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Abstract: In the history of speech technology, the vocoder plays the role of a “guiding fossil”, which introduced the ways to speech analysis and synthesis with electronic means. The general approach is continuously important in contemporary
communication systems, but now with digital implementations. This paper describes a research project of Sennheiser electronic from the 1970s, which gives an
impressive example for the transition from the classical analog systems to digital,
computer-based solutions.

1

Introduction

Any electronic device which is able to analyze the speech signal, to produce a parametric description of it, and to re-synthesize the speech signal from these parameters (Figure 1), is called
a Vocoder (voice encoder and decoder) following a proposal of H OMER D UDLEY (1896–1980),
who constructed the first prototype in the U.S. in the 1930s. The first intended application was
in speech transmission, because the transfer of the coded signal requires essentially less bandwidth than that of the original signal.
The first vocoders were so-called channel vocoders, where the parametrization of the speech
signal is performed by measuring and transferring the signal power in a number of adjacent frequency bands (channels). The information whether the signal is voiced or unvoiced and, if
voiced, the fundamental frequency (for the prosody or “speech melody”) must be transferred as
additional parameters.
Because the development of the vocoder required extensive research in speech analysis as
well as in speech synthesis, it is regarded as the “guiding fossil” of the whole electronic speech
technology (and also of electronic music). However, it is hard to reveal the history of the early
vocoders, because they produced coded speech, which could be utilized for secure communication channels mainly in military applications. The most prominent example is D UDLEY’s
Vocoder, which was adapted as part of the SIGSALY system (“Project X”) of the Bell Laboratories [8], which was used in World War II and after. Documents which could tell the worldwide
history of the vocoder have therefore been kept secret for a long time and are partially lost.
This paper describes a facet of the vocoder development in Germany using a set of research reports and related documents, which are stored in the Heritage Center of the company
Sennheiser electronic at Wedemark, Germany, and have been declassified meanwhile. Unless
otherwise noted, the contents are based on this collection. The main purpose is to demonstrate
the step from the analog to the digital vocoder implementation, which was feasible due to the
progress of computer engineering in the 1970s.
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Figure 1. Basic principle of a vocoder-like system for speech compression and transmission [17].

2

The vocoder in Germany

Due to war destruction and secrecy problems, it is hard to reconstruct the early history of the
vocoder in Germany. It is obvious, that there was a vocoder-like patent of the German engineer
K ARL -OTTO S CHMIDT (1901–1981) in 1932 [27], five years earlier than the respective patent
of D UDLEY [6]. S CHMIDT was with the Reichspostzentralamt Berlin since 1931. His doctoral
thesis was supervised by K ARL W ILLY WAGNER (1883–1953), the founder of the HeinrichHertz-Institut (HHI) in Berlin. The work of WAGNER in speech research influenced the ideas
of D UDLEY on his vocoder [38, p. 48]. In 1937, the Forschungsanstalt der Deutschen Reichspost was founded in Kleinmachnow near Berlin [7, 25]1 , where S CHMIDT worked until the end
of WW II. The well-known author of several textbooks in radio engineering, F RITZ V ILBIG
(1903–1988), was appointed deputy director of the Forschungsanstalt. Two decades later, he
was the co-author of a comprehensive overview on the development of speech compression
systems [39].
Generally, wide-band communication via cables was one of the research fields of the Forschungsanstalt [25]. However, only few documents are left in the archives, and there is no
evidence that S CHMIDT really implemented a device which was analogous to the vocoder [18].
Nevertheless, there is some probability for this. S CHMIDT, who continued to publish about
bandwidth problems [28, 29], summarized on frequency compression in 1967: “The most important and best known invention in this field is the vocoder. [. . . ] It has a predecessor, which
is 7 years older” [30]. This can be interpreted as a concealed pointer to a real device.
The Deutsche Reichspost was also one of the initiators, when the aforesaid Heinrich-HertzInstitut was founded in Berlin [15]. This institute played an important role in the development
of acoustics and communication. In the founding year 1928, the engineer O SKAR V IERLING
(1904–1986) changed to this institute as assistant of the director K. W. WAGNER. V IERLING
was a leading scientist in audio engineering and electronic music [5, 40]. He was appointed
lecturer (1938) and extraordinary professor (1944) at the TH Hannover. During the war, he
headed a secret laboratory in Ebermannstadt, which was specially erected for this purpose as
“Burg Feuerstein” in 1941. Among other topics, systems for the encryption of speech were
investigated there [37].
It is reported that the company Siemens was involved in this development, cooperating with
the HHI as well as with V IERLING’s laboratory. M ANFRED S CHROEDER (1926–2009), who
was an international expert in vocoder technology [32], supposed that Siemens had vocoder-like
systems before the end of the war [38, p. 190–191]. It is also said that fragments of a vocoder
have been found in a Bavarian lake in 1999 [38, p. 194].
Evidently, Siemens was involved in the optimization of the bandwidth requirements in
1

The Forschungsanstalt der Deutschen Reichspost owned a subbranch with the similarly sounding name
Forschungsstelle der Deutschen Reichspost, which secretly supervised communication channels during the war.
Headed by the engineer K URT V ETTERLEIN, the deciphering of the transatlantic telephone traffic of the Allies,
which was secured by the A-3 system of the Bell Laboratories [8, p. 292 ff.], was achieved there [12, 24].
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speech transmission since the 1930s. F ELIX S TRECKER (1891–1951), who was a collaborator
of R ICHARD F ELDTKELLER at the Siemens company in that time [11], described a vocoder-like
system in a conference paper from 1935 [36].
A real fixed-point after so much speculation appears in 1955, when the Siemens company
made a hitherto unknown prototype of a vocoder available for the development of electronic
music. This vocoder got famous in the history of electronic sound production, before it was
given to the Deutsches Museum Munich in 1994 [26, 35].
A research prototype of the channel vocoder was also developed in the eastern part of
Germany in the framework of a thesis at the TH Dresden [22]. The project initiated the research
in speech technology at the later TU Dresden, but it was never included in encryption tasks.
While the production of cryptographic devices was not allowed in Germany in the years after WW II, several developments started in the 1950s. A first official department for encryption
solutions was founded in 1950 as part of the Foreign Ministry (“Referat 114”). It was closed in
1956, when the Zentralstelle für Chiffrierwesen (ZfCH) was founded in Bonn-Mehlem [2, p.
II/293].
In the 1960s, the systems for the different kinds of secure transmission tasks were summarized to the ELCRO family, which consisted of the product groups ELCROVOX, ELCROTEL,
ELCROBIT, ELCRODAT, and ELCROMUX [2]. Among the ELCRO family, the ELCROVOX
series aimed to secure voice communication. The development and manufacturing was originally assigned to the companies Siemens and Telefunken. The corresponding division of Telefunken was later renamed to ANT [4]. The series was started with ELCROVOX 1/0 in 1966.
This system was a combination of an encryption device SB 490 and a vocoder VOC 490, the
latter being delivered by Sennheiser electronic (Figure 2). It was mainly used for secure communication between the German Foreign Office and the embassies until the late 1970s. According
to [23], ELCROVOX 1/0 was a replica of an American system, consisting of the encryption device KG-13 and the vocoder HY-2 (from Bell Labs), which had been introduced in 1961. More
about the American system can be found in [38, pp. 170–173].
Besides, ELCROVOX 1 was applied for military purposes in the NATO Narrow Band Secure Voice System (NBSV-I) [2, p. I/243]. Among the different developments in this series,
ELCROVOX 1/3 should be mentioned because it plays a role in the project F 600, which will
be described later. The piece in the collections of the Museum for Communication Frankfurt
(Figure 3) was produced in 1972.

3

Sennheiser electronic and the vocoder

The personal life of Prof. Dr. F RITZ S ENNHEISER (1912–2010), the founder of Sennheiser
electronic, shows early connecting points with the history of the vocoder. When he studied
Electrical Engineering at the Technische Hochschule Berlin, he used the chance to work at
the Heinrich-Hertz-Institut, where he labored with O SKAR V IERLING in the field of speech
and electronic music. When V IERLING changed to the TH Hannover in 1938, S ENNHEISER
followed him, received the doctorate under his supervision, and replaced him in the lectures,
when he stayed at Burg Feuerstein [5, 34].
The institute was transferred from Hannover to the village Wennebostel after a bombing
attack in 1943. Immediately after the war, at June 1, 1945, F RITZ S ENNHEISER founded here
his “Laboratory W” (with W for Wennebostel, today part of the parish Wedemark).
The cooperation of V IERLING and S ENNHEISER started with electronic music, but during
the war, they worked in the field of encryption. There is no detailed information about this,
because the material at Burg Feuerstein as well as in the institute in Wennebostel was confiscated by the Allies. Nevertheless, the existing scientific contacts yielded cooperation with
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Figure 2. The vocoder VOC 490 as part of the encryption system ELCROVOX 1/0. Photographs of
an exhibit of the Museum for Communication Frankfurt, reproduced with permission. Left: complete
device, front plate removed. Right: one of the channel filters with the Sennheiser logo at the small
transformer.

Figure 3. The encryption system ELCROVOX 1/3 of the Museum for Communication Frankfurt. Left:
c Museumsstiftung Post und Telekommunikation. Right: Partial view on the inteOverall view [23], ⃝
rior, showing the 18-channel vocoder system (probably called VNA 1) with two boards (melody analysis
/ transmitter channels 1–3) partially pulled out; reproduced with permission.

many partners in the post-war times, which resulted in an involvement of Laboratory W in the
development of vocoders [34, p. 23].
An anecdote tells, that S ENNHEISER’s laboratory was involved in the installation of the secure communication, when the German chancellor A DENAUER visited Moscow in 1955. There,
the beginning of diplomatic relations was declared, and the Soviet government promised the return of the German prisoners of war. The equipment was situated in the special train of the
delegation, where four officers served for the secure communication [20, 21].
Laboratory W was renamed to “Sennheiser electronic” in 1958. In the following years,
Sennheiser electronic started the production of the VOC 490, a channel vocoder with 18 channels (Figure 2). It was applied as part of the aforementioned ELCROVOX 1/0, which was
introduced in 1966.
According to the materials in the archives, a first notice of H ANS -J OACHIM G RIESE about
a Vocoder for high noise levels emerged in October 1965. This invention was patented 1968
[13]. F RITZ S ENNHEISER valued Dr. G RIESE, who was also a scholar of V IERLING, as “the
most creative collaborator of that time” [34, p. 255].
In the 1970s, Sennheiser electronic was engaged in research projects concerning the vocoder,
which will be explained in the following section. However, the company finished all activities
for the application of vocoders in encryption systems in 1977. It was apparently desired, to
summarize the experiences from many years of production of analog channel vocoders, result38

ing in the design of the VOC 493. A complete documentation in the archives of the company
tells that VOC 493 is designed as a part of a speech encryption system. The vocoder consists of
14 printed circuit boards in European format (100 × 160 mm2 ), a tub-like wiring and a board
with two balancing transformers. The spectral range covers 200 Hz . . . 6500 Hz and is subdivided into 18 channels. The melody range is 77 Hz . . . 500 Hz. One data frame needs 49 bits.
However, we do not know whether this final design was ever applied in a real system of the
ELCROVOX series.

4
4.1

The R&D projects of the 1970s
Participation in the project F 600

At the end of 1970 or in the beginning of 1971, F RITZ S ENNHEISER was informed about
a project idea, concerning the development of an improved vocoder with minimized bit rate.
While the existing encryption system ELCROVOX 1/3 worked at 1800 bit/s, the new system
should cope with a bit rate of 600 . . . 1000 bit/s, whereas the speech quality should not be worse
than that of the existing system. The project was called “Frequenzkompressor 600”, where
“600” indicated the ultimate goal for the bit rate. It was subdivided to three project partners and
started in the middle of 1971. The results are summarized in four research reports, dated from
December, 1971, to June, 1973.
It was the project part of Sennheiser electronic, to reduce especially the bit rate of the
melody code. As already mentioned, the melody extraction is the most complicated task when
designing a channel vocoder. The Sennheiser vocoder VOC 490 used originally a method which
was internally called “analog melody”, which applied a controlled, slanted lowpass filter for the
extraction of the fundamental frequency. Another method, called “digital melody”, counted
the time between two zero crossings of the pitch signal by means of quartz generated pulses.
These methods are summarized in the monograph of W. H ESS [16]. Because the “digital
melody” led to more reliable measurements, it was introduced in practice. Apparently, existing VOC 490 systems were upgraded with the new method and were then called VOC 490A.
One of the devices in the collection of the Museum for Communication in Frankfurt [23] is
provided with a notice that the upgrade was performed in 1973. The museum owns a separate
switching unit, which allows the connection of the encryption unit SB 490 with either VOC 490
or VOC 490A. A later channel vocoder system, which was similar to VNA 1, but equipped with
“digital melody”, was called VOC 491.
A vocoder of even this type was used by the Sennheiser team to optimize the melody
analysis in the F 600 project. Most important, the experiments moved partially to a digital
computer. A computer of the type ERA GA 18/30 from General Automation was installed at
Sennheiser electronic at the end of 1971. This type of computers was compatible to the IBM
1800 Data Acquisition and Control System (DACS), a typical early process controller which
was equipped with D/A and A/D converters [19]. The availability of this computer enabled
to investigate software solutions for digital filters, cepstrum and LPC methods and others. The
programs, normally written in Fortran IV, were far from real time, but encouraged the developers
to concentrate to the goal of a fully digital vocoder.
4.2

SK 1 – the digital vocoder

With the start of the second half-year 1973, Sennheiser electronic was granted with a new
project “Simulation of a new channel vocoder”, abbreviated as SK 1. It aimed to a detailed
investigation of a digital implementation. The computer ERA GA 18/30 continued to be used.
The results were collected in 10 research reports, the last of them appearing in March, 1977.
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The first approach included the transfer of the classical vocoder structure into equivalent
software. The receiver part was implemented not only in time domain by means of stored
impulse responses of the filters, but also in frequency domain with a digital third filter bank,
the channels of which were (in the medium range of the frequency scale) similar to the hitherto
used mel filter bank. For the transmitter part, the spectral features of a VOC 491 system were
calculated via FFT, but the melody features were still taken from the VOC 491 hardware. The
results were more or less satisfactory, but a reliable software implementation of the melody
analysis was still missing.
Because the complex FFT spectrum was available, experiments were started to transfer
either the complex spectrum or suited speech parameters, which could be extracted from the
spectrum. Following several other experiments, the 6th research report from December 1975
directs the focus to formant parameters.
This decision was heavily influenced by the results of a meeting in Stockholm at the KTH
institute of G UNNAR FANT in 1974. Most likely, this information means that researchers from
Sennheiser electronic took part in the international Speech Communication Seminar, which was
held in the Royal Institute of Technology at April 1–3, 1974. According to the proceedings [9],
leading experts of the vocoder technology had been among the speakers.
There were two reasons for switching to formant based principles. At first, it seemed unlikely that the limited speech quality of channel vocoders could be further improved. Secondly,
this existing quality was achieved for broadband speech, but could not be maintained for narrowband (standard telephone) speech, which was required, however, according to the customer.
Clearly, the description of voiced speech by a set of formant frequencies and bandwidths offers a very effective parametrization. This was successfully utilized in early speech synthesizers
mainly by G UNNAR FANT (1919–2009), who had developed the formant synthesizers OVE I
(1953) and OVE II (1961) [10]. Therefore it seemed natural to apply a formant synthesizer as
the receiver part of a vocoder. However, this solution required the extraction of the formant
parameters at the transmitter part of the vocoder in real time, which was very complicated with
classical analog components [31]. This situation changed rapidly with the introduction of digital processing, and a first approach of a computer-simulated formant vocoder was published as
early as 1963 [3].
The software implementation of the formant vocoder in the framework of the project SK 1
was performed from 1975 to 1977 with growing quality of the synthesized speech. The final
architecture is shown in Figure 4, which may be elucidated by the following details:
• The complete algorithm is based on the magnitude spectrum of a speech frame, which is
calculated by FFT. It is also used for the signal/pause and the voiced/unvoiced decision; for
the latter, the relation of the signal energies of the upper and lower bands, resp., is considered.
• For voiced frames, the magnitude spectrum is “harmonized”, which means, that it is reduced
to the harmonics of the pitch (the “melody frequency”). The pitch is estimated by analyzing
the spectral periodicity. Adjacent spectral lines are merged by parabolic interpolation. If a
line does not fit the harmonic structure, it is considered as a distortion.
• Three formant bands are selected from the harmonized spectrum. The estimation of the
formant parameters (central frequency, bandwidth, amplitude) is basing on its modeling as a
resonance curve.
• The treatment of unvoiced frames is similar to the channel vocoder, i. e., the energy in a
number of frequency bands is calculated from the FFT spectrum.
• The receiver reconstructs the line spectrum from the formant information for voiced frames
or from the channel information for unvoiced frames. For each line, a sinusoidal signal is
provided, and all these signals are finally summarized. In the case of unvoiced frames, noise
is introduced by a random conversion of the signs.
40

Figure 4. Flowgraph of the Sennheiser Minivocoder. Reproduction of the original graphics from the
research report on the Minivocoder from 1977, except that the German inscriptions have been translated.
The previous Sennheiser digital vocoder SK 1 followed the same software architecture, but the sampling
c Sennheiser electronic.
frequency was twice as high. ⃝
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4.3

The Sennheiser “Minivocoder”

As already mentioned, the Sennheiser company finished the activities for the application of
vocoders in encryption systems with the end of the SK 1 project. The experiences in digital
vocoders had been saved for potential future applications as the “Minivocoder” in a research report, which is dated at the end of 1977. There were two essential differences compared to SK 1:
the software was now running at the more modern, very popular process controller PDP 11, and
the sampling rate was lowered from 16 kHz in SK 1 to 8 kHz, because the Minivocoder was
intended to process narrowband speech (300 Hz . . . 3400 Hz), which resulted in 128 samples
per frame of 16 ms. Apart from this, the software architecture followed completely the structure
of SK 1 (Figure 4).
The report is finished by an assessment of the computing expenses of the digital vocoder.
The analysis of the developed software was performed for the worst (lowest) case of pitch,
which was assumed to be 75 Hz. Then, a voiced frame required 103,901 operations, whereas
an unvoiced frame needed only 44,783 operations. These numbers were too big for real time
processing with the computers of that time, but the authors recognized the chance for a digital
hardware solution, mainly due to the growing availability of special processors, which could
perform the FFT very quickly.

5

VMS 201 – an application for entertainment

The commitment of the Sennheiser company in the vocoder technology had a final phase, in
which the know-how was applied to the entertainment industry with allowance of the former
contracting authority. A new “Sound Effect Vocoder” VSM 201 was presented at the 1977
conventions of the Audio Engineering Society in Paris and New York [1] and in a conference
paper by H.-J. G RIESE and E. W ERNER [14].
VSM 201 was a channel vocoder with 20 channels (100 Hz . . . 8000 Hz), which could be
manually controlled in several ways. The pitch extraction was omitted, because the excitation
signal was typically introduced from external sources. The application was supported by the
renowned film composer H EINZ F UNK (1915–2013), who not only sold the vocoder, but also
used it in his music productions2 . The device was listed in the catalogues of the company
until 1981 [33]. Due to the pure analog construction, it showed a rather big number of control
elements, which were not easy to handle, thus limiting the application to a small number of
specialists in electronic music [34, p. 246].

c Sennheiser electronic.
Figure 5. The Sennheiser “Sound Effect Vocoder” VSM 201. ⃝
2

A presentation of the VSM 201 combined with the MOOG synthesizer by H EINZ F UNK in a ZDF video clip
from 1978 is available at YouTube: https://www.youtube.com/watch?v=FLljyZ2ojbA (verified May
05, 2017). F UNK also developed two demonstration tapes for the VSM 201; a copy of the second one from 1979
is preserved in the Sennheiser archives.
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6

Conclusion and acknowledgements

Vocoders have a long history, ranging from the first attempts up to sophisticated solutions in
voice codecs. Due to the proximity to secrecy applications, the history of vocoders has still
numerous gaps. This work closes one of the gaps due to the availability of documents in the
archives of Sennheiser electronics, which are analyzed here for the first time.
This paper gives rise to remember Prof. Dr. W OLFGANG N IEHOFF (1945–2013), who
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talk at DAGA 2011 [18], he informed first author of the contributions of the Sennheiser company
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work.
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