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Program features

* Operating System : XP /2000 / Vista (WINE
compatible)

* directional and azimuth dials

* hour lines and day lines design

« graph export to vector / raster file

« shadow simulation

* reverse engineering of existing dials

 freeware
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User interface
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Definition of a new dial : type

(e parameters =)
Type | Geographical coordinates | Dial | Options | Background image
family : i T Tine zone dipayed
e directional Ny
« azimuth drechygpl =]
type
|vertical ~|
local time
GMT
GMT +n
GMT -n

? QK | Annulla
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Dial types \
directional :

* inclined declining
» vertical declining

* horizontal

e polar

 equatorial

azimuth :
* horizontal analemmatic

« verticale declining analemmatic

* horizontal ortographic projective

» vertical declining ortographic projective

* horizontal stereographic projective

» vertical declining stereographic projective
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Dial types
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Dial types

directional :
* inclined declining
» vertical declining -
* horizontal
e polar %
 equatorial

)

e ¢ & & 0@
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azimuth :
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« verticale declining analemmatic

* horizontal ortographic projective
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» vertical declining ortographic projective
* horizontal stereographic projective
» vertical declining stereographic projective
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Dial types

directional :
* inclined declining .
» vertical declining
* horizontal
e polar
 equatorial

azimuth :

* horizontal analemmatic

« verticale declining analemmatic

* horizontal ortographic projective

» vertical declining ortographic projective

* horizontal stereographic projective
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New dial definition : coordinates

i 3
Sun dial parameters ﬁ

Type Geographical coordinates ]Dial | Options | Background image |

Geographical coordinates

Latitude [g:m:s] 452442 |nn:|rth -
Places. ..

Places list m

Longtudg/lam:s]  [007:41:11 |east j

..ﬁ.grigentu [43E]
Alezzandria [AL]

Ancana [AM] L4
Aosta / Aoste [A0] Cancel

Aquila [TP]

all earth
latitudes

- editable =
data base
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New dial definition : dial frame

Type ] Geographical coordinates  Dial letiDnsl Background image]

Sun dial parameters ﬁ

d e CI I n atl on = ination Style dimensions
N [gm:s] *2?:32:[:4} west v Otostyi ’J orth ostyle

InCIInatlon Wall inciihvgtion limit for substyle Iength
i B
[a:m:=] Fﬂ-ﬂ?lﬁ-ﬂdeg.}
Dial dimengions
horzontal |250 % at the left of ortostyle |50
dimension |— "% [ rmepesesie 2~ ~——[" orthostyle

position

? 0K | Annulla
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New dial definition : options

day |IneS al parameters \\ Iﬁ]

| Tune ]Gengmphical coordin 5] Dial  Options | Background image] analemma I
hour lines
Hour lines Day lines Analemma
% hench v Equ
Eauinox I
[ babilonic v Solstice
v summer./fall
[ temporal v Cther
I twiight [ all hours
[ italic [ italic "da campanile” ' noon only
Cther options
[+ half hour lines [ local noon line [ substyle

hour lines aver the
horzon onby

[ xfy axes

| extend hour lines

other options

? 0K | Amnua | |
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italic and babilonic

temporal

Hour line types

///
$
astronomical (french)

“da campanile” and twilight
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New dial definition : background imaqge

Sun dial parameters [%J

Type ] Geographical u:u:unrdinates] Dial ] Options  Background image

choose

; delete image
image. ..

—| selected file |
: d L e 1005 , 1502 ||
pre-view I , | p2 ] 247 } reference points
B P1-P2 | -

210 .
< real distance |

[ 7 ] K| _teuta | orthostyle position |
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Positioning and dimensioning
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Compute shadow of obstacles




XV Seminario Nazionale di Gnomonica

Existinq dials simulation
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: tables
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French Hour Lines
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View : style parameters

Style design Lihj

Ortostyle AD
25.00

Polar Style BD
4017

Substyle distance beta
-24.55 deg.

Substyle height alfa
38.49 deqg.

Substyle AB
31.44

A(0.00 ; 0.00)
B(13.06 : -28.60)

alfa

azsostilo

g

‘91.. beta

\‘- ortostilo
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View : lighting conditions
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View : lighting conditions

light off:
. 21/6 14:45
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View : lighting conditions
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Print, save, export

copy graphs and tables to the clipboard

print report with selected graphs and tables

export to DXF vector file
export to JPG, TIF, GIF, PCX, BMP raster file

1:1 multipages print
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1:1 multipages print
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| & = B~
Mascondi Precedente  Stampa Cpzioni
Cortteruto ] Indice ] Cerca ] Coordinates
R Introduction : ; ; ! ; : ;
= @ Basic concepts on sun dials The following cartesian reference svstem is used in the program when referring to the coordinates of a point:

=] |:[:_’| User interface
£] Main window

@ Mouse and keyboard
= Menu ;
&2 @ How to design a new dial negAtEST vl
[# @ Glossary
&} @ Version

&3} % Screen Saver
&3} @ Acknowledgements

negative X values positive X values X

m

positive Y values

The center O corresponds to the base of the orthogonal stvle (for the analemmatic dials it corresponds to the style position at the equinox).

Each point in the plan is identified by the two values X and Y|, as shown in the picture. Note that x has negative values at the left of O and positive values at the
right of O, and y has negative values above O and positive values below O.

When moving the mouse pointer over a dial. you can see the current mouse position in real world coordinates in the bottom righ part of the display as (X, Y,).




Wall declination

« Based on the
shadow/wall angle

e compute sun
parameters and wall
declination

» put the result into the
actual project
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plumkb line __""""-gj
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vettical
|
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surface

shaclowy
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Wall declination

Wall declination : measured angle ﬁ

Wall declination : gecgraphical coordinates

Waming
Insert measured angle {in decimal degrees)

The following coordinates shall be used when computing the

declination :
122

latitude ; 452356 north
longitude : 7:38:16 east

if needed they can be changed in the File -» Parameters menu.

Wall declination : declinaticn angle

Wall declination : date and time

=] Sun parameters ;

Insert the date and time when the measurement was taken. eot =-151.48 sec
Remember to check the optional box if the davlight saving time declination = +23.3% deg
was applicable. azimuth = +83.49 deg

height = +40.04 deg
date time

| matedi B gugno 2008 j ]15.15.5-‘-1 -~

Wall declination {in decimal degrees) is : 51.49 west

[nsert into the project

[ daylight saving time

Annulla

? < Indietra

? < Indietro | Avanti = | Annull
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Shadow simulation and sun parameters computation

 simulation of any sun dial type (directional,
azimuth)

« simulation time : current, manually set or
dinamically changed (date / time)

e main sun parameters computation (declination,
azimuth, height ...)

 current time shown for any time measurement
system

» show sunrise, sunset, local noon, twilight
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Shadow simulation and sun parameters computation

Ready

Dial is lighted |5 o]
Date: | martedi 24 gugno 2008 _J Civiltime : 1161830 — TMEC DST [+  DeltaT =EE1
; !
g i,
Sun longitude : 93:25:49 (+93 43029) Equation of time :  -00:02:30 [-150.985]
Sunright ascension: 06 14:57 [+6.24320) Sunhaur: 157559
Sun declination: 232344 [+23.39564) Longitude error ;. -00:23:15
Sunazimuth: 710345 (+71.06273) Local sun time ;. 14:46:43
Sun height :  49:48:57 [+49.81602)

Italic hour:  19:02:35
Sunrize:  09:47.23 "Campanile" it. hour . 183235
MNoon:  13:31:44 Babilonic hour s 10:30:52
Sunset: 211555 Temporal hour . 08:09:19
Twilight:  21:5335 Twiight hour:  18:18:55

* Current time e

= polar stile
" Simulation Hal i speed i
& Time o.r s
€ Date i tnangle
:

fx,v) = (-76.14_ -37.96)

[fL x A) = (250.00 x162.00)
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“Screen Saver’

* based on any sundial you designed with the program
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Reverse enqgineering

Problem

given an old dial with only some elements left
(lines, points, style ...)

J

compute the original design parameters
(latitude, declination, style ...)
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Reverse enqgineering

Classical approach

For any particular situation : measure an
element and then find the unknowns by means

of trigonometric relationships.
ex. equinox line is available => measure angle,

find declination

Disadvantages:

* huge number of possible situations, a program
can not cover them all

 program would be a long list of commands,
one for each situation / unknown
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Reverse enqgineering

Innovative approach

Consider the problem as a “data fitting” situation :

“given a list of measured values, find the parameters
of the given model that best match measurements”

ex. linear regression
Y=a*X+b

Given measurements (X,,Y;) find
parameters a and b that best
approximate the results.
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Reverse enqgineering

eX. declining vertical dial showing local time

r

X=X(w,0,0,d,A,XxYy)

Yi=Y(w,6,(P,d,)\,X,Y)

\.

w = known hour angle
O = known sun declination

¢ = latitude

d = wall declination

A = orthostyle length

X,y = orthostyle base coordinates
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Reverse enqgineering

1. measure the position of N points (with known ® € 0)

2. make a system of 2*N non-linear equations with 5
unknowns

f(p,d,A, X Yy)=Kk 1=1+2N
where k; are the measured coordinates of N points.

3. solve the system and find the 5 unknown parameters
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Reverse enqgineering

Levenberg-Marquardt algorithm

Consider the cost function
F(gp,d,/l,x,y)z

2
Ei

M=

- Z(ﬁ(¢9 d, /1, X, y)—ki)2 —

equal to the sum of squares of residual errors
between model and measurements.

The algorithm will look for a minimum of F through an
iterative process that should converge to the local
minimum nearest to the initial starting hypothesis.
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Reverse enqgineering

[ Reverse engineering data M}
linee - punti . |
1 Bahiloric - hour 1.0 - 2 points edit delete 1 Babilonic-Equino: - hour 24.0 / dit ‘ I ISt Of
2 Babilonic: - howr 2.0 - 2 points adit delete 2 Babilonic-Equines - hour 2.0 adit m eas u red
3 Babilonic - hour 4.0 - 2 points edit delete 3 Babilonic-Equinoy - hour 2.0 edit pOI ntS
d / edit delete 4 edit delete
list of | _
edit delete 5 edit delete
measure
. edit delete & edit delete
lines
edit delete i edit delete
2 dit delet 8
fd 3 el W save / open
edi delete g edi I t d t
. input data
solution | _
it delete 10 edit I_M-: |
Global zearch ‘ Local zearch it into the project ‘

|ahit 45.41 W longit 7.3 = dechn. | 27.53 ¢ lenogth | 25.00 ot poz. | 000 / oo

. Safe. .. i
solution
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Reverse engineering : input of measured lines and points

[ Line parameters I.il-?:_hr
b ¥ line type _~ Ilne type I

T 118380, 105280  [BABILOMIC HOUR j%

2 |2053%0 , |113.990
3 | I
hour
4 | . hour |1 -
£ | . |\ +1/2 haur [

point type |

B
, : | : \: point P Pt \ |5 [ |
ol | coordinates o -
;| | | (mm 2) [114.430_ [100.000 [BABILOMICEQUINGX |
| : J/Efﬂf - +1/2howr T
10 | N point
coordinate | | N{ Corcsl_| ﬂ 2|

U | hour

Cancel ?
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Reverse enqgineering

ex. italic hour dial, three hour lines known

recovered dial :

o
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Reverse enqgineering

ex. italic hour dial, three points known (intersection between
hour lines and equinox line)

recovered dial :

o
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Reverse enqgineering

ex. italic hour dial, three points known (intersection between
hour lines and day lines)

recovered dial :

o
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Reverse enqgineering

ex. italic hour dial

results :

true
unknown case 1 case 2 case 3
value

40.00 40.03 40.01 40.02

d 30.00 29.92 30.05 30.00
A 25.00 25.19 24.98 25.02
X 125.00 | 125.36 | 125.06 | 125.03

y 37.00 37.11 37.01 36.99
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Reverse enqgineering

ex. italic dial 1 cm error : in the presence of errors use as
many data as possible

recovered dial :

-
S
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Reverse enqgineering

ex. temporal hour dial, three points known (intersection
between hour lines and equinox line)

recovered dial :

Kl

Wl
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Reverse enqgineering

Measured elements must allow the identification of one and
only one dial.

ex. left: italic dial with three hour lines / day lines
iIntersections known, right : recovered dial
=> more than one solution exist

starting dial recovered dial

~—~——

1

-‘-\_‘-‘_\_‘_‘—‘_

\

LI

= — kJ
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Reverse enqgineering

Measured elements must allow the identification of one and
only one dial.

ex. left : temporal dial with three hour lines known, right :
recovered dial
=> more than one solution exist

starting dial recovered dial

//7// N /%71 S

Wil

il
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Reverse enqgineering

Measured elements must allow the identification of one and
only one dial.

ex. left : babilonic dial with three meridian / hour lines
intersections, right : recovered dial
=> more than one solution exist

starting dial recovered dial

\ /
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Reverse enqgineering

For good solutions it is advisable to :

* intrduce the larger possible number of input data
* use points instead of lines (as long as possible)

« try alocal search starting from “good”starting

values
search around
Local zearch / the Starting

values

e “freeze” known values

ort, pos. | 1] | I Ex

“freeze’
the value
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Reverse enqgineering

previous ex. (italic dial with three hour lines / day lines
intersections known) : when the style position is known and
introduced (“frozen”) we obtain the correct result

wrong good

\_

:::391

18
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Reverse enqgineering

previous ex. (babilonic dial with three meridian / hour lines
intersections known) : when the style position is known and
introduced (“frozen”) we obtain the correct result

wrong good
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Future enhancements

New types of dials :
« sheppard cylindrical dial
« Joel Robic’s cylindrical dial
* height dials
» reflection (mirror) dials

o Dbifilar dials
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Future enhancements

Various :

day lines for 12 months (azimuth dials)

style position for 12 months (analemmatic dials)
quarter of hour lines

user preferences (line thickness, colour etc.)

user interface and help files translated to new
languages
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Download, comments, suggestions, bugs ...

http://digilander.libero.it/orologi.solari

glancasalegno@yahoo.it



