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Abstract 
 

Antikythera Astronomical Device, the oldest calculator with 
multiple-functions, is driven by gear trains with five 
subsystems. The authors synthesized four feasible 1-DOF 
designs of the lost mechanisms for interior planetary motions 
by a systematic design procedure. The optimal teeth design 
corresponding to the simplest structure is presented. To 
compare the ancient astronomical theory, the peak errors 
respectively for Mercury and Venus are about 0.227 and 0.365 
days. It is proved strongly that the reconstruction designs 
generated by systematic synthesis procedure are feasible. 

 
Key words: Antikythera astronomical device, 1-DOF 
reconstruction design, Optimal Teeth design, Lost ancient 
machinery 

  
Introduction 

     
A mechanical calculator is an analogic mechanical device 

with the operation of basic arithmetic. The well-known type of 
mechanical calculators by B. Pascal was invented in 1642, and 
then the historical development of these devices began at the 
17th century [1]. Actually, based on the definition of 
mechanical calculators, the Antikythera mechanism discovered 
in 1900-01 as a group of fragments should be the oldest one for 
astronomical calculations. This mechanism survived in Greece 
about 87 - 205 B.C. and was suggested to be connected to the 
school of Archimedes. The Antikythera mechanism is 
composed of gears. The manufacturing standard of mechanism 
is almost consistent to Dondi’s astrarium, but it is earlier more 
than 1600 years. For such kind of geared devices, the historical 
development is blank in the time period between these two 
mechanical devices.  

Through the decoding of modern research, the multiple 
functions of Antikythera mechanism were resolved. By the 
calculation of inner gear trains, this mechanism could indicate 
the positions of the Sun, the Moon and five planets in the 
Zodiac; demonstrate the moon phase; predict the eclipses; and 
compute the calendrical cycles based on the assigned date (the 
input). And, the inner gear trains should be demarcated into 
five subsystems in accordance with the defined functions and 
the concepts of mechanical designs, as shown in Fig. 1. The 
date subsystem and the eclipse prediction subsystem are 
confirmed. The mechanical elements of lunar subsystem are 
verified but with an unclear pattern in the axial center of gears. 
The surviving gears of calendrical subsystem are incomplete. 

The solar subsystem and the planetary subsystem are 
completely lost. 
 

 
Fig. 1  Available reconstruction design by AMRP [2-3] 

 
In this mechanism, the planetary subsystem generates the 

calculations of planetary motions. The corresponding 
mechanical design should follow the astronomical cycles and 
theories known at that time. Focusing on the lost structures, the 
designs of ancient machines with similar functions should be 
considered. Because of the inheritance of techniques and 
knowledge, the machines could be related to the design of 
Antikythera mechanism. Following this viewpoint, the feasible 
designs of the lost planetary subsystem were reconstructed. 
And, the teeth calculation is presented by checking the 
surviving evidence for other subsystems. In fact, the feasible 
results of reconstructed teeth are numerous based on the teeth 
relations. The reconstruction work of teeth should be 
systematically analyzed to avoid the meaningless computing. 
Here, this paper presents an optimization procedure of teeth of 
1-DOF reconstruction design. In accordance with the 
concluded design constraints and objective functions, the 
optimal teeth combination for the designated conceptual design 
is concluded. 

 
Historical Development of Reconstruction Research 

     
Antikythera mechanism attracted several scholars from 

different research fields since its reappearance. In 1902, 
Valerios Stais, the director of the National Archaeological 
Museum of Athens, discovered the sophisticated mechanism 
hidden in the excavation. In 1905, Rhem was the first man to 
define the mechanism as an astronomical calculator. But, 
Rediadis claimed that the mechanism should be an astrolabe for 
measuring the altitudes of stars in 1910 [4, 5].  

In 1974, the first reconstruction design with a complete gear 
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