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EVALUATION OF DIRECT RADIATING LOUDSPEAKERS FOR USE WITH SOUND MASKING 
INTRODUCTION

   In commercial offices, masking speakers are normally placed above a suspended ceiling.  These are called indirect radiating speakers because the sound has to penetrate the intervening material on its path to the listener below.  When the sound does not have to penetrate an intervening material, the speakers are described as direct radiating.   The difference is significant for masking applications.  
With the advent of sound masking in commercial facilities in the 1970’s, broad band random noise was added to the existing face-down paging speakers in the suspended ceiling (direct radiating) to provide speech privacy in the newly popular open office.  It was a disaster!  The speaker spacing was too large so, in an attempt to provide more uniformity of level, the spacing was reduced with little improvement in acceptance.  Consequently, the speakers were removed from the ceiling and placed in the ceiling plenum above, putting an intervening material between the loudspeaker and the listener. Today, most sound masking speakers are placed there because both performance and acceptability is high.

There are two direct radiating loudspeaker types currently used for sound masking applications.  The first type is similar to a paging speaker; they are inserted into the suspended ceiling and face downward.  The second type is a flat panel speaker that is made to look like the ceiling tile it replaces.  They will be rated in comparison with the criteria listed below.

CRITERIA FOR A SUCCESSFUL SYSTEM

There are several criteria for successful performance and acceptability of a sound masking system, all of which relate to whether the speakers are direct, or indirect, radiating.  They are:

1. Sound masking level.  Well designed open offices without sound masking have relatively low background levels, so occupants are continually distracted and disturbed by the conversations of others.  Sound masking is now added and the level is set to reduce distraction.  For open offices, depending on design, that level can vary from 43 dB(A) to 48 dB(A). For closed offices, the masking levels are lower, between none and 44 dB(A), since the walls provide more speech privacy.  When good speech privacy is desired, the correct masking level must be set in small increments to achieve that goal. 
2. Sound masking spectrum contour.  Sound masking is a broad band random sound that must, at a minimum cover the frequency range of speech, which is 160 to 8000 Hz.  However, the level at each frequency is critical.  White noise has a spectrum contour that increases with frequency, sounds hissy, and has been found to be unacceptable as sound masking.  Pink noise has a spectrum contour that remains the same at each frequency; it also is considered unacceptable by most persons.  In general, the more low frequency in the spectrum, the more acceptable it is, probably because it is similar to the background spectrum found outdoors.  The more high frequency in the spectrum, the less acceptable it becomes.  Good spectrum contouring is a balance between privacy performance and occupant acceptability.  Most practitioners design a spectrum that decreases with frequency at about 4 dB per octave, requiring more low frequency sound than high.  In open offices, the balance must be achieved by knowing about the other factors that play a role in privacy, namely the acoustical properties of the suspended ceiling and the furniture panel or wall system.  Since these vary considerably, the masking spectrum contour and level needs to vary also.  As an example, the spectrum contour for closed offices must be different than that for open offices.  In short, the masking system must be capable of creating a variety of sound masking spectra.

3. Spatial uniformity.  Unlike most sound systems that call attention to themselves, sound masking is designed to be background (not recognized), just as the background sounds outdoors are not recognized.  One criterion for achieving this is to have the sound level and spectrum contour throughout a given room uniform.  Otherwise, changes will be noticed by occupants as they move about.  Spatial uniformity is best achieved by use of an intervening material, such as a suspended ceiling or a raised floor.  The sound in the cavity undergoes multiple reflections, so that the sound passing through the material tends to be more uniform. 
4. Invisibility. In keeping with the concept of being background, it is undesirable to have the sound generating equipment noticed.  In an early system, where face-down paging speakers were used for masking, the occupants would see the loudspeaker and notice that the “radio” was off station.  The infamous “thermostat problem” also applies to sound masking.  If masking controls are visible and available, they will be changed, destroying the background nature of the system.  It is desirable to have all equipment housed out of site and have the speakers unseen.  Putting the speakers behind an intervening material achieves that goal.
5. Sound diffusion. Most people are not even aware that there exists a measurable sound level in most residential communities or in a quiet forest.  The primary reason for that is because the sound is arriving from essentially all directions; the sound field is diffuse.  Because it is difficult to identify a particular source under these conditions, the information is not processed in the brain.  The sound from busy streets or airports is not diffuse; the sound can be identified and therefore disliked.  Since we wish sound masking to be an acceptable background, it must as diffuse as possible.  Diffusion is greatly improved by use of an intervening material.
6. Applicability.  The location of masking speakers for commercial applications has broadened to include those under raised floors, in ceilings without suspended ceiling tiles, in ceilings with discontinuous suspended ceiling tiles, and on walls.  Masking systems need to accommodate each of these locations.

7. Portability.  On occasion, an owner will move the facility to a new location.  The speakers for a plenum masking system can be removed and relocated relatively easily, since there is no interaction with other materials in the space.  Removal is more complex for direct radiating speakers since they are embedded in the suspended ceiling tile. 
8. Phasing.  When two masking speakers have the same signal, but are separated from each other, a person at the mid-point between them can sense a “swishing” sound.  This is caused by level changes at various frequencies caused by phase shifts.  When strongly noticeable, it is considered to be objectionable.  This effect is most pronounced in a commercial facility with persons moving about.  An intervening material can eliminate this effect.  If there is no intervening material, special design is required to eliminate it. 
FACE-DOWN DIRECT RADIATING MASKING SPEAKERS

There is a currently available proprietary masking system with face-down speakers.  Because the system is proprietary, any limitations of the control equipment are passed along to the masking sound.  Normal paging speakers are not discussed here, since they have long since been rejected for masking.
1. Sound masking level.  The range of the level control is adequate for commercial use, but the level increments are 3 dB, making it difficult to set the desired degree of privacy.
2. Sound masking spectrum.  The speaker diameter is about three inches and is not a large displacement one, so it cannot radiate adequate low frequencies to meet the frequency contour criterion set above.  To offset this limitation, the system creates nearly pink noise.  Despite the fact that such a spectrum contour will achieve the same degree of speech privacy at a lower level than the recommended spectrum contour, it has been found to be much less acceptable than the recommended one.
3. Spatial uniformity.  The high frequencies of direct radiating speakers are more directional than the low frequencies so there is a tendency for the sound spectrum to vary along the line between speakers.  This tendency is partially overcome with small speakers. Direct radiating speakers must accommodate the inverse square law, so levels must vary along the line between speakers.  For standing persons, the distance from the speaker can vary from 3 to 7 feet, a doubling of distance.  The above comments apply to all office types.  When the furniture panels between occupants exceed a height of 65 inches in an open office, sound shadowing occurs, changing both the masking level and the spectrum contour. To minimize these effects, speakers are often placed as close as 10 feet apart, increasing the number of speakers required.  Standard in-plenum systems are near 15 feet apart, requiring only 44 percent as many speakers.
4. Invisibility. The speakers of this system are of necessity visible and the source of the sound can be identified readily.
5. Sound diffusion. Direct radiating speakers create sound fields with extremely low diffusivity, making it more likely that the source of the masking can be identified, and less likely to be accepted than a masking sound with the same spectrum contour and level created behind an intervening material.  Most commercial facilities have considerable sound absorption, further contributing to a loss of diffusion for direct radiating speakers. 
6. Applicability. The use of this speaker is limited to suspended ceiling tiles.  The masking spectrum contour is fixed so that it cannot be adapted to other speaker locations, nor to different types of offices where different masking spectra are desired.  But the most extreme difficulty with these systems is in the design.  For good spatial uniformity, the speaker array should be nearly rectangular with speakers at a uniform spacing.  Modern suspended ceilings have many penetrations: lights, duct grilles, alarms, and other sensors.  It is most unlikely that the priority of these penetrations will be reduced to accommodate the positioning of a masking speaker.  Irregular speaker spacing will reduce occupant acceptance.  To install these speakers, the ceiling tile must be penetrated.   
7. Portability.  To remove these speakers, the ceiling tile must be replaced.  If the system has been in existence for some time, the replacement tile will be of lighter color and thus be more noticeable and less acceptable. 
8. Phasing.  The specific system discussed here has a preferred wire type (multi-strand) and wiring method that permits phasing to be eliminated.  This is done by having incoherent (unrelated) masking signals fed through the wire to alternate speakers.  When the nearby masking sounds are unrelated, no phase effect occurs.  This requires special wires, not used in most other masking systems.    
FLAT PANEL DIRECT RADIATING MASKING SPEAKERS

There are two products of this type currently available.  Both have similar characteristics.  Since the systems of which they are a part are not proprietary, the signal to the speakers can be supplied from a number of different masking sources.  The speakers are designed to look like the suspended ceiling tile they replace and thus be unnoticeable. 
1. Sound masking level.  The centralized controls of these speakers provide an adequate range of levels and level increment for commercial use, so there is no limitation on level. 
2. Sound masking spectrum.  The centralized controls of these speakers provide an adequate range of spectrum contours, so there is no limitation on spectrum. 

3. Spatial uniformity.  The high frequencies of flat panel speakers are more directional than the low frequencies so there is a tendency for the sound spectrum to vary along the line between speakers.  This tendency is exacerbated by the size of flat panels; they are about two by two feet.  Improved design permits this limitation to be partially overcome with pre-filtering and structural variations. Flat panel speakers must accommodate the inverse square law, so levels must vary along the line between speakers.  For standing persons, the distance from the speaker can vary from 3 to 7 feet, a doubling of distance.  The above comments apply to all office types.  When the furniture panels between occupants exceed a height of 65 inches in an open office, sound shadowing occurs, changing both the overall masking level and the spectrum contour. To minimize these effects, speakers are often placed as close at 10 feet apart, increasing the number of speakers required.  Standard in-plenum systems are near 15 feet apart, requiring only 44 percent as many speakers.
4. Invisibility. To be invisible, the speakers must have a surface texture and color that matches the surrounding ceiling tiles.  This limits the choice of ceiling tile to those materials available to the speaker manufacturer.  The speaker is square, while the other tiles are rectangular, so it is possible to locate the speaker visually, although not very likely. The source of the masking can be identified, so “audio visibility” still exists.  
5. Sound diffusion. Flat panel speakers create sound fields with extremely low diffusivity, making it more likely that the source of the background can be identified, and less likely to be accepted than a masking sound with the same spectrum contour and level created behind an intervening material.  Most commercial facilities have considerable sound absorption, further contributing to a loss of diffusion. 
6. Applicability. The use of this speaker is limited to suspended ceiling tiles.  To improve spatial uniformity, the speaker array must be nearly rectangular with speakers at a uniform spacing.  Modern suspended ceilings have many penetrations: lights, duct grilles, alarms, and other sensors.  It is most unlikely that the priority of these penetrations will be reduced to accommodate the positioning of a masking speaker.  Irregular speaker spacing reduces occupant acceptance.  Since flat panel speakers are two by two feet and most normal ceiling panels are two by four feet, an additional two by two foot panel must be created to fit the grid.  The need to match the speaker facing with the surrounding ceiling tiles, limits the possibilities of ceiling tile material. Flat panel speakers are more complex and are made in less quantity than plenum speakers so they are more costly to both installer and end user.  Also, costs to the end user can be greater because flat panel speakers need be spaced more closely than speakers behind an intervening material.  

7. Portability. To remove these speakers, the ceiling tile must be replaced.  If the system has been in existence for some time, the replacement tile will be of lighter color and thus be more noticeable and less acceptable.  

8. Phasing.  Phasing is essentially eliminated with a checkerboard wiring pattern of the speakers.  Two wires from the system equipment are led to the masked area.  One set of speakers is fed with one masking signal, while the other set is fed with a masking signal uncorrelated with the first. This requires that the system create two independent masking signals, when only one is necessary for a normal masking system. Additional wiring adds cost.  A more practical limitation is that of installation.  It requires great attention to detail and more time to insure the each of the two wires goes to the correct speaker.  Experience suggests that incorrect wiring occurs often.  
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