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old. Nor has this line of thought been

in the scientific conversation. T i

research has always had in important voice
s/associated with playing music has often lead
to important developments in eng ntly, early musical automata are often cited in
histories of programmable ndachi umanoid and biomimetic robots; of certain types
of actuators; and of the relatio ps between technology and society. An overview of the long
history of musical automata helps“eontextualize current work in the field, and helps pinpoint those

research approaches hic}:fc?_ulﬁ‘hxt g

js of mechanical bellows. The ancient history of mechanical instruments
still, if we consider predecessors to the organ, such as the bagpipes or aeolian
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harp, to be ‘mechanically’ wind-fed. In the first few centuries BCE, the Greeks laid the foundations
for the fields of Hydrostatics, Pneumatics, and Hydraulics, which together provided more sophisti-
cated means of supplying energy to a wide variety mechanical devices, including musical automata.

One very famous example from the 1st Century AD, is the altar organ in Section 77 of Hero’s Rnefi-
matica (of Alexandria, n.d.), which is fed air via a windmill-driven piston, although a huma

/
N

thinking about such devices. These humanoids are perhaps worthy ofsseparate consideration, and
shall form the bulk of the following discussion.

r
2.1 Archimedes l >
In the 3rd century BCE, Archimedes, the father of hydrostatics,in&&@(‘jtyﬁrst known humanoid
musical automaton. Although his original treatise does n(zfs/ iveyhisideas are preserved in later
Arabic translations (Archimedes & Apollonius, n.d.)(Arc ir@a ;j@%). This treatise describes a
very large and elaborate clepsydra (water clock). The bas\'Kp;'r11 _;;f/éf a water clock is that water
te~until the

cistern is empty, and this can
uldbe measured with a simple graduated

power complex mechanical devices which show ‘the passage of time. In Archimedes’ clock the
falling water drives a water-wheel whic:/ﬁ\_% an figuripe of an executioner with a sword slowly
forward along a track, past figurines of s e@f@r&i prisoners with hinged heads. Every canonical
hour, the executioner knocks th d otJ one oft isoners, so the time may be read by counting
the beheaded figurines. This clo ny @ther elaborate devices including that shown in

cylindrical syphon. After water fa ough the other mechanisms in the clock, it is collected in the
top chamber of the ci tern@ce\ﬂ\%e atep’in that chamber has reached the top of the siphon, which
will take 12 canonical 18, t%\wa r will be syphoned into the lower chamber. As that happens,
the air in the lower chambek.is e u?.ed out through the tube and, subsequently, the whistle. This

i at, according to the author, can be heard from a ‘considerable
distance’. The whistle si the clock’s main water reservoir is empty, and must be manually
is now at the bottom of the flute cistern.

that have t
birds have-their own history, which perhaps culminates in the Parisian music-boxes of the 19th
century although they will not be discussed further in the present history.
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wered devices (of Alexandria & Bennet, 1851). This treatise contains several automatic
birds and musical devices, operating on similar principles as those described by Archimedes.
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(a)

Figure 1. (a) Archimedes’ flute-playing autophaton,

Source: (a) British Museum MS23391 f. 20 v. (Archinie A ius, n.&), (b) (of Alexandria & Bennet, 1851) p. 71.
Note that the figure in Woodcroft’s source manuscript (of ‘Alexardria, n.d: 6 1. shows only the base and not the figure

ute-playing automaton.

a trumpet stands on top of a hemi
trumpet to the interior of the he&%

bottom. The pedestal (and

phere) are filled partially with water. A person
fo.the pedestal) by blowing into the bell of the trumpet.
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2.4 Banu (Sons of) Musa

The instruments discussed in the previous st
obscure work entitled “The Instrument which Pl
Muhammad, Ahmad, and al-Hasan, sons o
lation is given (Farmer, 1931)!. Air is conti
that of Apollonius, but which al

from whichever chamber is cur&

by the famous 9th century scientists
bes a machine that does this, and a trans-

s of the flute are covered with little hinged flaps
. d\by levers. The levers are connected to a notched bar-
rel, similar in constructlon to tho imbarrel organs or modern music boxes. The barrel spins
: wheel, and when a raised notch on the barrel comes into
ille ap oir'the corresponding finger-hole to be opened. The authors

arrel of large'enqugh diameter to contain several repetitions of one melody in a
half rotation, and seyerabrepetitio
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to make new melody barrels (through an unclear process). This is an interesting predecessor to early
20th century audio recording techniques.
The Banu Musa automaton is often cited (e.g. on the internet) as being the first programmable
machine. This appears to be made on the misunderstanding that the barrel which drives the firigefs

is fitted with movable pegs. In the text, the authors describe the barrel as being smooth and-havi
notched rings (one for each finger) fitted over it. My reading of the text is that the rings an
permanently affixed to the device, and the authors make no mention of them being mani
construction. On the other hand, this does appear to be the first recorded use ofa pe;
which subsequently becomes the standard controlling mechanism in music

appears to be the first automata that is capable of playing complete pie
to single tones. It should also be noted that another book by the Banu

it seems to be commonly confused with the similarly-named bégk al-Jazari, to Be discussed

presently.
1/

e >

In The Book of Knowledge of Ingenious Mechanical Device w}}%{, %), al-Jazari describes
several musical automata, including what seem to be the e}rﬂi} descriptions of mechanical percus-
sionists. Of particular interest are a number of percussiopn %\ﬁhapter 2 of Category I (the
Water Clock of the Drummers) describes a large and elafgiﬂi psydra (clock) which contains,
amongst other things, two cymbalists, two drymmeps with.generic dfums slung over their shoulders
and played with curved sticks, and one seated with.two kettle-drums and curved sticks.
The main illustration is shown in Figure 3(a).

On every hour, ‘the musicians perform with a us sound which is heard from afar’. The
two generic drummers and two cymbealists” ar¢’ woode
body, and one hollow leg. A copper cablé is/attdched to the moveable part of the arm, and is threaded
through the interior of the body/and leg We chamber below. Pulling on the cable causes
the arm to raise, and releasing it it to fgﬂ and strike the drum, or the cymbals to clash. The
kettle-drummer is similar eX arms are moveable. Within the hidden chamber below,
the copper cables are tied to leéve Y
which press down upon and_subseég release the levers, causing the drummers to play. The
construction of the
used in all of this

2.5 [Ismail ibn al-Razzaz al-Jazari

mnfers is\shg\;v
thox!s perc\us\sio instruments — “Since two of the three ends of the pegs are

twa figurines holding trumpets. However, the trumpets are props which do
nd /dr/e figurines share a single sound-producing mechanism which is hidden

not prod >

underfoft. Tmfr&r{lanism is essentially an ad-hoc, copper, jar-shaped whistle (with no ball) whose

construction is described in detail in Chapter 1 of Category 1. Air is supplied to it using the same
S

principie u -b@/rchimedes, as is depicted in Figure 3(b). This artifice is used in all of al-Jazari’s

balist, generic-drummer, kettle-drummer, and two trumpeters with similar construction
eration as above. Chapter 3 of Category II describes an amusement device for drinking parties
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chamber fills the air is expelled out through
of water, a syphon drains it.

Source: (a) (al-Jazari, 1315) This irta
collectors:

g an qdd two-sided drum held in the lap). These are made of jointed copper.

ar as\above) with the following exceptions: The tambourine player’s arm has
vhat differently; The interior of the flute player’s arm contains a
ifferent construction than elsewhere, and the entire contraption is

those were good times)! The lute player has a moveable arm, but it
tually makes contact with the lute, or if it just moves the arm for show.
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(a)

Figure 4. (a) Kircher’s hydraulic organ; (b) Kircher’s
Source: (Kircher, 1650)

so two pegs are fitted close to each other opposite thi at the movement of the hand gives
e pegs are configurable. Wikipedia
med ‘more than fifty facial and body

continues “...the automata were a ‘robot band’ v
S untrue on all counts. Al-Jazari’s text is

actions durlng each musical selection’ ”
clear and technically precise and compre

body actions in the musicians beyond t e moyement of the arms. Unfortunately, claims of
this nature have been repeated a ed ae eam, and many articles that cite primary sources
have clearly copied false clairhs i ad other blogs.

The Book of Knowledg
perpetual flutes, in the manner o
altematlve mechamsms fore

whom al-Jazari cites by name. They provide several
o alternately fill and drain from two chambers, all driving
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mediately copied by others such as Gurk (pre-
aelzel’s contained 7 ranks of pipes imitating

Paris in 1807) (Anon, Samedi
miered in Germany in 1810).(Or

¢’subsequently orchestrated version is his Opus 91) in
aelzel (Schindler, 1966). This appears to be the first
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agreed with the finer points of his analysis (Quantz, 1752), Chapter IV Section 14). The automaton
itself was biologically-inspired, and informed by this analysis. The embouchure had four degrees
of freedom plus a tongue for musical articulation; the fingers were covered in leather to imitate
softness of human skin.” The automaton had three sets of bellows, each driven by different weighfs

via cables to levers that rested on a pegged cylinder, similar to that in the Banu Musé
modern music boxes or barrel organs; the entire device was presumably wound up v

this task, and this appears to be the first instance in history of a machine with the ability to produce
music that would be too difficult for a human to produce. It can gtrike d with a variety of
velocities, and play a variety of strokes and rolls, but no further in@s ovided on how this
worked. - /

3.2 Keyboard Automata {/ng\’
In the 1760s and *70s, the Swiss clockmaker Pierre J acquw several remarkable and very

famous automata, amongst which is a figurine which pla reed organ; the organ is func-
surine’s hands depresses the keys. In 1784,
. to/that plays hammer dulcimer, which
they subsequently presented to Queen Marie Antorhette.“Both automata still exist and function, and
videos of them are widely available® 4. Inpéu e 18208, another Swiss clockmaker, Henri Mail-
lardet created several automata which wer¢ stfongly Enspired by those of Jacquet-Droz. Amongst

them was an organist automata@ch 18 describe (Brewster, 1832) s.v. ‘Androides’ (vol II p.
or

61) and an exhibition adverti men*d@ -Hume, 1973).

3.3.1 Marreppe’s Violinis 37 account of a remarkable violinist automaton appeared in

(Anon, December 377) -'Fh%h e-size automaton, built by one Mr. Marreppe, was evidently
C n{eia/i;}y in Paris. It played virtuosic music that was compared to that
0

3.3 Miscellaneous

Unfortunately, all.further' information about this automaton seems to be lost.

%Siuﬁnann In 1810, the German and eventual orchestrion manufacturer Friedrich
t 3 musical automaton which holds a trumpet. Within the automaton is a 12-note reed
hich exits through the trumpet, creating a trumpet-like sound. An article in the
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August 1950 edition of Mechanix”l
it was the first robot in hist i

3.4 Manzetti

p nethed. As such, it was structurally similar to Vaucanson’s automata. However, in the
d es, Manzetti made a number of important and novel improvements. First, he wanted

it to be sapable o

W- ://www.deutsches-museum.de/en/exhibitions/communication/computers/automata/

10
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by the flute automaton. This was probably the first pneumatically actuated automaton, as well as the
first distinct use of a musical controller. These improvements also remove the flautist from a strict
definition of ‘automaton’; although it still carries out complex actions automatically (e.g. fingeri
and tonguing), it does so only in response to a human’s actions. This represents a marked dep
from previous musical androids, as it puts the focus on the interaction between the huma

operated the bellows, although in 1866 Manzetti built a battery-powered air pump,
first of its kind, making this the first known electrically-powered automaton. The flauti

harmonium to control the organ in the cathedral. This may be the
performance.

4. Conclusion Q

Many current trends in musical robotics have had long histori %hé&his ries often provide re-
markably succinct solutions to tricky problems in the desig/ﬂ/:l w/musical robots. The history has
explored actuation strategies, materials selection, the mec an@? sical instrument playing, the
beginnings of human-robot interaction, and other pertinent to rrent work in robotic musi-
eraction and musical exchange,

improvisation, and the mechanics of the subtler asp ic continue to expand this work.
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