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Introduction: 
         Reverberation is a naturally occurring acoustical effect (Roads 472). It is the result 

of the many reflections of a sound that occur in a room. A sound will be reflected, if it is 

not absorbed or transmitted when it strikes a surface. For example, when you listen to 

music from the stereo system in your living room, besides a direct path from the speaker 

to our ears, there are many other ways the sound travels through to reach us. As shown in 

Figure 1, Sound waves can also take a longer path by reflecting off wall before arriving at 

your ears. Since the sound waves travel a slightly longer distance, the reflected sound 

wave will reach our ears a little later than the direct sound wave. The sound waves 

amplitude will be a little weaker, since the wall surfaces will absorb some of the sound 

energy. Depending on the size of the room, the time and amplitude differences varies. 

That is why we can tell the reflection effect in concert halls easier than in living room. In 

a big enough room, the reflection will repeat many times, and then series of delayed and 

attenuated sound waves, which is called echo, reaches our ears. That is how we feel the 

'spaciousness' of a room (Sahdev 5). With respect to music, reverberation is the collection 

of all the reflected sounds (Lawson 1). The modern technology provides many ways to 

solve this reverberation problem. Since digital processing devices and computer 

technology have been developed in recent years, people are able to finish a complicate 

simulation to find digital solution of naturally producing reverberation. The earliest 

digital solution of this reverberation problem is established by Manfred Schroeder of Bell 

Telephone Laboratories in 1961(Schroeder). The solution is called Schroeder’s 

Reverberator, which is this paper’s main focus and will be explained more in detail in the 

following section. 

 

Figure 1.Sound Path (Sahdev) 
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Artificial Reverberation 

 Before the digital reverberator is established, there are some other ways for 

people to deal with reflected sound wave. The reverberation effect is one of the most 

important considerations for constructing theater, cinema, and concert hall. People study 

sound’s nature and reproduce good reverberation effects by designing placement angle of 

speaker, building rough wall surface and specifically wall shape. A notable and useful 

technique is the echo chamber.  Echo chamber is a small room with walls covered in 

sound reflecting material. A loudspeaker and a high-quality microphone are placed at 

different ends. The sound to be reverberated is played over loudspeaker and picked up by 

microphone. When all these condition are sympathetic, an excellent reverberated sound 

will be created (Roads 473).  However, these units tend to have very uneven frequency 

response, falling off sharply at high frequencies, with the result that the sound is 

characteristically colored or blurred. As well, the echo density (i.e. the number of 

reflected repetitions per second) is often not high enough to avoid a 'fluttering' of the 

sound, particularly with very short percussive sounds (Smith 58). Because of the short 

points of artificial reverberation, digital reverberator plays more important roles in audio 

signal processing filed. 

Digital Reverberation 

1. Digital View of Sounds 

           As mentioned in the instruction section, Dr. Schroeder investigated the first digital 

reverberator and developed digital reverberation model in the 1960’s.For studying the 

digital reverberator’s work function, the nature of sound reflection should be known first.  

The Figure.2 shows the impulse response of a room. In DSP (digital signal processing) 

view, the reverberation effect can be broken into three parts (Roads 477): 

5



 
Figure 2: Parts of Reverberation (Lawson) 

• Direct sound travels in straight path and is the first sound wave to arrive at 

listener’s ears. 

• Discrete early reflections hit the listener’s ears just after the direct sound within 

80 ms 

• Fused reverberation contains thousands of closely spaced echoes but takes more 

than 80 ms to build up and then fade away 

The mission of digital reverberator is to try to delay wave at certain frequencies, that will 

make  sound wave arrive at the listener’s ear at different time. Then, the reverberation 

effect is achieved. 

 

2. Schroeder Reverberator 
            Schroeder Reverberator is a much simpler reverberator when compared with the 

later model and today’s commercial reverberator. It only contains two components, 

recursive comb filter and allpass filter. 

a. Recursive comb filter 

y[n] = a * x[n] + b * x[n - delay] + c * y[n - delay]

 
                                      Figure. 3 Recursive Comb Filter ( MSP) 
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