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Abstract 

For this study, two equations are used to predict the length of the shadow. The first model estimates the shadow 
lengths for sticks with length 10, 20, 30, 40, and 50 cm per day for September.  The second model estimates the length 
of the shadow for any September day with a length stick of 50 cm. Those models formed the shadow's behavior 
depending on a stick's length and index day in September. The suggested system used to track the shadow path at 
north of Baghdad, Iraq from 7 a.m. to 5 p.m. on September 1st, 21st, and 30th, 2019. Depending on the Adj-R Square 
criteria, the result from the two models shows a good match with the (real) measured data. 
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Introduction 

The shadows are two-dimensional forms that result 
from three-dimensional movement and depend on 
the geometrical properties of bodies and the angle 
of incident rays of the sun [1, 2]. Shadow effects 
have played an important role in human life, in the 
past the shadow of buildings and mountain was 
used to know the time and the seasons[3]. 
According to the theory of astronomy, the factors 
associated with the shadow length and sun position 
in the sky depended on the latitude-longitude of the 
location such as azimuth, elevation angle from 
sunrise to sunset [4]. This change happens in 
everyday life due to the daily rotation of the earth 
around the sun [5]. Shadows have been used by 
many scientists in the photogrammetric and 
computer vision communities for detecting 
location. Over the past years, many studies have 
been developed especially when the increase of 
resolution satellite sensors. Where the shadow can 

be used to describe the color information for the 
change in its pixel value and appearance when 
shadow occurs [6]. Moreover, the estimated geo-
spatial details of the image by calculating the 
relative length of objects and their shadows [7]. 
Many researchers and studies have proposed and 
defined shadow behavior like using the shadow 
object of the application in various fields. In 2010, 
Khalil Ethar et. al. developed a mechatronics device 
that uses a solar cell to monitor the sun depending 
on the shadow. 
The concept is based on a sensory system using a 
database like sunrise and sunset or midday [8]. In 
2011, Y. Iwasaki and F. Yamazaki presented the 
collapse of buildings through visual perception 
based on shadow variations before and after the 
earthquake, and the town of Boumerdas was 
chosen as the site for this study after several 
buildings collapsed as a result of an earthquake [9].  
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In 2012. D. Howard presented a calculation of time 
and calendar (day, month, year) based on the 
shadows cast by the sun on objects in the 3D view 
of the physical world and the location of the sun. 
[10]. In 2013, W. Seo et. al. found the geometric 
function of the building that studied depending on 
the satellite image, the shadow construction, and 
the location of the sun[11]. Ninsawat and M 
Hossain introduced the shadow of the large 
building on the solar panels drawing attention to 
the sun's energy in 2016[12]. In 2017, M A 
Mohamoud used spherical trigonometry functions 
to estimate the Islamic prayer period in East 
African countries by shadow[13]. 
In this study, general models are presented to find 
shadow length of any object per day of 1st, 21st, and 
30th September. The second model estimates the 
shadow length for a length stick of 50 cm for any 
day in September for the location at the north of 
Baghdad, Iraq. The goal of the presented 
mathematical models is to estimate the shadow 
length precisely during any time of the year. 
 

System Overview 

In this study, a home-made system which consists 
of a horizontal flat piece of wood and a compass (to 
determine the north, south, west, and east) to 
correct the directions, colored chock, colored 
staples (to mark shadow’s length and path), sticks 
with length 10, 20, 30, 40, and 50 cm, and ruler to 
measured shadow length as a dispatch in Fig .1. 

 
Figure 1. The suggest homemade system tools to track the shadow’s 
sticks. 

This study focused on recording (measured) 
shadow length from 0700 to 1700 hours (military 
format time), for 1st, 21st, 30th Sep for five-length 
sticks. Then fitted data with a function to extract a 
general model using Microsoft Origin 2015. The 

Adj-RSquare used as a criterion to find the best 
model [14, 15]. The studied position is located at 
latitude 44.37 and longitude 33.66, 7 meters above 
ground level, and 40 meters above sea level in the 
northern Baghdad. Figure (2) shows a sample of 
the length and position of the shadows of different 
sticks 10, 20, 30, 40, and 50 cm for the September 
daytime. The new mathematical model proposed to 
describe the length of the shadow, where all 
parameters are described either by equation or 
table. These parameters can be changed with the 
change of length sticks, day, month, latitude 
location, longitude, high above ground level, and 
study sea level. The time of sunrise (Trs), sunset 
(Tss) and midday-time (Tmid) is obtained online to 
mark the data range only [16]. This study contains 
two parts, the first part related to reported shadow 
length for different stick height and extracts a new 
model to find the shadow length of any object. The 
second part determined the model used to find the 
length of the shadow for stick 50 cm in any time of 
September as a function of day. The model data 
compared with the calculated (real) data.  

 
Figure 2. The behavior of shadow length for five sticks length through 
a day time. 

 

Part I: Estimate Shadow Length from the 
different Stick 

This part consists of measuring the shadow length 
as a function of the daytime. Five sticks used with 
lengths of 10, 20, 30, 40, and 50 cm with a diameter 
of 1 cm. The concluded general model describes the 
shadow lengths for the diffident length stick in the 
1st, 22nd, and 30th September in 2019. The measured 
data marked with time sunrise range and sunset 
that collected online [16]. Local daytime (Th) in 
military format (24 h) replaced as the following 
relationship in midday time by (T). For this 
analysis, the local time (Th) for hours is changed to 
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T in terms of the intermediate time (Tmid) that 
collected online [16] depending on the relationship: 

T=Th - Tmid                                                       (1) 
Tmid is midday time that varies by the days and it is 
not always exactly equal to 12 o'clock. Equation 1 
used to change the local day time (Th) into T, where 

Th = 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17. Time T 
ranged from sunrise (-6) until sunset (+6) time. 
Figure 2 shows the change of shadow length for 5 
sticks with the day time (T) for 1st September with 
the fitted curve. 
 

 

Figure 3. The measured data with the fitting function for sticks (a) 10 cm, (b) 20cm, (c) 30cm, (d) 40cm, (e) 50cm, in the 1st Sep. 

The appropriate fitting function for the relation 
between day time and the shadow stick length for 
the 1st, 21st, and 30th determined by: 

             
      

  (2) 

Lji is the shadow length for any stick, j the length 
sticks (10, 20, 30, 40, and 50 cm), while i =1, 2, and 
3 is changing according to the days. So, when i=1 
that means these coefficients related for the 1st, 2 
for 21st, and 3 for 30th Sep. Equation 2 represents 
the general shape of the fitting shadow length data 
for each day and any stand sticks in September.  

The coefficients (Aji, Bji, and Cji) in equation 2 
extracted from the fitting shadow length curve for 
1st, 21st, and 30th September for the five sticks and 
listed in Tables 1, 2, and 3 respectively. 

These coefficients values are changing depending 
on many parameters like time or object position. 
Depending on the Adj-R value factor, a good fitting 
when approaching to 1. 

Table 1. The coefficients of the fitting shadow length for sticks length 
10, 20, 30, 40, 50 cm for 1st Sep. 

Stick 
index 

Length 
stick 
(cm) 

Aj1 Bj1 Cj1 
Adj –R 
square 

1 10 4.46 0.50 0.024 0.99 
2 20 9.49 0.75 0.057 0.99 
3 30 14.66 1.10 0.083 0.99 
4 40 19.78 1.50 0.111 0.99 
5 50 24.13 1.91 0.142 0.99 
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Table 2. The fitting shadow length coefficients for sticks length 10, 20, 
30, 40, and 50 cm for 21st Sep. 

stick 
index 

Length 
stick 
(cm) 

Aj2 Bj2 Cj2 
Adj –R 
square 

1 10 7.3 0.35 0.044 0.99 
2 20 13.8 0.60 0.087 0.99 
3 30 20.6 0.90 0.137 0.99 
4 40 27.5 1.20 0.172 0.99 
5 50 34.1 1.50 0.219 0.99 
 

 

 

 

 

Table 3. The fitting shadow length coefficients for sticks length 10, 20, 
30, 40, and 50 cm for 30th Sep.  

Stick 
index 

Length stick 
(cm) 

Aj3 Bj3 Cj3 
Adj –R 
square 

1 10 8 0.50 0.043 0.99 
2 20 15 0.75 0.093 0.98 
3 30 22 1.00 0.154 0.99 
4 40 29 1.25 0.200 0.99 
5 50 37 1.50 0.260 0.98 

 
The coefficients in a table (1, 2, and 3) are plotted 
as a function of length stick for each day to estimate 
the behavior relations between these coefficients 
with the stick's length as in Fig. 4 (a) 1st, (b) 21st, (c) 
30th Sep. 
 

 

 
Figure 4. The fitted line of the coefficients in tables 1, 2, and 3 with length sticks at (a) 1st, (b) 21st, (c) 30th Sep. 

The resulted fitting constants presented as a 
function of sticks length (j) for any day of Sep (i) 
which can be written as: 

Aji=  xi+yi.j                                      (3) 
Bji=mi+ni .j                                    (4) 
Cji=ti+zi .j                                       (5) 

Equations (3, 4, and 5) represent the result of the 
fitting constants as a function of sticks length in fig. 
4. 
The constants are changing according to the year 
days. So, choosing i =1 which means these 
parameters related of 1st Sep, and j is the stick's 
length (10, 20, 30, 40, and 50 cm). The values 
constants of equations (3, 4, and 5) are listed in 
table 4. 
Table 4. The constants of equations (3, 4, and 5) for 1st, 21st, and 30th 
Sep. 

Day 
in 
Sep. 

xi yi mi ni ti zi 

1st 
-
0.3886 

0.49648 0.081 0.03570 
-
0.0036 

0.0029 

21st 0.4590 0.67390 0.0400 0.02900 0.0013 0.00435 

30th 0.6000 0.72000 0.2500 
-
0.02500 

-
0.0123 

0.00541 

Equations (3, 4, and 5) should be substitute in 
equation 2 to present the first model to find length 
shadow (Lj) at any time (T) and length stick (j) for 

1st, 21st, 30th Sep. 
 

Part II: Estimate Shadow Length as a Function of 
the Day 

In this section, the system is consisting of the same 
details as in figures 1 and 2. The stick length is 50 
cm and the stick diameter is 1 cm. The shadow 
length time measurement from 0700 to 1700 hours 
for 1st, 21st, and 30th Sep. The fitted data of shadow 
length with the day represented as in Eq. 2. The 
value of the coefficients derived from the fitting of 
the 50 cm stick shadow length with the day time 
can be obtained from Tables 1, 2, and 3 from part 
one. The coefficients are plotted with the day index 
of Sep (i.e. the index of 1st Sep =165) and fitted 
curve shown in Fig. 5. 
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Figure 5. Fitted coefficients for the length sticks 50 cm with September 
days 

The estimated fitting function for the plotted data 
in figure 5 given by: 

A5 (di)= -46.45517+0.43102*di                   (6) 
B5(di)= 4.05136-0.013430*di                      (7) 
C5(di) =-0.54952+0.00411*di                      (8) 

The coefficient (A5, B5, and C5) are replaced in eq. 2 
to present the second model to find the shadow 
length (Ldi) of stick 50 cm in any day and time of 
Sep. 

                         (        
           )   

  (                   )  
     (9) 

Equation (9) represents the second model to find 
the shadow length (Ldi) for length stick 50 cm for 
any time (T) and day (di) in September where T is 
the time in term midday from Eq. (1). 

Results and Discussions  

The results of the two models can be presented as 
follow: 
Part I: The results of the shadow length extracted 
from eq. 2 (first model), where the values are in 
table 4, shown in Fig. 6. These results tested with 
the real measured shadow length of the same time 
for (a) 1st, (b) 21st, and (c) 30th Sep. 

 
Figure 6.  The shadow length from the first model with the real shadow length data for sticks 10, 20, 30, 40, and 50 cm in (a) 1st, (c) 21st, (c) 30th 

Sep. 

The shadow length changes through day time 
within any month for any object positioned outside. 
Figure 6 shows the shadow length of the first model 
in Eq. 2 represented by fitted line for all sticks in (a) 
1st, (b) 21st, and (c) 30th Sep.  The measured (real) 
shadow length for stick 10 cm represented with 
black mark points, 20 cm represented by yellow 
mark points, 30 cm represented in green mark 
points, 40 cm represented in pink mark points, and 
50 cm represented with red mark points. There is a 

strong agreement between the shadow length with 
different length from the first implementation 
model with actual shadow length details. This 
model can be adapted to find the shadow length for 
any time and days.  
Part II: Shadow length results for stick 50 cm from 
the second model (Eq. 9) shown in Figure 7, was it 
represented by the red line and the real shadow 
length in a black mark for (a) 1st, (b) 11th, (c) 21st, 
(d) 30th Sep. 
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Figure 7. The shadow length from the second model (eq. 9) with the real shadow length for (a) 1st, (b) 11th, (c) 21st, (d) 30th Sep. 

Figure (8) shows the results of the shadow length 
for stick 50 cm from a first model (Eq. 2) in red 
mark points and from the second model with blue 

mark points, and real data in Cyan line for (a) 1st, 
(b) 21st, and (c) 30th Sep. 

 

Figure 8. The comparison of two suggested models with real data for stick length 50 cm in (a) 1st, (b) 21st, (c) 30th Sep. 

 

Conclusion 

The proposed method works well to present new 
mathematical models for estimating global shadow 
lengths for the outdoor object on sunny days. The 
first new model has been introduced to estimate 
shadow lengths for stick lengths of 10, 20, 30, 40, 
and 50 cm with time every September day from the 
length stick. The second model determine a new 
approach for estimating shadow sticks length of 50 

cm in September according to the constant which 
can be a certain model for any area for the world. 
The small mismatch caused by missing data due to 
a cloudy day. The suggested method is simple and 
easy to perform around the world to measure the 
shadow precisely. It is necessary to measure the 
data precisely to reach high accuracy. The 
presented models can be used globally but with 
changing the values of the constants, because they 
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fit the presented location. 
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