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Summary

Bellinzona lies at the foot of the Alps, stretch-
es along the river valley. It is surrounded by the 
southern ranges of the Lepontine Alps to the 
east and west, and by the Lugano Pre Alps to 
the south.2 These unique geographical char-
acteristics give Bellinzona a special landscape. 
However, the focus of tourists and visitors in 
Bellinzona is mostly on the ground level, the 
history buildings, the three historical castles. 
Those are what considered being valuable in 
Bellinzona. One thing that has been forgotten 
is the opportunity to view the characteristics of 
the local landscape on the top of mountain. Be-
cause Switzerland has a special landscape, the 
higher altitude provides a good opportunity to 
observe the sky, which is also a beautiful natural 
characteristic. This could be an opportunity to 
add a new function to Bellinzona.

The Graduation studio “Interactions” is about 
interactions and knowledge exchange, which 
gave the opportunity to design a building that 
conveys knowledge. Amazed by the night sky 
full of stars and special landscape in Bellinzona, 

I chose to design an astronomical observatory 
that conveys astronomy knowledge and create 
a connection again with nature. 

This project is about observing the surround-
ing environment in Bellinzona by an astronomi-
cal observatory design. In order to achieve this 
goal, research has been done to analyse the 
development of astronomical observatories 
and explores the role of typology in the devel-
opment of the observatory and aims to clarify 
the architectural expression of an observatory 
design in Bellinzona. As a result, applying the 
findings from the research in the new astronom-
ical observatory design.

The observatory design is done with the help 
of literature study and existing astronomical ob-
servatories. This project is designed to provide 
knowledge about astronomy and a platform to 
observe the sky and landscape. 
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This report is done at the “Interactions” graduation studio of the University of Technology in 
Eindhoven. This graduation project is divided into a research and a design part. The research 
explores the role of typology in the development of the observatory and aims to clarify the 
architectural expression of an observatory design in Bellinzona. The observatory design is the 
result from the research. The team of mentors consists of prof.dr, Bernard Colenbrander, ir. 
Wouter Hilhorst, Ir, and Renato Kindt.

Xinxin Piao 
Eindhoven, June 2016

Preface
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Part 1
Introduction
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Introduction

From the beginning, man has been fascinated 
by earth’s mysteries. What makes a fire burn? 
Where did life come from? How do stars move 
in the sky? In an effort to answer these ques-
tions, to take one step closer to the truth, we 
have scoured the earth from every part with our 
tools of science. All in an effort to understand 
our world, to understand why things happen the 
way they do. 

At first people considered the sky itself was the 
place where a God lived. Only the last three 
centuries there has been a differentiation be-
tween religion and cosmology.1 Besides this 
religious and astrological meaning, astrono-
my also served a practical purpose. Calendars 
that based on stars gave reliable information 
for planting crops or performing a ceremony. 
What’s more, the stars were important for navi-
gation on journeys. Astronomical observatory is 
a matter of scale: it functions as the connection 
between man and the immensity faraway gal-
axies and it transfers the universe into a single 
room.

The Graduation studio “Interactions” is about 
interactions and knowledge exchange, which 

gave the opportunity to design a building that 
conveys knowledge. Amazed by the night sky 
full of stars and special landscape in Bellinzona, 
I chose to design an observatory that conveys 
astronomy knowledge and create a connection 
again with nature. It re-establishes the ancient 
connection between man and landscape. This 
leads to the main question of this project:

 “How to design an observatory to provide 
knowledge about- and observe the characteris-
tics of the local environment? ”

In order to answer these questions a theoreti-
cal research has been done prior to the design. 
This part goes into the relation among typology, 
astronomy, cosmology, and the role of typology 
in astronomy observatories’ development. Re-
lated samples are studied. The development of 
functions housed in these samples are studied. 
Next to each part of research, different attitudes 
toward the design are decided. Finally, the last 
part includes the result of the research, which is 
a new astronomical observatory design.
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Motivation

Bellinzona lies at the foot of the Alps, stretch-
es along the river valley. It is surrounded by the 
southern ranges of the Lepontine Alps to the 
east and west, and by the Lugano Pre Alps to 
the south.2 This unique geographical charac-
teristics give Bellinzona a special landscape. 
However, the focus of tourists and visitors in 
Bellinzona is mostly on the ground level, the 
history buildings, the three historical castles. 
Those are what considered being valuable in 
Bellinzona. One thing that has been forgotten 
is the opportunity to view the characteristics of 

the local landscape on the top of mountain. Be-
cause Switzerland has a special landscape, the 
higher altitude provides a good opportunity to 
observe the sky, which is also a beautiful natural 
characteristic. This could be an opportunity to 
add a new function to Bellinzona.

The aim of this project is to design an astro-
nomical observatory, which provides knowledge 
about astronomy and a platform to observe the 
sky and landscape.
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Figure 1. Overview of the landscape of Bellinzona
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Part 2
Research Method
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In order to answer the research question and 
sub-questions, a research including a list of 
chosen observatories needed to be analysed 
regarding developments of observatories, ty-
pology, relationship between astronomy and 
observatories and so on. 
 
The research consists of four parts. The first 
part is a literature study and case study to gain 
knowledge about the development of obser-
vatories. Case studies were selected to investi-
gate the formal development of observatories 
and the development of functions housed in 
the observatories. Literature about the history 
of observatories is also needed for the analysis 
of developments of observatories. 

The second part consists of a list of case stud-
ies for analysing the typology, form, proportion 
and expression of observatories. This part uses 
type to analyse the development of observato-
ries, and to research about the origin reasons 
that cause the changes. Observatories were an-
alysed in three accepts, which are form, propor-
tion and expression. 

Thirdly, a literature research about the relation-

ship with astronomy and ancient observatories 
is made to gain knowledge about how ancient 
observatories were designed according to the 
knowledge of astronomy. This part is not only 
about the relationship between architecture 
and position of the stars, but also about the cul-
ture, symbolism and religious behind the design 
philosophy.

The last part is a literature study about mean-
ings of stairways in ancient observatories. In 
many ancient observatories, stairway plays an 
important role in the building. Stairways are 
both functional and non-functional elements in 
ancient observatories. 

Sample selection
As this research revolves function analysis of ob-
servatories, it is understandable that observato-
ries were chosen on the availability of a building 
plan, because the building plan corresponds to 
the building form and functions. In figure 2, all 
41 observatories from ancient to modern were 
shown. It was ideal to have a diverse samples 
of observatories, varying form the oldest, most 
professional to small amateur observatories. 
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Stonehenge, 2000BC-3000BC

Great Pyramid of Giza, 2580-2560BC

Chankillo, 300BC

Temple of the Sun in Teotihuacan, 200

Chomsongdae, 634

El Castillo, 700-900AD

El Caracol observatory, 700-900AD

Gaocheng Observatory, 1276

Ulugh Beg Observatory, 1428

Machupicchu Observatory, 1440

Uraniborg, 1581

Leiden observatory, 1633

Jantar Mantar, 1735

Radcliffe observatory, 1771

Copenhagen observatory, 1780

Dunsink observatory, 1785

Göttingen observatory, 1816

Observatory of Strasbourg, 1882

Astrophysical observatory, 1879

Lick observatory, 1888

Yerkes Observator, 1897

Helwan Observatory, 1903

Mt Wilson observatory, 1917

Palomar Observatory, 1928

Sphinx Observatory, 1937

Dr. A.F. Philips Observatory, 1938

McDonald Observatory, 1939

Kitt Peak National Observatory, 1958

Big Bear Solar Observatory, 1969

Las Campanas Observatory, 1969

Mauna Kea Observatories, 1970

Nicholas U. Mayall telescope, 1973

Astronomical Observatory, 1973

W.M. Keck observatory, 1996

Nyrölä Observatory, 1997

Very Large Telescope (VLT), 1998

Gemini North observatory, 2000

Dekalb observatory, 2004

Hankasalmi Observatory, 2005

Atacama Large Millimeter Array, 2005

Kielder Observatory, 2008

Figure 2. Overview of selected observatories
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Part 3
From research to design
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In ancient time, people went to a high place 
to observe celestial movement in the sky. They 
used alignment between observatories and ce-
lestial bodies to tell direction and time. Later 
on, instruments such as the transit, zenith, and 
meridian were invented; people used these in-
struments to observe the sky to tell the position 
of celestial bodies. However, these instruments 
were not frequently used after the telescope 
was invented, because positions can also be 
measured with telescopes. At first, only small 
portable telescopes were used for observation. 
Onward, telescopes were mounted on piers in 
order to have a better measurement without vi-
brations and irregularities. The separated solid 
pier leads to separate instrument rooms, which 
results in differentiation of the program.3 With 
the development of optical technology, the de-
signs of observatories vary as well. 

Different kinds of observatories
Because of variation in sizes and different use 
of purposes of observatories, there are three 
different kinds of observatories: profession-
al observatories, educational observatories, 
and amateur observatories. Most professional 
observatories were run by organizations and 

institutes. Educational observatories normal-
ly belong to universities and organizations. At 
first, professional observatories were the same 
as educational observatories. But, professional 
observatories move to remote locations search-
ing for better observing conditions. Education-
al observatories are generally in between pro-
fessional and amateur observatories regarding 
sizes and functions. Amateur observatories are 
constructed and organized by amateur citizens, 
situated close to the city. Nowadays, many am-
ateurs start to build their own observatories in 
their backyards, which are cheaper and smaller.

Function
In ancient time, the function of an observatory 
needs to fulfill the demand of observing celes-
tial bodies in the sky and religion activities. Thus 
the main function of observatories in ancient 
is the observing deck. After telescope was in-
vented, more spaces are required to house the 
instruments. Onward, more functions emerged 
to include more activities. In this part, a list of 
observatories is chosen for the function analy-
sis, as shown in figure 3. Different functions are 
divided over three kinds of observatories (pro-
fessional, educational, amateur) in figure 4, so 

The development of observatories
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Figure 3. Overview of selected observatories for function analyse

Professional
Uraniborg, 1581

Radcliffe observatory, 1771

Copenhagen observatory, 1780

Dunsink observatory, 1785

Göttingen observatory, 1816

Astrophysical observatory, 1879

Nicholas U. Mayall telescope, 1973

W.M. Keck observatory, 1996

Gemini North observatory, 2000

Leiden observatory, 1633

Observatory of Strasbourg, 1882

Lick observatory, 1888

Mt Wilson observatory, 1917

Palomar observatory, 1928

Dr. A.F. Philips Observatory, 1938

Nyrölä Observatory, 1997

Dekalb observatory, 2004

Hankasalmi Observatory, 2005

Kielder Observatory, 2008

Educational Amateur
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the developments of functions accommodat-
ed by the observatory are shown with respect 
to time. Some functions are introduced, some 
abandoned and some still exist. 

As shown in figure 4, over the centuries, the pro-
grams of observatories have expanded; many 
new functions are introduced such as the library, 
offices, and lecture room. It is clear to notice 
that the functional core of the observatories 
contains the observing room, observing terrace 
and lodgings. However, these three functions 
do not exist in professional and educational 
observatories any more. Instead, the observing 
room evolved over centuries into the telescope 
room, and situated at the highest point in or-
der to have an open view of the sky. Some func-
tions like the library and the lecture room are 
no longer present in professional observatories, 
but play more important roles in educational 
observatories. Another example is the lecture 
room, which was abandoned from the profes-
sional observatory and adopted by educational 
observatories. Later on, amateur observatories 
also introduced lecture room to educate the 
local community. Same goes to the observing 
terrace, is introduced in amateur observatories 
later. An explanation for this could be that in-

struments became cheaper, and then people 
are able to buy their personal equipment. This 
activity needs a place to set up their equipment, 
which leads to reintroduce the observing ter-
race.  

Location
Location is crucial to astronomical observato-
ries because observing celestial bodies in the 
sky are sensitive to environment factors. In the 
second half of the twentieth century the choice 
for location became more critical, especially for 
professional observatories. The characters of 
the best site were dark skies, many clear nights 
per year, dry air and at high elevation, such as 
mountaintops. However, most educational and 
amateur observatories couldn’t fulfil these re-
quirements, because these observatories need 
to be located closer to people. Many educa-
tional and amateur observatories were built 
in parks, on the outskirts of the city or on the 
edge of a forest.3 Because vegetation could di-
minishes changes in temperature between the 
observatory and the surroundings, which serves 
as a buffer for disturbances. For example, the 
Dr. A.F. Philips Observatory, built in 1938, was 
located in parks; the Leiden observatory, built 
in 1633, was combined with botanical gardens.

2000

1900

1800

1700

1600
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Figure 4. Function analyse of different kinds of observatories
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Sub-questions:

What kind of observatories it is? Is it a professional, educational or amateur 
observatory?

How to program an observatory?
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This step is to define the kind of the new as-
tronomical observatory design and to figure 
out the right function and location for an ob-
servatory. This will provide answers on two 
sub-questions:

What kind of observatories it is? Is it a profes-
sional, educational or amateur observatory?
How to program an observatory?

Due to the graduation studio “Interactions” is 
about interactions and knowledge exchange, 
the new astronomical observatory design 
needs to contain public functions like gallery, 

library and lecture room to educate visitors the 
knowledge about astronomy and local land-
scape characters. As shown in figure 11, public 
functions like gallery, library and lecture room 
play more important roles in educational ob-
servatories. Thus, an educational observatory 
should be a proper kind for the new astro-
nomical observatory design. In figure 5, main 
functions for an educational observatory were 
organized. The function core observing room 
was located in the middle as the destination of 
the visiting trip. Visitors arrive at the reception 
hall then walk through public functions, at last 
end up in the observing room. 

Observing room

Lecture room

Office

LodgingsLounge

Reception Hall

Gallery

Library
Observing terrace

Coffee

Figure 5. Function organization

Design approach
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The requirements for a location of an educational observa-
tory were dark skies, many clear nights per year, dry air, at 
high elevation and be located closer to people. Therefore, 
at the top of the mountain was chosen as the location for 
the new astronomical observatory design. 

The mountain belongs to the Lepontine Alps that on the 
west side of Bellinzona. However, the destination of the 
cable track stopped about 600 meters down from the top 

of the mountain. Thus, in this design, the cable track was 
extended to the mountaintop as part of the new astro-
nomical observatory. In this way, the new design was ac-
cessible by cable track.

Location

Location

Cable track
Cable track

Figure 6. Location overview
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A typology analysis of astronomical observato-
ries from ancient time to modern is necessary 
to understand the changing of astronomical ob-
servatories along the time. The typology study 
is divided into three parts. The first part is the 
use of type to analyze the development of the 
observatory, the second is a research about the 
origin reason that cause the change, and the 
last part is the use of typology in the design of 
a new astronomical observatories. In this part of 
research, 25 observatories are selected as sam-
ples to be analyzed as shown in Figure 7, so the 
development of observatories in regarding of 
form, proportion and expression is shown with 
respect to time. 

Form
The Observatories in ancient time had round 
or rectangle forms like the Stonehenge and 
the Chankillo. In ancient time, people had to 
observe the sky with naked eyes, thus in many 
observatories, the viewing deck, which is the 
main function of the observatory, took the 
highest and middle part of the volume, like 
the Temple of the sun, the El Castillo and the 
Gaocheng observatories. In most of the cases, 
the highest viewing deck was leaded by a path 

or a stairway. The form of observatories in an-
cient time is stable and the main function was 
emphasized by putting the viewing deck at the 
central of the volume. It is clear to see that after 
telescope was invented (1608), there is a great 
change in the typology of observatories. Dome 
was invited into the form to house the telescope 
and become an iconic form for observatories in 
modern time. The main activity in observatory 
is changed to observe through a telescope in-
stead of observing with naked eyes. The main 
function of the observatory, which is inside of 
the dome, was designed at the highest part of 
the volume in order to have the best view. The 
dome represents the heavens, turning the ob-
servatory into a temple of the modern science.4 
What’s more, it is a logical result of enabling a 
telescope to rotate in 360 degrees horizontally. 
In modern time, an astronomical observatory 
most likely serves as a container for a telescope. 

The form of observatories changed as tech-
nique developed and more functions were add-
ed. However, there are still connections with 
ancient observatories and modern observato-
ries. As shown in Figure 8, many modern ob-
servatories are still using forms like Group form 

Typology analysis of astronomical observatories
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Stonehenge (England) 
2000BC-3000BC

Jantar Mantar (India) 1735

Las Campanas Observatory 
(Chile) 1969

Great Pyramid of Giza 
(Egypt) 2580-2560BC

El Caracol observatory (Mex-
ico)700-900AD

Helwan Observatory (Cairo) 
1903

Gaocheng Observatory 
(China) 1276 

Palomar Observatory (Amer-
ican) 1928

Dr. A.F. Philips Observatory 
(Netherlands) 1937

Temple of the Sun in Teoti-
huacan (Mexico) 200

Machupicchu Observatory 
(Peru) 1440

Big Bear Solar Observatory 
(American) 1969

Chomsongdae (Korea) 634

Ulugh Beg Observatory 
(Uzbekistan)1428

Sphinx Observatory (Switzer-
land) 1937

McDonald Observatory 
(American) 1939

Kitt Peak National Observa-
tory (American) 1958

Mauna Kea Observatories 
(American) 1970

Very Large Telescope (VLT), 
(Chile) 1998

Atacama Large Millimeter 
Array (Chile) 2005

Kielder Observatory (Eng-
land) 2008

Figure 7. Observatory case studies overview

Astronomical Observatory 
(Australian) 1973

Yerkes Observatory (Ameri-
can)1897

El Castillo (Mexico) 700-
900AD

Chankillo (Peru) 300BC 
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Stonehenge (England) 
2000BC-3000BC

Group Form Group Form

Central Dome

Decentral Dome

Decentral Dome

Central Dome

Group Form

Central Form

Group Form

Functions in dome

Great Pyramid of Giza 
(Egypt) 2580-2560BC

Chankillo (Peru) 300BC 

El Castillo (Mexico) 700-
900AD

Jantar Mantar (India) 1735

Sphinx Observatory (Switzer-
land) 1937

Mauna Kea Observatories 
(American) 1970

Astronomical Observatory 
(Australian) 1973

McDonald Observatory 
(American) 1939

Yerkes Observatory (Ameri-
can)1897

El Caracol observatory (Mex-
ico)700-900AD

Very Large Telescope (VLT), 
Chile 1998

Kitt Peak National Observa-
tory (American) 1958

Helwan Observatory (Cairo) 
1903

Gaocheng Observatory 
(China) 1276 

Figure 8. Form study of Observatory case studies
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Group Form

Group Form Group Form

Central Form

Central Form Central Form

Central Form

Functions in dome Functions in dome Tower

Central Form

Tower

Tower

Atacama Large Millimeter 
Array (Chile) 2005

Big Bear Solar Observatory 
(American) 1969

Palomar Observatory (Amer-
ican) 1928

Ulugh Beg Observatory 
(Uzbekistan)1428

Temple of the Sun in Teoti-
huacan (Mexico) 200

Kielder Observatory (Eng-
land) 2008

Las Campanas Observatory 
(Chile) 1969

Warm/cold split

Warm/cold split

Dr. A.F. Philips Observatory 
(Netherlands) 1937

Machupicchu Observatory 
(Peru) 1440

Chomsongdae (Korea) 634

Figure 8. Form study of Observatory case studies
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and Tower which were also used in ancient time 
observatories, for example the Big bear solar 
observatory, Kitt peak national observatory. The 
transition form using portable telescope to tele-
scope fixed on piers lead to the transformation 
of the observing room into the telescope room. 
The result was the transition of the tower type 
into the central dome type.5 The Group form 
contains every observatory that is split up, from 
the McDonald observatory to the Very large tel-
escope. The Central form of observatories in 
ancient time is changed to Central dome, the 
because of the invention of telescope (1608). 
New forms of observatories can also be seen in 
Figure 8, like the “Decentral” dome, Functions 
in dome and Warm/cold split forms. As tech-
nique developed, the telescope grew from a 
lens of several inches in diameter to the 60 and 
100-inch mirrors.5 With this growth, telescopes 
moved to “decentral” places in the plan, re-
sulting in new configurations and a new form. 
The bigger telescope requires a more spacious 
observe room, which resulted in a scale differ-
ence between the telescope room and other 
functions. A new form “Function in dome” was 
introduced to make use of the excess space. 
However, there is a clear distinction between 

the Functions in dome, where the building con-
tains a whole set of functions next to the tele-
scope, and Central dome, where a building only 
contains a telescope. More precise instruments 
demanded more from the telescope room’s cli-
mate, which introduced a conflict between a 
telescope that had to be free from heat, distur-
bances and the workspace. The appear of the 
Warm/cold split form is the demand of separat-
ing the instrument (cold) spaces and workspace 
(warm). 

These seven forms (Figure 9) are not the only 
ones to classify astronomical observatories, 
however, most observatories can be described 
by one of the seven forms. The seven forms in 
this research all have their own specific charac-
teristics, advantages, and disadvantages that 
can guide towards the right fit for the design 
brief depending on properties and locations.

Proportion
Most ancient observatories have simple func-
tions, like an observing deck.  Unlike ancient 
observatories, modern observatories need to 
hold more functions, like the lecture room and 
offices. The proportion of the observing deck or 
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Group Form Central Form Tower

Central Dome Decentral Dome Functions in dome

Warm/cold split

Figure 9. Graphical representations of the different forms
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Stonehenge (England) 
2000BC-3000BC

Jantar Mantar (India) 1735

Las Campanas Observatory 
(Chile) 1969

Great Pyramid of Giza 
(Egypt) 2580-2560BC

El Caracol observatory (Mex-
ico)700-900AD

Helwan Observatory (Cairo) 
1903

Gaocheng Observatory 
(China) 1276 

Palomar Observatory (Amer-
ican) 1928

Dr. A.F. Philips Observatory 
(Netherlands) 1937

the Temple of the Sun in 
Teotihuacan (Mexico) 200

Machupicchu Observatory 
(Peru) 1440

Big Bear Solar Observatory 
(American) 1969

Chomsongdae (Korea) 634

Ulugh Beg Observatory 
(Uzbekistan)1428

Sphinx Observatory (Switzer-
land) 1937

McDonald Observatory 
(American) 1939

Kitt Peak National Observaa-
tory (American) 1958

Mauna Kea Observatories 
(American) 1970

Very Large Telescope (VLT), 
Chile 1998

Atacama Large Millimeter 
Array (Chile) 2005

Kielder Observatory (Eng-
land) 2008

Astronomical Observatory 
(Australian) 1973

Yerkes Observatory (Ameri-
can)1897

El Castillo (Mexico) 700-
900AD

Chankillo (Peru) 300BC 

Figure 10. Proportion analysis of selected observatories
36
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Proportion

1000
1200

1700

1900

2000

100%  100%  100%  10%  100%  7%  14%

14%  22%  25%

100%  20%

100%  17%

40%  50%  14%  8%  50%  100%  25%  35%  50%  
33%  100%  

Figure 11 . Proportion analysis with respect to time
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observing room in the whole volume of an ob-
servatory is changing over time. (Figure 10 11).

In many early ancient observatories, the whole 
building serves as an observing machine, like 
the Stonehenge, Great Pyramid of Giza and 
Chankillo. Later on, the proportion of the ob-
serving function in the whole volume decreased, 
because many observing deck were located on 
a huge base in order to achieve better view. On-
ward, after telescope was invented, the propor-
tion changed again, in some cases, the propor-
tion increased, in other cases, the proportion 
decreased. This is because different kinds of ob-
servatory need different size of telescopes. For 
example, the proportion of the observing room 
of the Palomar observatory takes 50% of the 
whole volume, which because it house a huge 
telescope inside. For most educational and am-
ateur observatories, this proportion was not that 
big, as it doesn’t need a huge telescope. 

Expression
As shown in Figure 7, ancient observatories 
were made of natural material, like stone and 
earth. After telescope was invented (1608), 
most professional and educational observato-

ries were made of metal. The use of metal as a 
material influences the appearance of an obser-
vatory, which makes an observatory look scien-
tific. What’s more, the form also impacts the ap-
pearance of an observatory. It is common to use 
a dome as the shape for the observing room, 
which makes it becomes an iconic form for ob-
servatories in modern time. However, many ed-
ucational and amateur observatories use wood 
as a material for observatory that makes it more 
appealing to people who interested in astrono-
my knowledge. What’s more, many observato-
ries nowadays don’t use a dome for the shape 
of the observing room, like the Kielder obser-
vatory. As long as the observing room is able 
to turn, it doesn’t matter what shape it uses. As 
shown in figure 12, there are three expressions 
of an observatory from ancient to modern time. 
In any kind of expression, the main function of 
an observatory is shown by the appearance. On 
one hand the function of observing room de-
fines the expression, but on the other hand, the 
expression can be free.
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El Castillo (Mexico) 700-
900AD

Big Bear Solar Observatory 
(American) 1969

Kielder Observatory (Eng-
land) 2008

Figure 12. Three expressions of an observatory
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Sub-questions:

 What’s the relationship between the iconic form and the functions of astro-
nomical observatories?

What is the expression of an astronomical observatory in modern time? 
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This next step is to figure out the typology and 
characters of an astronomical observatory. This 
will provide answers on two sub-questions:

What’s the relationship between the iconic 
form and the functions?
What is the expression of an observatory in 
modern time?

Form:
The form of observatories changed as tech-
nique developed, however, most of the astro-
nomical observatories put the observing room 
in the central of the form. The main function of 
the observatory, which is inside of the dome, 
was designed at the highest part of the volume 
in order to have the best view. What’s more, 
many astronomical observatories have stable 
forms. For this reason, the new astronomical 

observatory design will continue this stable 
form.

Expression:
The main function defines the expression, but 
the expression can be free. The expression of 
an astronomical observatory doesn’t need to 
follow the iconic form like a metal dome. Thus, 
the expression could combine with the land-
scape, which could provoke the curiosity of 
anyone approaching it. What’s more, by using 
local materials like stone, the expression of an 
astronomical observatory could better route in 
the landscape. From the expression analysis, it 
turns out concrete and steel were most widely 
used material in astronomical observatories. 
Therefore, the materials for the new astronom-
ical observatory design are stone, concrete 
and steel. 

Design approach

Stone
Figure 13: Selected materials

Concrete Steel
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The relationship between astronomy and astronomical 
observatories
From the beginning, human has been attracted 
by earth’s mysteries. In ancient times, human de-
sign buildings according to astronomical align-
ment to have a better understand of sky. The 
construction of megaliths was one of the earli-
est human activities to discover the sky6. Some 
ancient observatories are designed depending 
on the movements of the Sun and stars. The aim 
of the study of the connection between astrono-
my and architecture is to figure out how ancient 
observatories were designed according to the 
knowledge of astronomy. The study is not only 
about the relationship between architecture 
and position of the stars, but also about the cul-
ture, symbolism and religious behind the design 
philosophy.

In this chapter, three ancient observatories are 
analyzed.

1.The Big Horn Medicine Wheel (American)
The Big Horn Medicine Wheel lies on top of the 
Big Horn Mountains in Wyoming. It’s a wheel-
like pattern made of stones on the surface of 
the ground. The Big Horn Medicine Wheel was 
built by early Plains Indians about 300-800 years 
ago. In Indians’ culture, the word “medicine’ 

means “magic” or “supernatural”. The Med-
icine Wheel is generally regarded for religious 
use, or as a primitive astronomical observatory.7 
Even nowadays many prayers still go to the Big 
Horn Medicine Wheel for ceremony. (Figure 14)

The “Wheel” is an imperfect circle about 25 
meters in diameter. At the center of the circle 
is a pile of stones, a cairn, about 4 meters in 
diameter. From the center of the circle to the 
rime, there are 28 spoke-like lines of stones. On 
the rim of the circle, there are six small cairns 
about 1 to 1.5 meters in diameter7, which is 
large enough to hold a sitting man. For astro-
nomical use, the stone alignments in the Medi-
cine Wheel are assumed to be used to identify 
the directions of rise or set of selected celestial 
bodies. In fact the first suspect celestial body is 
the sun, because it has an important meaning 
in Amerindian culture. What’s more, the form of 
the Medicine Wheel resembles a sun symbol.7 
However, the directions of sunrise and sunset 
shift daily, it reaches the most northern and 
most southern positions at the times of summer 
and winter solstice respectively. These celestial 
phenomenon were noted by many primitive 
peoples from different cultures for calendar or 
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Figure 14: Big Horn Medicine Wheel

Figure 15: Plan of the Big Horn Medicine Wheel with cairn letters added, from a 1958 survey 
by Grey (3).
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agricultural proposes.

According to John Eddy’s research7, the Big 
Horn Medicine Wheel could be served as ho-
rizon markers for celestial bodies as well. There 
are many astronomical alignments in the Big 
Horn Medicine Wheel.8 (Figure 15) From cairn 
C, it is clear to see the mark of solstice sunset on 
horizon is very nearly in line with O. From cairn 
E one could see the mark of solstice sunrise on 
horizon is at the center of the Wheel, which is 
O. That is to say, these cairns (E,O and C) of 
the Medicine Wheel were built for the specif-
ic purpose of marking the summer solstice. By 
referencing to these cairns, the builders could 
identify the time of the summer solstice of the 
year. What’s more, the cairns are not only align-
ment with sun, but also with other celestial bod-
ies as well. The other four cairns, which are A, B, 
F and D, are alignment with other rise or set of 
bright stars or asterisms. The sight line formed 
by cairn F with cairn O points to the rising point 
of the brightest star, Sirius. Moreover, when 
standing at cairn F, one sees the Aldebaran ris-
es from cairn A and the Rigel rises near cairn B. 
These three stars are the brightest in a region of 
the sky, which is close to the path of the sun in 

summer. The number of the spokes in the Med-
icine Wheel, which is 28, could be used as day 
counters for lunar month.7 Such precise method 
would have come from repeated annual obser-
vation of the sky.

2.Two Main Pyramids of Giza (Egypt)
The two main pyramids of Giza is part of a pyr-
amid complex in Giza, on the outskirts of Cairo, 
Egypt, which is an archaeological site. The two 
main pyramids were constructed around 2580-
2560BC by expert workman and architects for 
their rulers. Still today, the two pyramids are the 
most significant achievement in human history. 
The bigger one of the two pyramids (the so-
called the Great Pyramid) is 230.3 m in length 
and 146.6m in height. The smaller pyramid is 
215m in length and 143.5 in height.9 (Figure16)

The two pyramids are the tombs of the phar-
aoh Khufu and his son Khafre. The composition 
of the pyramids complex in Giza has a strong 
symbolic and religious meaning in it, but also 
has many alignments with astronomy. Accord-
ing to Giulio Magli’s research9, the astronomical 
alignments in the two main pyramids are mostly 
related to the path of the sun from the spring 
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Figure 16: Two Main Pyramids of Giza
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equinox to the autumn equinox. If one stands in 
front of the Sphinx, which is the o’ in Figure 17, 
the line formed by the south edge of the smaller 
pyramid (O’A’) is pointing west. Therefore, the 
sun at the equinoxes could be seen setting at 
the southeast corner of the smaller pyramid. 
Moreover, if one stands at the Sphinx (O’) look-
ing at the midpoint of the two main pyramids 
at the summer solstice, the mark of the sunset 
at horizon could be seen. Because the azimuth 
of the line O’C’ is 28° north of west, which is the 
azimuth of the summer solstice at Giza. What’s 
more, the line O’B’ in Figure 17 is defined by the 
Sphinx (O’) and the causeway (B’), and it is ori-
ented   north of west. This alignment is halfway 
point of the path of the setting sun at the hori-
zon of the summer solstice, which is 28° north of 
west. Thus, this alignment is the path of the sun 
between equinoxes and midsummer. There are 
three other astronomy alignments start from the 
point where a monumental ramp once stood, 
which is point O in Figure 18. This ceremonial 
ramp is lost in the modern village nowadays, 
but it once leading directly towards the by point 
O and the north side of the Great Pyramid is 
pointing at west. Therefore, the sunset at the 
equinoxes could be seen at the northwest cor-

ner of the Great Pyramid. Likewise, the azimuth 
of line OC defined by point O and the cause-
way of the smaller pyramid (C) is 28° south of 
west, which is the azimuth of the winter solstice 
at Giza. Hence, the midwinter sunset could be 
seen at the top of the smaller pyramid. Further-
more, the azimuth of line OB defined by point O 
and the causeway of the Great Pyramid (B) is 14° 
south of west, which is halfway of the azimuth 
of the winter solstice. Thus, the sunset could be 
seen at top of the Great Pyramid during equi-
noxes and midwinter.9 By observing the mark 
of the sunset at the horizon according to the 
astronomy alignment, ancient Egyptians could 
know what time of the year it is.

In additionally, the alignment in the pyramid 
complex in Giza also might have a relationship 
with symbolic and religious. The “Giza diago-
nal” is frequently mentioned as the disposition 
of the pyramids in Giza, which connects the 
southeast corners of the three pyramids accu-
rately. According to Jeffreys D’s paper in 1998, 
the Giza diagonal points in the direction of the 
city of Heliopolis10, which was one of the major 
cities in ancient Egypt as an extremely impor-
tant religious center. The city Heliopolis repre-
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Figure 17: A Google EarthTM image of the Giza 1/Giza 2 complexes, made by 

Magli (4)

Figure 18: The same image as in fig. 5 with different alignments outlined, made 

by Magli (4)
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sented the sun and the sun-priests were skilled 
in astronomy.

3. The Chum-Sung-Dae (South Korea)
The Chum-Sung-Dae is an astronomical obser-
vatory stands in Gyeongju, South Korea. The 
tower was constructed in 647 AD, and it is the 
earliest astronomical observatory building in 
Asian. The meaning of “Chum-Sung-Dae” in 
Korean literally means “star gazing platform”. 
The observatory is a bottle-shaped cylinder 
tower, of which the upper circle and the lower 
circle are different in diameter, stable and ele-
gant. The tower stands on a square stone base. 
The tower is 9.4 m in height, and 5.7m in width, 
and it has 27 layers of stone blocks placed in a 
circular plan. At the 12th layer, there is an open-
ing facing south.11 (Figure 19)

There are several argument about the real orig-
inal function of this tower: to observe celestial 
bodies; to symbolize ancient mathematical prin-
ciples; to perform religious services to bless for 
the royal family; to measure the sun’s shadow. 
However, these arguments don’t have concrete 
evidence. According to Jang Hoon Kim’s paper 
in 200911, there are many symbolically significant 

in this tower. The number of layers of the stone 
blocks in body of the tower is 27, which is the 
revolutionary period of the moon or represents 
the 27th ruler of the Silla Dynasty at that time. 
(Figure 20) Together with the two layers of the 
frames of the top, the total number of layers 
of stone is 29, which is the number of days in 
a lunar month. What’s more, The 12 layers of 
stone blocks above and below the opening may 
represent 12 month of a year. The number of all 
the stone blocks in the tower is 365, which is the 
number of days in a year. Moreover, one of the 
four corners of the podium is pointing exactly 
at the direction of sunrise at winter solstice, and 
this direction is also where early rulers of the Sil-
la Dynasty were buried. In addition, the ratio of 
height of the tower that above the ground to 
the diagonal dimension of the podium is 4:5, so 
the geometry of Chum-Sung-Dae used the val-
ues of sine and cosine values in the 3:4:5 right 
triangle. Thus, it indicates the fact that the ge-
ometry of Chum-Sung-Dae applied the Pythag-
orean Theorem (Figure 21).11 

Regarding all these symbolic implications, the 
Chum-Sung-Dae was intentionally designed. 
This thirteen hundred years old stone masonry 
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Figure 19: The Chum-Sung-Dae

Figure 20: The Chum-Sung-Dae structure and dimen-
sions, made by Jang Hoon Kim& Sang Hun Park (6)

Figure 21: Geometry of Chum-Sung-Dae untilizing the 
values of sine and cosine values in the 3:4:5 right triangle, 

made by Jang Hoon Kim& Sang Hun Park (6)
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tower is rich in symbolical, mathematical and 
historical implications. These implications had 
been embedded into the proportions of the 
tower.
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Sky

Users
Surrounding
environment

Figure 22: Connection of sky, users and surrounding environment
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Stairway functions as a vertical connection be-
tween spaces, a guide for movement that in-
dicating going upwards or downwards. From 
one point to another, or back to original point, 
stairway joins two points that in different height. 
In many ancient observatories, stairway plays 
an important role in the building. In most of the 
cases, the highest viewing deck was leaded by a 
path or a stairway (Figure 23). Path leads people 
towards the building, and then stairway guides 
people to the highest viewing deck. Stairway 
suggests a higher space in the building that is 
reachable. Bloomer and Moore stated in their 
book “Body, Memory, and Architecture” that 
the path exists both in eyes and feet.12Our eyes 
guide our body through the path to predict if 
the path is reachable by imagination. Stairway 
also functions for both eyes and feet. The move-
ment from ground to the top viewing deck of 
many ancient observatories could be seen by 
eyes. The form of ancient observatories shows 
the movement through the whole building. 
However, after telescope was invented (1608), 
movement cannot be seen from the form of 
most modern observatories. 

In many ancient observatories, stairway also 

suggests a ritual movement in the building. 
Many observatories in ancient time were not 
only used for observing celestial bodies in the 
sky, but also a place for holding religion ceremo-
nies, like the Big Horn Medicine Wheel (1200) 
and the Chankillo (300BC). In the Casma valley 
of Peru, where Chankillo belongs, symbolism of 
ascent presents in the stairways, linking the dark 
underworld of caves to world of the heavens. 
The people who first lived there in ancient time, 
had a heritage of ascend to highlands, they be-
lieve the higher you reach the nearer you are to 
the heavens. Therefore, during the religion cer-
emony, shaman priests ascend stairways to the 
top of the temple. The ritual movement from the 
dark underworld to the heavens is expressed 
in stairs leading upwards. The stairways serve 
as a symbolic of movement between different 
worlds.13 (Figure 24) The raising tower-platforms 
of Chankillo have stairs on both sides, indicat-
ing that the highest platform is the final destina-
tion for upward ritual movement.13 (Figure 25) In 
other ancient cultures, stairway also has a ritual 
meaning, like the Borobudur in Indonesia (Fig-
ure 26), People who are pilgrims are guided by 
the system of stairway and corridors ascending 
to the top platform. The construction of Boro-

Meanings of stairways in ancient observatory
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El Castillo (Mexico) 700-
900AD

Jantar Mantar (India) 1735 Jantar Mantar (India) 1735

El Caracol observatory (Mex-
ico)700-900AD

Gaocheng Observatory 
(China) 1276 

Temple of the Sun in Teoti-
huacan (Mexico) 200

Figure 23: Stairways in ancient observatories
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budur is based on native beliefs that mountains 
and high places are the abode of ancestral spir-
its. Stairways in the temples of Monte Alban 
(Figure 27) have a ritual meaning as well. Peo-
ple need to go upward, downwards and then 
upward leading by stairway in order to reach 
the highest and biggest temple.12 The symbolic 
power of stairway, leading upward to the scared 
place or downward to the lower worlds. 
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Figure 24: Stairways in the Casma valley

Figure 26: Borobudur Figure 27: Temples of Monte Alban

Figure 25: The Rising Tower-platforms of Chankillo
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Sub-questions:

What is the relationship between astronomy and astronomical observato-
ries?

What are the meanings of stairways in ancient astronomical observatories?
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This step towards a new astronomical obser-
vatory is to find out the relationship between 
astronomy and astronomical observatories 
and how’s the stairways in astronomical obser-
vatories develops in time. This will answer the 
two sub-questions:

What is the relationship between astronomy 
and astronomical observatories?

What are the meanings of stairways in ancient 
astronomical observatories?

It’s clear to see that all three ancient astronom-
ical observatories react directly on astronomy 
knowledge in different ways. The movements 
of lunar and solar had occupied the attention 
of ancient people, which were used to define 
time and directions, sometimes even related 
to religion use. An astronomical observatory 
then becomes a measurement of time, which 
has practical importance for human, enabling 
individuals and groups to coordinate their ac-

tivities and thereby keep their societies func-
tioning.

What’s more, there are many symbolic implica-
tions relating to religions, history and political 
in the design of an astronomical observatory, 
like the Chum-Sung-Dae. Therefore, an astro-
nomical observatory was not only used for ob-
serving the planetary movement, but also used 
for other activities like ceremony or showing 
the power of the ruler in ancient times. 

Alignment
In ancient astronomical observatories, the 
buildings became astronomy knowledge itself. 
But after telescope was invented, the topol-
ogy changed. Astronomical observatories 
just serve as a container for telescope. Thus, 
this design wants to create a bond again with 
Mother Nature, and to provide connection be-
tween sky and observatory. It can re-establish-
es the ancient connection between Man and 
the glories of planet.

Design approach
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There are three main landscape characters to 
observe from the top of the mountain, which are 
the city, the Po Valley, the highest peak (Pizzo 
di Vogorno). As shown in Figure 31, three direc-
tions defined the form of the design. Therefore, 
there are two ways of observing; observe with 
telescope and observe with naked eyes.

PEAK

VALLEY

CITY
Figure 31. Three viewing directions

Figure 28. The Pizzo di Vogorno Peak Figure 29. Bellinzona city Figure 30. The Po Valley
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The buildings became astronomy knowledge in 
ancient astronomical observatories. But after tel-
escope was invented, the topology changed. As-
tronomical observatory just serves as a container 
for the telescope. 

For this design, the aim is to let people gain the 
knowledge through the design. Thus the new as-
tronomical observatory design becomes part of 

the astronomy knowledge as well. For this rea-
son, two axes were added, which are the north 
and the east axis(Figure 32). Thus, it is clear for 
visitors to locate the position of stars in the sky.

EAST

NORTH

Figure 32. The north and east axes
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Peak Valley

City

Stairways

Stairway
Stairway, both functional and non-functional, is 
a powerful cultural theme in ancient culture. It 
is functional for guiding movement, indicating 
going upwards or downwards, and it is non-
functional of being a symbolic ritual element 
presenting accenting to upper worlds. Stair-
ways played an important role in ancient astro-
nomical observatories when people needed to 

observe with naked eyes. However, after the 
telescope was invented the topology changed. 
This element becomes invisible. In this design, 
there are two ways of observing; one of it is to 
observe with naked eyes. Stairways also indicate 
going upwards to the highest main function. For 
this reason, stairway was added in this design.

Figure 33. Concept diagram
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PEAK

VALLEY

CITY

CITY

VALLEY

PEAK

Figure 34. Three directions of observing
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The three big stairs were aligned to the directions of three main landscape 
characters (city, valley and peak). Thus, when people are walking on the 
stairs, they were guided walking toward these three landscape characters. 
In this way, three landscape characters were emphasized.
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SKY

VALLEY
PEAK

CITY

Figure 35. Two ways of observing
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There are two ways of observing: observing with naked eyes ( city, valley and peak)
                                                         observing with telescope (sky)
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NORTH

NORTH STAR

SOUTH

EAST

MARS

LEO

AURIGA

WEST

Figure 36. The relationship between sky and the observatory
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The three observing decks give a opportunity to observe the whole sky. 
What’s more, it functions for the observing terrace as well. People could 
check the situation of the sky before observing.
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View to the peak
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Coffee
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Figure 37. Overview of functions
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There is a tunnel in the disign pointing directly 
to the north from the ground floor to the view-
ing deck. It also serves as a short cut to the high-
est platform and to the telescope room.  
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The east and west axis exists of a sequences of wall openings along 
this direction. On the day of spring or autumn equoxi, this axis will be 
lighted up by the sunrise. 
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Part 5
Conclusion
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This research was about an astronomical ob-
servatory design in Bellinzona that conveyed 
knowledge and created a connection again with 
nature. It reestablishes the ancient connection 
between man and landscape. Firstly, a theoreti-
cal research has been done aiming to define the 
kind of the new astronomical observatory design 
and to figure out the right function and location. 
In this part of the research, the developments of 
the astronomical observatories were analyzed in 
order to get a better understanding of different 
kinds of astronomical observatories regarding 
functions and locations. The conclusion form 
this part was that an educational observatory 
was a proper kind for the new astronomical ob-
servatory design. Considering the new design 
needs to contain public functions like gallery, 
library and lecture room to educate visitors, an 
educational observatory is an appropriate kind 
for the new design. 

Secondly, a theoretical research has been done 
in order to explore the role of typology in the 
development of the observatory and aims to 
clarify the architectural expression of an obser-
vatory design in Bellinzona. This part uses type 
to analyse the development of observatories, 

and then research about the origin reasons that 
cause the changes. The form of observatories 
changed as technique developed, however, 
most of the astronomical observatories put the 
observing room in the central of a stable form. 
For this reason, the new astronomical observa-
tory design will continue this stable form. The 
main function defines the expression, but the 
expression can be free. The expression of an 
astronomical observatory doesn’t need to fol-
low the iconic form like a metal dome. Thus, the 
expression could combine with the landscape, 
which could provoke the curiosity of anyone ap-
proaching it. 

Thirdly, a literature research about the relation-
ship with astronomy and ancient observatories 
has been made to gain knowledge about how 
ancient observatories were designed accord-
ing to the knowledge of astronomy. In addi-
tion, a literature about meanings of stairway in 
ancient observatories has been done to figure 
out how this building element connects to the 
ancient observatories and how this building el-
ement develops over time. Stairway, both func-
tional and non-functional, is a powerful cultur-
al theme in ancient culture. It is functional for 

Conclusion
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guiding movement, indicating going upwards 
or downwards, and it is non-functional of being 
a symbolic ritual element presenting accenting 
to upper worlds. Stairways played an important 
role in ancient astronomical observatories when 
people needed to observe with naked eyes.
 
An astronomical observatory in ancient time is a 
measurement of time and direction. In this way, 
an astronomical observatory became astrono-
my knowledge itself. However, after telescope 
was invented, the topology changed. The align-
ment with environment and stairway element 
were gone in the form of an astronomical obser-
vatory. Astronomical observatories just serve as 
a container for telescope. This design wants to 
create a bond again with Mother Nature, and to 
provide connection between sky and observa-
tory. It re-establishes the ancient connection be-
tween Man and the glories of planet. In this way, 
this conclusion was that the new astronomical 
observatory is part of the astronomy knowledge 
as well. Stairways and alignments were added in 
the form concept in this design. 

To conclude, the new astronomical observatory 
design in Bellinzona functions the connection 

among users, the sky and surrounding environ-
ment. The stone building rooted in the Bellin-
zona’s special landscape. With this research and 
design it shows that an astronomical observa-
tory should not only be an institution or merely 
a technical building. It should be a connection 
between the users, the sky, and surrounding en-
vironment.
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