Quilcom SIM-DJEMBE
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Design
The Quilcom SIM-DJEMBE is a synthesiser plugin, using no samples, designed and configured to simulate the sound of an African djembe. A djembe is played with the hands only and traditionally in an open style, so the palm or fingers are made to bounce off the skin to give maximal sustain of the sound.
There are 3 distinct sounds defined which are obtained by the type of hand contact and position:
The “Bass” sound is made by hitting the skin centrally with the palm of the hand. This reduces excitation of the higher frequency modes and increases the excitation of the body sound. The sound produced by the body is a low frequency resonance caused by the shape and volume of the upper “bowl” and the venting from the bottom of the drum through the “stem”. The pitch and timbre of the Bass hit is not influenced by the tension or thickness of the skin. The material from which the body is made has little influence on the Bass sound but the contouring of the carving or moulding of the inside can affect the resonance and thus decay time. Skilled makers carve out a single piece of tree trunk and, since the desire is for a more “punchy” bass sound, they often carve spiral ridges on the inside to reduce resonance and achieve a sharper “thud” with a shorter decay time. If the bass sound lasts too long it is said to sound muddy and reduce the impact of the played rhythms.
The “Tone” sound is made by hitting the drum at the edge with the fingers together. The 0, 1 (fundamental) mode of the skin is much higher than the Bass sound and this is pitch is set by the diameter, thickness and tension of the skin. Higher modes are heard and the body resonance (bass) is much reduced because the hit is not central.
The “Slap” sound is produced by hitting the drum with the fingers in a similar place to the Tone but with the fingers spread apart. This causes even higher modes to be excited and adds a high bell-like ring to the timbre.
If you’re interested to learn more please look into the Background info folder in the downloaded zip.

Playing the synth
The range of sounds are spread chromatically over 1 octave either side of middle C (midi note 60). Intermediate sounds are interpolated and simulate variations a skilled player can produce. The Bass sound is on middle C (60), the Tone sound on F (65) and the Slap sound is 1 octave above middle C (72). The same sequence is mirrored by the notes as you descend from middle C, allowing very fast playing with two hands, just like on a real djembe. 

Since this plugin uses synthesis technology there is wide control of the sound and behaviour which you’re unlikely to find on a sample-based instrument.
A detailed description of the synth follows…


Overview
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At the top is the preset manager which has a few presets demonstrating some variations and INIT slots for your own sounds. The INIT sound can also be reached by clicking the DEFAULT button.
The left side of the djembe picture has the controls for the sound production. On the right side are 2 environmental effects, the master volume control and a recorder with which you can make your own samples.
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On the left side of the preset manager is the small section where you select the preset by clicking on the preset name or paging though them using the arrow buttons.
The MENU selector is where you operate on presets or banks. You can save, load, copy or paste presets, or save and load a bank from this menu.
All changes made to any settings will be stored with the DAW song file unless the switch UNLOCKED is changed to LOCKED. This locking feature is to avoid losing settings if you just want to mess with editing but want to keep the original default parameters. 
The RENAME button allows you to name or rename a preset providing the preset manager is UNLOCKED. Otherwise the RENAME button is dimmed.
On the right side is a free text area for adding comments to the preset. These comments are saved with the song and preset, providing the preset manager is UNLOCKED. Please be aware that you shouldn’t use a carriage return (Enter) in this text because the system won’t store any text after that. Also please be aware that when you RENAME a preset this text will clear, so if you want to keep it and just rename the preset, highlight the text, copy it then paste back in after you’ve renamed.
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The sound of the hand hitting the skin is simulated. The LEVEL knob is a means of simulating the closeness of the listener which will be reduced at greater distances due to high frequency damping.
As mentioned before, a djembe is traditionally played with open strikes. However, a real djembe could be hit with closed strikes often referred to as muted. When the MUTE knob is set to x1.00 as shown, playing a midi key will always result in the full sustained sound. If you increase the MUTE setting, the sound will be damped (muted) by the ratio adjusted. This means if you press and hold a midi note you’ll get the muted sound, but if you just tap the key you’ll get the sustained sound. This simulates the playing method on a real djembe.
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A large part of the sound is determined by the setting of the 3 SKIN knobs.
The THICKNESS of the skin affects the decay of the Tone and Slap sounds. The best traditional skins are goat but sometimes thicker skins like cow hide are used and these produce a shorter sustain (decay). When the THICKNESS knob is set to x1.0 as shown, the decay time is set to an average I determined by analysing a lot of recorded sounds. If you turn the THICKNESS knob up the sound lasts for a shorter time and vice versa. I’ve made the range larger than needed, to allow for experimentation. 
For a given diameter and thickness of skin, the TENSION of the skin determines the apparent pitch of the Tone and Slap sounds. The knob’s readout is the frequency of the 0, 1 mode (Hz) but keep in mind that the higher modes have a large effect on the perceived pitch. This psychoacoustic effect means the djembe seems to have different pitches for the Tone and Slap sounds, whereas in reality the difference is in the partial amplitude ratios to a fixed “fundamental”. The TENSION knob sets the pitch of the skin (not the Body) and I provided a much wider range than is needed for the simulation, allowing for metallic sounds to be synthesised for example.
The level of overtones is adjusted with the OV-TONES knob. Overtones are created by the local modes of vibration in the skin and follow non-integer frequency ratios to the fundamental. When I listened to many recording of djembe playing I became aware of huge variations between the timbres of instruments. I suspect this is down to a number of factors but the amount of overtone variation was most apparent. Some djembes seem to be far more “ringy” than others. I read that thicker skins produce a duller (or mellower) timbre than thin skins, but I decided not to link the OV-TONES setting with the THICKNESS settings to give more control and variation possibilities.
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As mentioned before, the Bass sound is produced by the body of the drum and doesn’t relate to the skin type or tension. The bass sound is produced by what is called Helmholtz resonance. This is created by the shape and volume of a closed or partly closed cavity, in this case excited by an impulse provided by a palm hit centrally on the skin. The actual pitch produced is fixed during the manufacture of the djembe and can’t be altered by the player. The beauty of using synthesiser technology is that we can alter the bass pitch with a simple knob, which is what the SIZE knob does. Djembe drums come in a wide range of sizes and stem-to-bowl proportions. In addition, the contour of the bowl and the size and shape of the venting aperture in the stem have an effect on the pitch and decay time of the bass note. The resonance is adjusted with the RES knob. The 2 controls are separate because the size and resonance aren’t in a fixed relationship, so you could have a large drum with low resonance and vice versa. As with other controls, the range goes beyond what’s necessary for simulation. In fact if you turn the RES knob fully down there is NO bass sound and the SIZE knob dims. This means the synth modelling can be used for some non-djembe sounds.
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I provided 2 environmental effects which can be turned off with the orange LED switch and then will use no CPU.
The first optional effect is a ROOM simulator.
SIZE is a macro control for a triple delay system and sets the reflection delay time for all three delays. REFLECT is a macro that adjusts the simulated sound absorption of the walls etc. LEVEL sets the volume of the reflections heard which are added to the dry sound. If the microphone is close to the instrument, the reflections will be at a lower level against the instrument’s sound, so the LEVEL knob can adjust the balance.
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The REVERB uses the excellent MVERB 7B engine made by Martin Vicanek.
TAIL sets the length of the reverb tail for it to fall to T60 (-60dB below initial).
DAMP simulates a more absorbent environment and turning it up will progressively attenuate the higher frequencies in the tail.
WIDTH sets the stereo width of the reverb.
[bookmark: _GoBack]MIX adjusts the balance between dry and reverb sound.
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The output VOLUME control has 2 vertical bar graphs which indicate average peak levels. If even short clipping occurs the inner pale blue ring will turn red for 1 second.

The RECORDER on this synth can record sounds or a short performance up to 10 seconds.
To make a recording, set the anticipated maximum TIME then click ARM. When a midi note is played the recording starts and a progress bar appears. Click on SAVE to open a regular Windows save file dialogue where you can save your recording as a WAV at 44100 Hz 16 bit stereo.
If you don’t get it right, just start again because the buffer will be cleared and overwritten. The processing in memory is simple so you can’t stop a recording once started; you have to wait until the progress bar disappears. Also, it can take a few seconds to create the wav file and write it to disk once saved.
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