P CIX|H 28 X 55| = 2|
-+ Journal of Digital Contents Society
ot Vol. 24, No. 11, pp. 2745-2758, Nov. 2023 M) Check for updates

Slate Digital ML-22} Shure SM57 O0|3 2&& &8% O0I0|32E 52} 7|5 A3

Study on Microphone Emulation Technology Using Slate Digital
ML-2 and Shure SM57 Microphones

Haju Song' - Chul-Hee Lee*’

"Master's Course, Department of Postmodern Music, Kyung Hee University, Yongin 17104, Korea
ZAssistant Professor, Department of Postmodern Music, Kyung Hee University, Yongin 17104, Korea

[0 OF]
.= =

HAE S 7] o opdm I stEdo] ofx B E ] & TA Y S8 %] 0% H7bs e = Al e o) 7
o] A 3L Ql o}, whol AR E Hzf 7)ol gk A5t vl A Htol] AZHE QUTE w1 gt who] AR E B2F 7)o ¢HA
EE ylotslr] 98] BEE vlo] A2 E2] Slate Digital ML-29]] ol Edlo] 4 &2 712121 Slate Virtual Mlcrophon e System2] Shure
SM57 pho] A& E H7F R e g 283 5, 2] 71Q) A dhare] e 24 2t b e 4o B S f /\} Wsks

SESHC], A7 15K, ML2 ol LS /¥l A kel EE 28 ool SMs7e] S 474
AT} 3 o] Yeto) A8 Pato] AR FoG U)o HAG WA Ao R B I RS £ 5
2= o)
TR

ArZolEdold Ve Fade Aok, sd daelFe] Ve WS Aok

[Abstract]

With advancements in technology, there have been several attempts to emulate analog hardware outboard equipment into digital
plug-ins; however, digitally emulating microphones and preamplifiers are considered to be relatively recent developments.
Therefore, this study aimed to determine the microphone modeler emulation technology readiness level by experimenting and
analyzing frequency response similarity, plug-in operation, and a proximity parameter adjustment algorithm by applying the Shure
SM57 microphone emulation mode with a Slate Digital ML-2 modeling microphone and a Slate Digital Virtual Microphone
System emulation plug-in. The findings indicated that the current ML-2 microphone technology and operation algorithm is capable
of emulating the characteristics of the SM57 microphone. Moreover, it was feasible to increase the emulation quality by adjusting
certain frequency ranges via the equalizer. This study is significant as it not only verifies the effectiveness of the microphone
emulation technology but also successfully proposes a direction for the algorithm's development.
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¥ 1. Voxengo SPAN Plus &%
Table 1. Voxengo SPAN Plus configuration

Parameter (unit) Value or Status
FFT Window Type HANN
Filled Display Disabled
2nd Spectrum Disabled
Spectrum Analysis Type Average
Spectrum Analysis Block Size (samples) 2048
Spectrum Analysis Window Overlap (%) 95
Spectrum Averaging/Falling Time for Real-Time
Analysis (miliseconds) N/A
Anti—Aliasing Enabled
Align 0 dB Disabled
Visual Offset Off
Visual Smooth (octaves) Off
Lowest Accessible Frequency (Hz) 20.0
Highest Accessible Frequency (Hz) 20.0k
Lowest Accessible Power Value (dB) -80.0
Highest Accessible Power Value (dB) 0.0
Slope (dB/oct) 0.00
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E 2. FabFilter Pro-Q 3 &%
Table 2. FabFilter Pro-Q 3 configuration

Parameter (unit) Value or Status
Pre Engaged
Post Engaged
Analyzer Freeze Enabled
Spectrum Grab Enabled
Show Collisions Enabled
Range (dB) 90
Resolution Medium
Speed Very Fast
Tilt (dB/oct) 0
Number of Bands 7
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Table 3. Software and hardware configuration

Type Description
oS macOS Ventura 13.4
System configuration CPU Apple M2 Max
RAM SK Hynix LPDDR5 32 GB
DAW Pro Tools Studio 2023.9
Sample rate 48,000 Hz
Bit depth 24-Bit Fixed Point

Spectrum analyzer Voxengo SPAN Plus

Matching equalizer FabFilter Pro—Q 3

Audio interface Universal Audio Apollo x4

Studio monitors ADAM A5X (Pair)

Test signal output Fluid Audio FX80 (Single, Co—Axial)
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Fig. 1. White noise frequency response delta value curves,
S-57 Vintage plug-in applied with parameter
adjusted
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plug-in applied with parameter adjusted
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Table 4. Analysis result of white noise delta value per
frequency ranges when plug-in set to S-57
Vintage and S-57 Modern, with proximity
parameter adjustment value set to “Near”

Criteria Analysis Specifics
Plug—in Effect Present | Reference value of 1
Amplitude compared to Higher dB or higher average
Low Parameter "Mid” setup variance
freq. 4-502
range | Average variance (dB) (Vféi%e)
(Modern)
Delta contour Rising Approx. 2 dB increase
Plug—-in effect Present Reference value of 1
Amplitude qpmggred to Higher dB or higher average
parameter "Mid” setup variance
Mid 1.6
rf;gé Average variance (dB) (V|r11t.asge)
(Modern)
Delta contour Falling SIlg?tZ(r)lsHezutr;t(!na%pﬂrox.
High, Plug-in effect Reference Value of 1
ultra |Amplitude compared to| No effect | dB or higher average
high | parameter “Mid” setup variance
freq. | Average variance (dB) 0.0
range Delta contour Flat

% Frequency Range (Hz): Low (20 — 100), Mid (100 — 1,000),
High (1,000 - 10,000), Ultra High (10,000 — 20,000)

E 5. S-57 Vintage®t S-57 Modern Z2{1219| 28 &3}
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Table 5. Analysis result of white noise delta value per
frequency ranges when plug-in set to S-57
Vintage and S-57 Modern, with proximity

parameter adjustment value set to “Far”

Criteria Analysis Specifics
Plug-in effect Present | Reference value of 1
Amplitude compared to | | dB or higher average
parameter “Mid” setup variance
Low -5.014
rf;g'e Average variance (dB) (V_”;t_%%e)
(Modern)
Delta contour Rising Approx. 1.5dB
increase
Plug—in effect Present | Reference value of 1
Mid | Amplitude qpmggred to Lower dB or higher average
freq. | parameter "Mid” setup variance
range | Average Variance (dB) -1.7
Delta Contour Rising
High, Plug-in effect Reference Value of 1
ultra | Amplitude compared to | No effect | dB or higher average
high | parameter “Mid” setup variance
frea. | Average variance (dB) 0.0
range Delta contour Flat

% Frequency Range (Hz): Low (20 — 100), Mid (100 — 1,000),
High (1,000 - 10,000), Ultra High (10,000 — 20,000)
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Table 6. Analysis result of white noise delta value per

frequency ranges when plug-in set to S-Custom
Snare, with proximity parameter adjustment value
set to “Near”
Criteria Analysis Specifics
Plug—in effect Present Reference value
) of 1 dB or higher
Low Am::)lllntnuciergpMm dQ,a recti to Higher average
freq. paramete Id” selup variance
range Average variance (dB) 7.534
Delta contour Falling Approx. 4 dB
decrease
Plug—in effect Present Reference value
) of 1 dB or higher
Mid Amphtucie c“oMmdp”are? to Higher average
freq. parameter “Mid” setup variance
range Average variance (dB) 11
Delta contour Falling Approx. 5 dB
decrease
s Plug—in effect Reference value
ign, i of 1 dB or higher
ultra | Amplitude compared to No Effect averageg
fhlgh parameter "Mid” setup variance
s Average variance (dB) 0.0
range
Delta contour Flat

¥ Frequency Range (Hz): Low (20 — 100), Mid (100 — 1,000),
High (1,000 — 10,000), Ultra High (10,000 — 20,000)

¥ 7. S-Custom Snare Z2{1¢l°| 2% &} m2lojgf =H
‘Far M Al 290 310|E o|=o| 2t WMalz 2XM

2t

Table 7. Analysis result of white noise delta value per
frequency ranges when plug-in set to S-Custom
Snare, with proximity parameter adjustment value
set to “Far”
Criteria Analysis Specifics
Plug—in effect Present Reference value
) of 1 dB or higher
freq. P P variance
range Average Variance _
(dB) 6.754
Delta Contour Flat Slight rise
Plug—in Effect Present Reference value
| :
Amplitude Compared to of 1.dB or higher
Parameter “Mid” Setup Lower average
Mid variance
freq. Average Variance 15
range (dB) )
Sharp rise until
Delta Contour Rising approx. 300 Hz
then slight rise
Plug—in Effect Reference Value
i f1 dB or high
':'I?r:l’ Amplitude Compared to No Effect |° gve?argelg er
high Parameter "Mid” Setup variance
freq. Average Variance 0.0
range (dB) )
Delta Contour Flat

% Frequency Range (Hz): Low (20 — 100), Mid (100 — 1,000), High
(1,000 - 10,000), Ultra High (10,000 — 20,000)
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Fig. 12. Frequency response delta value curve of
comparison group microphone compared to
control group microphone
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Table 8. White noise delta value average per detailed
frequency range recorded with comparison group
microphone compared to control group
microphone, plug-in set to S-57 Vintage

Frequency rangs Delta average (dB) Mi\r,]é|igs' Ma\;;j:&

(ha) Mid=57 |Near-57 | Far=57 | parameter| parameter
Low| 0-100 6.92 | 11.75 | 1.89 Far Near
~ | 100-500 | 6.00 | 11.16 | 2.27 Far Near
Mid 500-1k | 5.03 | 10.49 | 2.58 Far Near
1k-2k | 3.79 9.36 2.27 Far Near
2k-3k | 2.64 8.14 1.64 Far Near
3k-4k 1.98 7.22 1.63 Far Near
4k-5k | 2.23 6.90 1.30 Far Near
High| 5k-6k | 2.59 6.61 0.85 Far Near
6k-7k | 2.86 6.28 0.57 Far Near
7k-8k | 3.00 5.86 0.55 Far Near
8k—-9k | 3.20 5.61 0.44 Far Near
9k-10k | 3.31 541 0.31 Far Near
10k-11k| 3.17 5.04 0.33 Far Near
11 k-12k| 2.94 4.58 0.36 Far Near
12k-13k| 2.61 4.10 0.33 Far Near
183k—-14k| 2.28 3.64 0.31 Far Near
Ultra| 14 k=15k| 1.92 | 3.17 | 0.41 Far Near
high|15k-16k| 1.50 | 2.64 | 0.67 Far Near
16k-17k| 1.12 2.06 1.00 Far Near
17k-18k| 0.78 1.55 1.27 Mid Near
18k—-19 k| 0.45 1.14 1.42 Mid Far
19k—-20k| 0.29 0.91 1.44 Mid Far
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Table 9. White noise delta value average per detailed

frequency range recorded with comparison group
microphone compared to control group
microphone, plug-in set to S-Custom Snare

Delta average (dB) Min. abs. | Max. abs.
Frequency range . value value

(Hz) Mid-57 |Near-57| Far-57 | 1o o cter | parameter
Low| 0-100 | 10.20 | 17.00 3.4 Far Near
Mid 100 -500| 8.89 15.05 3.47 Far Near
500-1k| 7.41 12.94 3.30 Far Near
1k-2k | 5.77 10.78 2.63 Far Near
2k—-3k | 4.23 8.73 1.69 Far Near
3k—-4k | 3.28 7.28 1.46 Far Near
4k-5k | 3.33 6.95 0.93 Far Near
High| 5k—-6k | 3.48 6.70 0.64 Far Near
6k—-7k | 3.58 6.42 0.69 Far Near
7k—-8k | 3.61 6.05 1.1 Far Near
8k-9k | 3.75 5.81 1.52 Far Near
9k-10k| 3.84 5.61 1.89 Far Near
10k—-11k| 3.70 522 1.99 Far Near
11 k—-12k| 3.48 4.75 1.95 Far Near
12k—-13 k| 3.17 4.27 1.78 Far Near
13k—-14k| 2.86 3.81 1.61 Far Near
Ultra|14 k—15k| 2.583 3.36 1.37 Far Near
high|15k-16k| 2.14 | 2.86 | 1.06 Far Near
16k—-17k| 1.69 2.30 0.86 Far Near
17k-18k| 1.27 1.80 0.65 Far Near
18k—-19k| 0.97 1.44 0.39 Far Near
19k-20k| 0.83 1.24 0.29 Far Near
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Table 10. White noise delta value average per detailed
frequency range recorded with comparison
group microphone compared to control group
microphone, plug-in set to S-57 Modern

Delta average (dB) Min. abs. | Max. abs.
Frequency range BllE e

(Hz) Mid-57 |Near-57| Far=57 | oo cior | parameter
Low| 0-100 6.34 | 1117 | 1.34 Far Near
Mid 100-500| 5.38 | 10.53 | 1.95 Far Near
500-1k | 4.27 9.73 2.38 Far Near
1k-2k | 3.03 8.63 2.28 Far Near
2k-3k | 1.92 7.47 1.92 | Far, Mid Near
3k-4k | 1.37 6.66 2.21 Mid Near
4k-5k | 1.67 6.38 1.83 Mid Near
High| 5k-6k | 2.09 6.13 1.33 Far Near
6k-7k | 2.40 5.83 0.96 Far Near
7k-8k | 2.61 5.47 0.78 Far Near
8k-9k | 2.88 5.28 0.55 Far Near
9k-10k| 3.06 5.16 0.31 Far Near
10k—-11k| 3.00 4.86 0.25 Far Near
11k-12k| 2.86 4.50 0.25 Far Near
12k-13k| 2.61 4.10 0.24 Far Near
13k-14k| 2.36 3.70 0.20 Far Near
Ultra|14 k—=15k| 2.08 3.31 0.27 Far Near
high|15k-16k| 1.73 2.86 0.46 Far Near
16k—-17k| 1.31 2.36 0.70 Far Near
17k-18k| 0.95 1.94 0.89 Far Near
18k-19k| 0.72 1.64 0.95 Mid Near
19k-20k| 0.66 1.52 0.88 Mid Near
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Table 11. White noise delta value average per detailed

frequency range recorded with comparison

group microphone, proximity parameter set to

“Far”

kH

Delta Average (dB) Min. abs. |Max. abs.

Frequency range

value value
(H2) Vintage C:nS;?gn Modem | - ameter| parameter
Low| 0-100 1.89 3.41 1.34 Modern Cs
Mid 100 -500| 2.27 3.47 1.95 Modern CSs
500-1k| 2.58 3.30 2.38 Modern Cs
1k-2k | 2.27 2.63 2.28 Vintage CS
2k-3k | 1.64 1.69 1.92 | Vintage | Modem
3k-4k | 1.63 1.46 2.21 Vintage | Modemn
4k-5k | 1.30 0.93 1.83 | Vintage | Modemn
High 5k-6k 0.85 0.64 1.33 Modern Modem
6k-7k | 0.57 0.69 0.96 | Vintage | Modem

7k-8k | 0.55 1.11 0.78
8k-9k | 0.44 1.52 0.55

Vintage CS
Vintage CS
Vintage,

9k-10k| 0.31 1.89 0.31 CS
Modern
10k—-11k| 0.33 1.99 0.25 Modern Cs
11 k=12k| 0.36 1.95 0.25 Modern CS
12k-13k| 0.33 1.78 0.24 Modern CS
13k-14k| 0.31 1.61 0.20 Modern CS
Ultra|14 k=15 k| 0.41 1.37 0.27 Modern CS
high|15k-16 k| 0.67 1.06 0.46 Modern CS
16k—-17k| 1.00 0.86 0.70 Modern Modern
17k-18k| 1.27 0.65 0.89 Vintage Modern
18k—-19k| 1.42 0.39 0.95 Vintage Modern
19k—-20k| 1.44 0.29 0.88 Vintage | Modern
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Fig. 16. White noise spectrum recorded with shortlisted
comparison group microphone and control group
microphone
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Fig. 17. EQ matching result, 7-Band Parametric Equalizer
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Table 12. Detailed setup value per band of 7-Band
Parametric Equalizer with EQ matching

completed
Parameter (unit)
Band
number | Frequency | . (qp) Q Shape
(Hz)
1 72.765 -1.95 1.000 Low shelf
2 134.75 +2.97 2.293 Bell
3 1083.0 -3.34 1.621 Bell
4 1152.5 -3.75 16.82 Bell
5 1381.1 +5.76 23.78 Bell
6 3008.3 -5.11 28.28 Bell
7 17917 -5.81 6.484 Bell
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Fig. 18. White noise spectrum recorded with equalized
shortlisted comparison group microphone and
control group microphone
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