
	Energy
	median3
	Energy__median3

	162
	Energy
	pct21
	Energy__pct21

	163
	Energy
	pct32
	Energy__pct32

	164
	Energy
	r21
	Energy__r21

	165
	Energy
	r32
	Energy__r32

	166
	Energy
	range3
	Energy__range3

	167
	Energy
	slope3
	Energy__slope3

	168
	Energy
	std3
	Energy__std3

	169
	Energy
	t1
	Energy__t1

	170
	Energy
	t2
	Energy__t2

	171
	Energy
	t3
	Energy__t3

	172
	MFCC_1
	d21
	MFCC_1__d21

	173
	MFCC_1
	d32
	MFCC_1__d32

	174
	MFCC_1
	log_t1
	MFCC_1__log_t1

	175
	MFCC_1
	log_t2
	MFCC_1__log_t2

	176
	MFCC_1
	log_t3
	MFCC_1__log_t3

	177
	MFCC_1
	logd21
	MFCC_1__logd21

	178
	MFCC_1
	logd32
	MFCC_1__logd32

	179
	MFCC_1
	mean3
	MFCC_1__mean3

	180
	MFCC_1
	median3
	MFCC_1__median3

	181
	MFCC_1
	pct21
	MFCC_1__pct21

	182
	MFCC_1
	pct32
	MFCC_1__pct32

	183
	MFCC_1
	r21
	MFCC_1__r21

	184
	MFCC_1
	r32
	MFCC_1__r32

	185
	MFCC_1
	range3
	MFCC_1__range3

	186
	MFCC_1
	slope3
	MFCC_1__slope3

	187
	MFCC_1
	std3
	MFCC_1__std3

	188
	MFCC_1
	t1
	MFCC_1__t1

	189
	MFCC_1
	t2
	MFCC_1__t2

	190
	MFCC_1
	t3
	MFCC_1__t3

	191
	MFCC_10
	d21
	MFCC_10__d21

	192
	MFCC_10
	d32
	MFCC_10__d32

	193
	MFCC_10
	log_t1
	MFCC_10__log_t1

	194
	MFCC_10
	log_t2
	MFCC_10__log_t2

	195
	MFCC_10
	log_t3
	MFCC_10__log_t3

	196
	MFCC_10
	logd21
	MFCC_10__logd21

	197
	MFCC_10
	logd32
	MFCC_10__logd32

	198
	MFCC_10
	mean3
	MFCC_10__mean3

	199
	MFCC_10
	median3
	MFCC_10__median3

	200
	MFCC_10
	pct21
	MFCC_10__pct21

	201
	MFCC_10
	pct32
	MFCC_10__pct32

	202
	MFCC_10
	r21
	MFCC_10__r21

	203
	MFCC_10
	r32
	MFCC_10__r32

	204
	MFCC_10
	range3
	MFCC_10__range3

	205
	MFCC_10
	slope3
	MFCC_10__slope3

	206
	MFCC_10
	std3
	MFCC_10__std3

	207
	MFCC_10
	t1
	MFCC_10__t1

	208
	MFCC_10
	t2
	MFCC_10__t2

	209
	MFCC_10
	t3
	MFCC_10__t3

	210
	MFCC_11
	d21
	MFCC_11__d21

	211
	MFCC_11
	d32
	MFCC_11__d32

	212
	MFCC_11
	log_t1
	MFCC_11__log_t1

	213
	MFCC_11
	log_t2
	MFCC_11__log_t2

	214
	MFCC_11
	log_t3
	MFCC_11__log_t3

	215
	MFCC_11
	logd21
	MFCC_11__logd21

	216
	MFCC_11
	logd32
	MFCC_11__logd32

	217
	MFCC_11
	mean3
	MFCC_11__mean3

	218
	MFCC_11
	median3
	MFCC_11__median3

	219
	MFCC_11
	pct21
	MFCC_11__pct21

	220
	MFCC_11
	pct32
	MFCC_11__pct32

	221
	MFCC_11
	r21
	MFCC_11__r21

	222
	MFCC_11
	r32
	MFCC_11__r32

	223
	MFCC_11
	range3
	MFCC_11__range3

	224
	MFCC_11
	slope3
	MFCC_11__slope3

	225
	MFCC_11
	std3
	MFCC_11__std3

	226
	MFCC_11
	t1
	MFCC_11__t1

	227
	MFCC_11
	t2
	MFCC_11__t2

	228
	MFCC_11
	t3
	MFCC_11__t3

	229
	MFCC_12
	d21
	MFCC_12__d21

	230
	MFCC_12
	d32
	MFCC_12__d32

	231
	MFCC_12
	log_t1
	MFCC_12__log_t1

	232
	MFCC_12
	log_t2
	MFCC_12__log_t2

	233
	MFCC_12
	log_t3
	MFCC_12__log_t3

	234
	MFCC_12
	logd21
	MFCC_12__logd21

	235
	MFCC_12
	logd32
	MFCC_12__logd32

	236
	MFCC_12
	mean3
	MFCC_12__mean3

	237
	MFCC_12
	median3
	MFCC_12__median3

	238
	MFCC_12
	pct21
	MFCC_12__pct21

	239
	MFCC_12
	pct32
	MFCC_12__pct32

	240
	MFCC_12
	r21
	MFCC_12__r21

	241
	MFCC_12
	r32
	MFCC_12__r32

	242
	MFCC_12
	range3
	MFCC_12__range3

	243
	MFCC_12
	slope3
	MFCC_12__slope3

	244
	MFCC_12
	std3
	MFCC_12__std3

	245
	MFCC_12
	t1
	MFCC_12__t1

	246
	MFCC_12
	t2
	MFCC_12__t2

	247
	MFCC_12
	t3
	MFCC_12__t3

	248
	MFCC_13
	d21
	MFCC_13__d21

	249
	MFCC_13
	d32
	MFCC_13__d32

	250
	MFCC_13
	log_t1
	MFCC_13__log_t1

	251
	MFCC_13
	log_t2
	MFCC_13__log_t2

	252
	MFCC_13
	log_t3
	MFCC_13__log_t3

	253
	MFCC_13
	logd21
	MFCC_13__logd21

	254
	MFCC_13
	logd32
	MFCC_13__logd32

	255
	MFCC_13
	mean3
	MFCC_13__mean3

	256
	MFCC_13
	median3
	MFCC_13__median3

	257
	MFCC_13
	pct21
	MFCC_13__pct21

	258
	MFCC_13
	pct32
	MFCC_13__pct32

	259
	MFCC_13
	r21
	MFCC_13__r21

	260
	MFCC_13
	r32
	MFCC_13__r32

	261
	MFCC_13
	range3
	MFCC_13__range3

	262
	MFCC_13
	slope3
	MFCC_13__slope3

	263
	MFCC_13
	std3
	MFCC_13__std3

	264
	MFCC_13
	t1
	MFCC_13__t1

	265
	MFCC_13
	t2
	MFCC_13__t2

	266
	MFCC_13
	t3
	MFCC_13__t3

	267
	MFCC_2
	d21
	MFCC_2__d21

	268
	MFCC_2
	d32
	MFCC_2__d32

	269
	MFCC_2
	log_t1
	MFCC_2__log_t1

	270
	MFCC_2
	log_t2
	MFCC_2__log_t2

	271
	MFCC_2
	log_t3
	MFCC_2__log_t3

	272
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