Quilcom SIM-SHENG
[image: ]
Design
A sheng (pronounced “shung”) is an ancient Chinese wind instrument which has existed in many forms for at least 3000 years. Sound is generated by air blown or sucked into the wind chest at the base and is directed across a set of free reeds which are mounted in pipes, usually made from Bamboo. The vibration of a reed (one per pipe) interacts with the vibrating air column in its pipe to produce a harmonically rich tone. The pitch is determined by the natural frequency of the reed in combination with the effective length of the pipe. 
The pitch is enabled by a finger covering a hole at the base of the pipe (to get resonance started) but on some complex modern shengs keys are used to make for easier fingering of a wider and chromatic range.
A sheng’s polyphony is determined by the number of reed pipes present and many different numbers of pipes and tuning configurations have existed and are still produced. Also the materials used and the design have an influence on the timbres produced.
In the Background info folder are PDFs and links if you’d like to learn more about this class of instrument.

The Quilcom SIM-SHENG is a synthesiser plugin designed specifically to simulate this type of instrument.
My “SIM” series of synths follows a common philosophy, namely to use only synthesiser techniques and no sample players. Apart from me loving a challenge, the upside is having control over many parameters to shape the sound, which is generally not possible even with huge sample sets. Of course the synth is free too, whereas sample sets, of necessity, involve a colossal amount of work to accurately capture a whole range of sounds, not to mention the articulations provided by professional musicians. That costs a lot of time and money, so I guess good sample sets can never be free. In fact the only sampled instrument I found is the one by Soniccouture and currently costs £114 so I didn’t get to try it!
The downside to using pure synthesis is that authenticity to the modelled instrument will rarely be as convincing as real instrument samples, so you balance authenticity and cost with flexibility. Of course the other aspect of getting more convincing authenticity is the way the instrument is played, which has to be sympathetic to its construction and limitations.
To get the sound and behaviour as good as I was able, I made extensive use of YouTube videos, especially those by renowned sheng musician Wu Wei. I was also lucky and bought a broken modern sheng off eBay for £50 which also helped.

Overview
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The top area featuring an image of a sheng is where you can set breath techniques and timbre.
Next down is a row of 3 “ambient” effects routed in series left to right.
Bottom left is for tuning and SWELL expression control and next to the VOLUME knob is a RECORDER so you can export sounds and clips as WAV files.
At the bottom is the preset manager.

What follows are all the details of the various elements of the synth.
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As mentioned before, the timbre of each note created is determined by an interaction between a freely vibrating reed and the behaviour of the air column in its pipe. The construction and materials used have an effect on timbre, and if you listen to a sheng being played it quickly becomes apparent that individual pipes can have different timbres and volumes. Also shengs come in different pitch ranges which, in total, cover about 5 octaves with individual shengs covering up to 3 octaves. 
The FORMANTS section aims to simulate this “uneven” behaviour and is the place to vary the timbre over a wide range. It comprises 4 parallel comb filters where you can set the base frequency, resonance and level. The LEVEL knobs are bipolar so in the centre default position (double-click) they don’t have an output. Turning them left creates a subtractive filter and right an additive filter, each with peaks and troughs in the response curve. The RES knobs increase the size of these excursions by setting the feedback around the delay line. At maximum the filters will oscillate for a long time!
On the right of each parameter row is an R button which creates a random value for its 4 knobs. At the bottom is a further R button that randomises all 12 knobs. This provides a fast way of auditioning many different timbres (not all will be good!).
Be aware of the possibly of “Wolf notes”. This can happen in real instruments whereby a note or notes may be more difficult to sound. In the case of a sheng it may be that a pipe isn’t well tuned to its reed. In the SIM-SHENG this can happen when a comb filter setting significantly reduces or increases the amplitude of a note in the range. So if you get a timbre setting you like, it’s a good idea to try all the notes you want to use and if one or more is emphasised or quieter, just change the guilty frequency setting a little, so it doesn’t fall exactly on a particular pitch.
Since sheng instruments can be made to cover a wide pitch range (bass, alto etc.) you might need different FORMANT settings if you get a sound you like then decide to play especially low or high.
As a side note, I didn’t find any mention of the contribution to timbre made by the wind chest and any open pipes not sounding, but I heard this on my sheng. When I insert a pipe its timbre changes subtly. I also noticed that the base of the wind chest is thinner and has circular corrugations (a bit like a loud speaker) so I assume this is done on purpose to further colour the sound.
The FORMANTS filter has an additional function: to create a stereo field. The two filters on the left pass to the left channel and the other two go to the right channel. This can help to simulate close microphone placement which would pick up the spacial effect of the circle of pipes.
Tip: Since no two shengs will sound identical, if you want to record multiple instruments you can make variations with the FORMANTS filter section to get a more convincing ensemble effect.
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Breath techniques are an important part of expression. The main one is SWELL (see later) whereby the volume and timbre is controlled by air rate. But breath techniques allow various modulations of amplitude and timbre (they are connected together since breath strength affects both).
Each of the techniques demonstrated by Wu Wei is simulated by using different LFO waveforms, frequency and amplitude parameters. These 3 parameters were derived directly from his demonstration on YouTube and analysed in an audio editor. They are turned on and off with the LED switches which of course can be automated in your DAW. If you click on ?? you’ll see an explanation as a reminder. The idea is to only select one at a time! 


Here’s the information about the Chinese names:

· XI HUASHE: Rapid tongue buzz 35 Hz 6dB range.
· CHU HUASHE: Slower tongue buzz 20 Hz 18dB range.
· HU SHE: Rapid inhale-exhale 7 Hz 24dB range.
· SHE CHANYING: Slower breath modulation 7 Hz 15dB range.
· HOU CHANYING: Slower breath modulation 7Hz 24dB range.
Now I’m pretty sure that no two players will hit exactly 35 Hz for the XI HUASHE for example, so I’ve provided a RATE knob which allows a range of frequencies either side of the above table. Try doing that with a sampled performance! ;-)
Tip: If your music uses these breath techniques, and you want an ensemble using multiple instances, setting the RATE knob different for each will give a more convincing sound.
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The control panel allows you to tune the whole instrument over a +/- 12 semitone range and to fine tune it.
The sheng can be a surprisingly expressive instrument due to the free reed and resonant pipe construction. The literature says the range is 22.5dB for a single pipe, but I measured a 24dB dynamic range. If a chord is blown hard the range increases to about 30dB between the softest and loudest sounds.
The SWELL feature is provided to control the volume which is directly linked to the timbre, so a loud note will have a higher amount and level of higher partials, with an emphasis on increasing the 4th partial. This linking to higher harmonics gives the impression of an even wider dynamic range!
You can enter the MIDI CC number directly and the presets included all have CC#1 MODWHEEL selected, but you can use a pedal or a breath controller if you have one (which I don’t).
Velocity is set internally to control the amount of initial overshoot of amplitude. One breath technique is to “tongue” the start of a note which gives it a short blip at the start. This can be simulated by using keyboard velocity.

The pitch bend wheel is also used and has 2 functions:
1) It’s possible to create a small pitch bend on a non-keyed traditional sheng by partially uncovering a fingering hole. This is because the effective length of the pipe strongly influences the vibration rate of the reed. Only bending up from a note is possible and the maximum range is typically 4 semitones. However, as you bend up by opening the hole, the deviation from the reed’s resonant frequency causes the volume to fade to zero at maximum bend. This is simulated when pushing the wheel upwards.
2) Traditional Chinese sheng playing makes much use of certain chords, namely the tonic, fifth and octave. So when you push the pitch bend wheel down you first get the tonic plus its fifth and when fully down an octave is added. If you’re not a skilled keyboard player (like me) this can add something useful to the performance. Of course you could also program these and any other chords in your DAW.

Effects
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As mentioned before, the FORMANTS filter creates a pseudo stereo signal. The above WIDTH knob sets the spread of this stereo field. When fully down the sound is mono. At half way it’s stereo and as you turn it up further the width is stretched. The actual stereo placement will be determined by pitch and harmonics as set by the FORMANTS filters, and with the WIDTH knob set to maximum the stereo can be quite wild! For maximum authenticity I recommend a fairly low setting, as shown.
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This is a simple ECHO delay for adding ambience. Turn it on/off with the LED switch. When turned OFF it doesn’t use any CPU.
TIME is the delay time. 
FBK is feedback. The switch above the FBK knob determines whether the channels are swapped.
LO CUT will reduce the bass feedback more at higher settings.
HI CUT will reduce the treble feedback more at higher levels.
These two cut knobs are for simulating various environments.
LEVEL is the amount of echo signal added to the dry sound.
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The engine for this REVERB was designed by Martin Vicanek and I think sounds really good, but if you turn it off, like the ECHO effect it uses no CPU so you can use your favourite effects externally.
PRE-DLY sets a short delay time before the reverb starts which can be useful to make the sound stand out more.
TAIL sets the length of the reverb decay to die away to -60dB.
DAMP sets treble reduction as the tail decays, to simulate a more absorbent space.
WIDTH sets the stereo field size of the tail (not to be confused with the pseudo stereo WIDTH effect).
DRY-WET sets the balance between the incoming signal and the reverb sound.
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The instrument’s output VOLUME control includes bar graphs which indicate average peak levels. The knob’s ring will turn red for 1 second if even a very short clipping occurs.
The RECORDER on this synth can record sounds or a short performance up to 60 seconds.
To make a recording, set the anticipated 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. It takes a few seconds to write the file before you can play it back.
If you don’t get it right, just start again because the buffer will be cleared and overwritten.

Preset manager
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I’ve provided a few presets to illustrate a range of timbres, but these should be thought of as starting points to make it easier to shape the sound you have in mind. There are a few INIT slots for you to save your own variations.
On the left side is the small section where you select the preset either by clicking on the preset name or paging though them using the arrow buttons.
[bookmark: _GoBack]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 button 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 parameters. Of course the factory presets are baked into the code but to get one back you may otherwise have to reload it or use the DAW to return to factory defaults (which returns ALL of them in Reaper).
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 the text and just rename the preset, highlight the text, copy it then paste back in after you’ve renamed.
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