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Psychoacoustic principles are considered in order to enhance the naturalness of the
sound image achievable in a conventional two-loudspeaker arrangement. It is found
that simulation of depth and space are lacking when the coincident microphone and
panpot techniques are applied. To obtain optimum simulation of spatial perspective it
is important for the two-loudspeaker signals to have interaural correlation that is as
natural as possible. This requirement is met by the so-called sphere microphone, used
as a main microphone, associated with the room-related balancing technique, which
generates artificial reflections and reverberation from spot-microphone signals. Music
recordings confirm that the sphere microphone combines favorable imaging characteristics
with regard to spatial perspective, accuracy of localization, and sound color; and that
the room-related balancing technique is able to preserve this stereophonic quality.

0 INTRODUCTION image "suitable for a living room"--in other words,
the essential problems of loudspeaker stereophony--

A particularly large number of studies have been actually force a deviation from identity. The desired
published during the last few years with the goal of natural stereophonic sound image should therefore meet
improving the capabilities of current stereophony. This two requirements: it should satisfy aesthetically and it
applies to microphone techniques as well as to mixing should match the tonal and spatial properties of the
and reproduction techniques, and major overall progress original sound at the same time.
can be expected. In this paper possible developments Both requirements will undoubtedly be contradictory
in stereophonic recording technique are described, in many situations. However, the compromise, namely,
which may improve the "naturalness" of the stereo- optimization by the sound engineer, will be the better,
phonic sound image in the playback room. the more flexible the stereophonic recording technique

First, how can the desired naturalness of the ster- is and the more accurately the psychoacoustic principles
, eophonic sound image be defined? The simplest theorem are understood and taken into account from the technical

would be: the reproduced sound image must correspond and artistic points of view.
to the original sound image. This definition appears to

be problematic because identity can definitely not be I STEREOPHONIC IMAGING OF SPACE
required, in principle, as a goal for optimizing the ster-
eophonic transmission technique. Identity may con- Which stereophonic loudspeaker signals does the ear
ceivably be appropriate for head-referred stereophony, require so that a natural sound image is achieved? What
or perhaps for the reproduction of a speaker's voice kind of quality of stereophonic presentation of direction,
through loudspeakers, but it is probably appropriate to distance, and spatial impression _ is possible, in prin-
a limited extent only for the reproduction of the sound ciple, in the case of conventional two-channel loud-
of a large orchestra through loudspeakers. Aesthetic
irregularities in the orchestra, poor conditions of room

The term spatial impression comprises two attributes of
acoustics, as well as the necessity of creating a sound the sound image [1], [2]. (1) reverberance (a temporal slurring

of auditory events [2]), which is caused by late reflections
and reverberation, and (2) auditory spaciousness (a spatial
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speaker reproduction? The following fundamental during loudspeaker reproduction,2 an equivalent loud-
statements have been derived in earlier papers by means speaker-referred presentation of the spatial perspective
of the association model [3] for spatial hearing, in the simulation plane, which is comparable to the

1) The distance of the phantom sound source [2] is spatial perspective of a picture.

equal to the (mean) distance from the two stereo loud- To verify this important statement, suitable exper-
speakers. The spatial perspective can only be repre- iments can be carried out. When the dummy-head signals
sented in the simulation plane between the loudspeakers are compared in a listening test with stereophonic signals
in a manner similar to the perspective presentation in which do not provide the head-specific interaural signal
the visual area [4] (see Fig. 1). The real distance from differences with sufficient accuracy, a relatively high
the loudspeakers corresponds to the real distance from degree of sensitivity of the ear to such interaural "ir-
the picture, regularities" is noted during playback through head-

2) The spatial perspective in the simulation plane is phones. The quality of the perceived spatial image suf-
better achieved as the interaural signal differences during fers in some way and to some degree. The result of the

natural listening are imitated more accurately by the same listening comparison during playback through
loudspeaker signal differrences [4]. Due to an inverse loudspeakers is both surprising and impressive: the
filtering process postulated in [3]- [5], the auditory quality of the perceived spatial image (in the simulation
system recognizes the relations between the left and plane) suffers in a similar way and to almost the same
right loudspeaker signals independent of the binaural degree. Two examples are shown in Fig. 2.
crosstalk and evaluates them according to the listening 1) A dummy head recording of a sound source [such

experience, as a loudspeakerlocatedon the right sideof the dummy
Thus, in principle, optimum presentation of direction, head; see Fig. 2(a)] will produce a correspondent image

distance, and space in the simulation plane is made on the right side of the headphone listener and, in the
possible by the stereophonic signal differences generated case of loudspeaker reproduction, a sharp image located
by a dummy head [4]. A dummy-head signal which close to the right loudspeaker, due to maximum mag-
produces the head-referred three-dimensional perception nitudes of the interaural signal differences of the dummy
of space during headphone reproduction generates, head (case A). When the maximum natural interaural

time difference of 0.74 ms is enlarged to the unnatural
value of about 1 ms by means of a delay device (case
B), the stereophonic quality drops distinctly. This is
true even in the case of playback through loudspeakers.
The sound event appears in a more blurred and vague
manner in the case of the unnatural interaural time
difference of 1 ms.

When comparing a dummy-head recording A and a
coincident-microphone recording B of an orchestra by
means of headphones, the superiority of the dummy
head is obvious. The dummy-head signal produces a
head-referred natural spatial impression, but the co-
incident-microphone signal produces a poor spatial
impression. It is important that a corresponding ster-
eophonic quality difference can be observed in the case
of loudspeaker reproduction: the dummy-head signal
generates a loudspeaker-referred presentation of the
spatial perspective in the simulation plane (according
to Fig. 1), but the coincident-microphone signal pro-
duces a fiat distribution of sound sources between the

two loudspeakers in front of the listener without sim-
ulating spatial perspective. The coincident-microphone
signal, which does not provide any head-specific in-
teraural signal difference, fails not only in generating
a head-referred presentation of the authentic spatial
impression and depth, but also in generating a loud-

2 Loudspeaker reproduction does not include the technique
of biphonal reproduction, that is, loudspeaker reproduction

Fig. 1. The distance of this picture can be compared with techniques that aim to simulate headphone reproduction by
the distance of stereo loudspeakers. The visual perspective, compensating the interaural crosstalk portions (a survey is
which is simulated by applying phenomena of spatial vision, found in [6]). The biphonal reproduction methods cannot be
can be compared to the stereophonic perspective, which can considered as a possibility to improve the capability of loud-
be simulated by applying corresponding phenomena of spatial speaker stereophony because the listening area is always
hearing, minimal.
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speaker-referred simulation of the spatial impression requirement is not met by pure intensity or time stere-
and depth, ophony, and the stereophonicquality is not advanta-

Summarizing loudspeaker stereophony according to geous with respect to depth and space imaging (intensity
the association model is based on introducing corre- stereophony) or localization (time stereophony) in
sponding physical attributes of the ear signals (which comparison to dummy-head, OSS, or ORTF techniques,
correlate with phenomena of natural spatial hearing) as found in practical comparison tests on the perform-
into the stereophonic signals [4]. This is contradictory ance of the main microphones in different concert halls
to summing localization theories, which attempt to in- [9].
troduce them into the resulting ear signals of the listener. On this basis, there are possibilities for optimizing
On the basis of summing localization theories it is even the stereophonic presentation of direction, distance,
today tried to assess stereophonic techniques (see, for and spatial impression through two loudspeakers. The
example [7], [8]). As a recent example, Lipshitz has so-called sphere-microphone [10] and the room-related
concluded that coincidence-microphone techniques are balancing techniques [11]-[13] represent appropriate
most advantageous for getting a natural spatial impres- optimization approaches for the recording end.
sion [7]:

I believe that spaced-microphone recording tech- 2 SPHERE MICROPHONE
niques are fundamentally flawed, although highly
regarded in some quarters, and that coincident-mi- In [ 10] a microphone system has been proposed where
crophone recordings are the correct way to go. two boundary-layer microphones are placed on the sides,

His arguments are based on an analysis of the resulting, of a sphere, as shown in Fig. 3. This so-called sphere
interaural characteristics of the listener's ear signal, microphone produces stereophonic signals which are
according to the principle of summing localization: composed of natural interaural differences, quite similar

The level and time (or phase) differences at the lis- to dummy-head signals, as required in Sec. 1. However,
tener's ears are not the same as those at the loud- in contrast to the dummy head, it has a linear frontal
speakers .... It is important that, as far as possible, frequency response (see Fig. 4, upper curve). The
the two loudspeaker signals combine at the listener's sphere-microphone signal does not contain those
ears to produce cues which are compatible with natural dummy-head-specific spectral cues, which are used for
hearing, front-back orientationduring headphonelistening[2],
However, natural interaural attributes of the listener's [5] (Fig. 4, lower curve), but which are not used during

ear signals can only be obtained by using the dummy- loudspeaker-referred presentation and would therefore
head technique (head-referred imaging). In contrast, cause coloration problems [10].
conventional two-loudspeaker stereophony is a loud- The frequency responses of the sphere microphone
speaker-referred imaging technique, and it is important Schoeps KFM 6U are plotted in Fig. 5. They are linear
that, as far as possible, the two loudspeaker signals for sound reaching the sphere from the front (0°), and
contain natural interaural attributes rather than the re-

sultant listener's ear signals in the playback room. This

orchestra ,_[ i
I dummysoundI I dummycoincidenceI

source I I head microphone II head

I <lc x I I I

1reproduction reproduction reproduction reproduction

(a) (b)

Fig. 2. Two examples for demonstrating stereophonic quality differences in headphone and loudspeaker reproduction.
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the sum of left and right energy is frequency independent use to produce a stereo image of outstanding naturalness

for sound sources moving toward the side. Also, the and spatial integrity, combined with excellent sound-
frequency response is linear for the integrated resultant color neutrality and low-frequency response.
of sounds reaching the sphere from any angle in the At present the sphere microphone Schoeps KFM 6U
reverberant (diffuse) field [3]. The choice of pressure (Fig. 6) is being tested in different situations and com-
capsules sharply reduces sensitivity to air motion, while pared with other main microphones. First results confirm
ensuring frequency response to the lower limit of human that the sphere microphone in fact combines favorable
hearing (see Fig. 5). The sphere microphone fuses ad- imaging characteristics with respect to spatial per-
vantageous features of the systems already in general spective, accuracy of localization, and sound color.
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Fig. 3. Principal function of sphere microphone.
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Fig. 4. Frequency response of sphere microphone and dummy head (0° free field minus diffuse field).
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Fig. 5. Frequency response of sphere microphone (Free field 20 °, 40 °, 60°). Upper curves--right; lower curves--left; middle
curve--sum of left and right energies.
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sentation of direction, distance, and space is only pos- Natural Spatial Perspective via Loudspeakers: Theory,"
sible as a presentation of spatial perspective in the in Perception of Reproduced Sound (1987), pp. 135-
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Fig. 8. Room-related balancing: main-microphone signal plus artificial reflections and reverberation.
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