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Abstract— Geo-spatial image tagging is increasingly used for 
improving image storage, retrieval and search. Currently, geo-
spatial tagging of images relies on GPS-enabled cameras, 
where the geographical location of the photographer is 
embedded in the image files. However, problems with the GPS 
approach is that it takes time for most GPS equipment to lock 
onto overhead satellites, GPS-enabled cameras are expensive 
and large image collections without geo-spatial information are 
common. This study explores a simple strategy for determining 
the approximate geographical location of the photographer 
from a series of images without considering the image contents. 
Two models are explored. The basic model is based on an 
image time-stamp profile alone, and the enhanced model 
improves the accuracy by incorporating the optical camera 
settings for the images and compares these with the elevation 
path of the sun. The strategy is applied to three image 
collections whereupon the approximate locations, i.e., the 
latitude and longitude, of the photographer were determined. 

Keywords-geo-spatial image tagging; celestial navigation; 
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I.  INTRODUCTION 
Current digital cameras provide high quality images at a 

low cost compared to just a decade ago. Advances in storage 
technology allow amateur photographers to take thousands 
of photographs without having to consider cost of 
developing film, printing and physical storage space. 
Consequently, personal image collections are growing at an 
exploding rate. Most people neither do have the time to 
carefully sort images into suitable categories, nor manually 
annotate images with textual information to help future 
retrieval. GPS-technology allows images to be tagged with 
the geographical coordinates of the location where an image 
is taken. This is very useful when taking many photographs 
in different parts of the world. The geo-spatial tagged images 
are therefore much easier to manage, store, retrieve and 
browse as images can be classified into approximate location 
and time [1, 2]. 

However, the GPS-approach to image tagging is 
problematic for several reasons. First, very few low-cost 
digital cameras are equipped with GPS-technology. Second, 
GPS-devices typically need several minutes to lock onto 
overhead navigation satellites. Third, the GPS-navigation 
infrastructure is reaching the end of its lifetime and one has 
no guarantee that there will be a publically available 
navigation infrastructure in the future [3]. Fourth, most 

digital image collections are not tagged with geo-spatial 
information. 

This paper presents a different approach to geo-spatial 
image tagging which is not reliant on GPS technology or 
similar geographical information systems. Moreover the 
strategy can be applied to existing image collections without 
geo-spatial information. The strategy exploits the temporal 
camera usage dynamics of the photographer and camera 
exposure settings. 

II. BACKGROUND 
Prior to GPS-technology seafarers navigated according 

the celestial bodies such as the sun, the moon and the stars. 
For instance, the compass can be used to obtain the 
orientation, or azimuth, of the sun and the sextant is typically 
used to obtain the elevation of the sun. The idea of celestial 
navigation has also been attempted in modern times by the 
means of using a digital camera as a form of digital sextant 
for robot navigation [4].  

Life is organized around the celestial motion of the sun. 
Humans are physiologically linked to daylight in a cyclic 
pattern. We get up in the morning when the sun sets and we 
typically go to bed at midnight to get an average of eight 
hours of sleep until the sun is remerging in the horizon. 
When on holiday we typically go on sightseeing during the 
day so that we are able to see sights in daylight. Moreover, 
photographs are also taken during daylight as good images 
require sufficient lighting. Based on this one can assume that 
images are taken in unison with this patters, i.e., one usually 
takes more pictures during the day than during the night. 
Moreover, images taken during the day are taken at more 
bright conditions than images taken indoors or at night.  

Most digital cameras are equipped with an internal clock 
that is usually set once the camera is first purchased 
according to the local time-zone. When travelling to different 
time-zones, most users do not bother to set the cameras clock 
to the local time-zone. All images taken with the camera are 
tagged with the time and date of the camera clock, often 
using the EXIF-format [1, 5, 6]. 

More advanced cameras capture additional information, 
especially the optical camera settings for the photograph 
such as the focal length of the lens (if adjustable), the 
exposure time, aperture and whether flash is used or not. 
Combined, the camera exposure time, aperture and flash 
information can be used as features to deduce information 
about the lighting level of the scene in the image without 
actually having to assess the actual image contents. 
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III. METHOD 

A. Temporal segmentation 
The first step of the proposed approach involves 

segmenting images into groups. Images separated by more 
than 24 hours are considered belonging to different groups, 
while consecutive images separated by less than 24 hours are 
considered as belonging to the same group. This 
segmentation approach assumes that clusters of photographic 
sequences are taken during holidays and travels. 
Consequently, personal image collections are characterized 
by long segments, of weeks or even months, with no picture 
taking activity. Moreover, long haul travel is time-
consuming and it is assumed that the photographer do not 
take daytime photographs during such travels. 

B. Determining longitude  
A sequence of images segmented into one group can 

span multiple days. The first step involves building a 
histogram with 24 bins where each bin represents the number 
of times an image was taken during that hour. The time the 
image was taken is extracted from the EXIF headers. Images 
taken at different days are combined into one histogram. It is 
assumed that the photographs are taken in the same time-
zone across the days spanned by the image group. The 
consecutive set of bins with fewest images are then 
considered night. Similarly, the bins with the most images 
are assumed to be taken during the day. If it is assumed that 
night lasts from 12am to 8am one can then determine the 
approximate time of midday tmax as being 4 hours into the 
day. 

Having obtained the approximate time of midday tmidday, 
the approximate longitude can be determined. If the local 
time zone of the camera is X, where X is the number of hours 
from universal time (UTC), then the universal time the 
photograph was taken is t = tmidday - X. The longitude is 
therefore: 
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where positive values represent degrees west and 

negative values represent degrees east. 
Even with a large error the continent can be accurately 

determined, say the Americas, Europe, Asia or the Pacific. 
Often, a rough clue to the continent of an image may provide 
sufficient information to the user. 

C. Improving accuracy  
The strategy presented herein relies on an internal camera 

clock and time-stamped images. These are realistic 
assumptions as nearly all digital cameras provide time-
stamps. Moreover, many cameras embed additional 
information such as exposure time, aperture and flash 
information in the EXIF part of image files. By incorporating 
optical camera configuration information in the model a 
more accurate estimate of longitude can be determined. In 
the proposed approach the exposure value EV based on the 

EXIF camera settings are first determined using the 
following equation [7-10]: 
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where if f is the relative aperture represented as an f-

number, i.e., f/2.8, f/4, f/5.6, f/8, f/11, f/16, etc, t is the 
expose time, or shutter speed, measured in seconds, i.e., 
1/1000 s, 1/500 s, 1/250 s, 1/125 s, 1/60 s, 1/30 s, 1/15 s, etc, 
and i represents the ISO-setting (film speed), which is often 
100. 

The exposure value can be used to make intelligent 
guesses about the scene contents and a summary of how the 
exposure value can be interpreted is provided in Table I. For 
example, a sunny day is characterized by an exposure value 
in the range of 14-16, while cloudy days are represented by 
exposure values of 12-14. Sunsets are often representative by 
exposure values of 12. Night scenes have an exposure value 
of less than 11. Similarly, indoor images often have an 
exposure value of less than 12. Well-lit places such as 
galleries may have an exposure value of 11, while a typical 
home may have an exposure value in the range of 5 to 7. One 
may subtract 2 from the exposure value if the scene is in the 
shadows. 

Then, to further accurately determine the longitude then 
the maximum value in each bin (hour) are determined as (ti, 
EVi). All values less than 10 are considered night and thus 
discarded. If a bin has a value above 16 then this value is 
discarded as a direct photograph of the sun and the second 
largest value in the bin is considered, and so forth. Next, the 
path of the sun in the sky follows a sinusoidal path that can 
be modeled using: 

 
DCBxAtf ++= )sin()(   (3) 

 
Clearly the period of the sinusoidal is 24 hours and 
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Midday, or tmidday is found by taking the t-value of the 

measurement with the largest exposure value EV. The 
longitude is then found by substituting tmidday into (1). 

D. Determining latitude 
Once the longitude is estimated the approximate latitude 

of the observer can also be estimated. This is achieved by 
determining the last bin with an EV close to 10 which is 
considered sunset. The time of the last bin with a value close 
to 10 after midday is considered tsunset. Then, an astronomical 
almanac [11] is used to find the latitude for the given 
longitude and date that result in the given time of sunset, or 
day-length. In this study a web-based sun calculator was 
employed. 

161



TABLE I.  INTERPRETATION OF A SCENE ACCORDING TO THE 
EXPOSURE VALUE (EV). THE DATA ORIGINATES FROM [12, 13]. 

EV Interpreted scene 
16 Bright Sunlight distinct shadows 
15 Sunlight distinct shadows 
14 Before sunset, Hazy sunlight soft shadows 
13 Before sunset, Cloudy day soft shadows 
12 At sunset, Shady scene in sunlight 
11 Just after sunset 
10 Just after sunset, night neon signs, indoor bright room 

9 Just after sunset, night arena sports, indoor sport event 
8 Bright street, Indoor offices 
7 Indoor home 
6 Indoor home 
5 Indoor home 
4 Outdoors at night 

 
[Exif] Image Description -                                 
[Exif] Make - SONY 
[Exif] Model - DSC-F828 
[Exif] Orientation - Top, left side (Horizontal / normal) 
[Exif] X Resolution - 72 dots per inch 
[Exif] Y Resolution - 72 dots per inch 
[Exif] Resolution Unit - Inch 
[Exif] Date/Time - 2007:02:24 19:30:58 
[Exif] YCbCr Positioning - Datum point 
[Exif] Exposure Time - 1/8 sec 
[Exif] F-Number - F2 
[Exif] Exposure Program - Program normal 
[Exif] ISO Speed Ratings - 64 
[Exif] Exif Version - 2.20 
[Exif] Date/Time Original - 2007:02:24 19:30:58 
[Exif] Date/Time Digitized - 2007:02:24 19:30:58 
[Exif] Components Configuration - YCbCr 
[Exif] Compressed Bits Per Pixel - 8 bits/pixel 
[Exif] Exposure Bias Value - 0 EV 
[Exif] Max Aperture Value - F2 
[Exif] Metering Mode - Multi-segment 
[Exif] Light Source - Unknown 
[Exif] Flash - Flash did not fire, auto 
[Exif] Focal Length - 7,1 mm 
[Exif] FlashPix Version - 1.00 
[Exif] Color Space - sRGB 
[Exif] Exif Image Width - 3264 pixels 
[Exif] Exif Image Height - 2448 pixels 
[Exif] File Source - Digital Still Camera (DSC) 
[Exif] Scene Type - Directly photographed image 
[Exif] Custom Rendered - Normal process 
[Exif] Exposure Mode - Auto exposure 
[Exif] White Balance - Auto white balance 
[Exif] Scene Capture Type - Standard 
[Exif] Contrast - None 
[Exif] Saturation - None 
[Exif] Sharpness - None 
[Exif] Unknown tag (0xc4a5) - 80 114 105 110 116 73 77 0 

48 50 53 48 0 0 2 0 2 0 1 0 0 0 1 1 0 0 0 0 
[Exif] Compression - JPEG (old-style) 
[Exif] Thumbnail Offset - 2486 bytes 
[Exif] Thumbnail Length - 11857 bytes 
[Exif] Thumbnail Data - [11857 bytes of thumbnail data] 

Figure 1.  Example EXIF information from an image file generated by a 
Sony DSC-F828 digital camera. 

IV. EXPERIMENTAL EVALUATION  
These preliminary results are based on 1453 images 

taken in Paris, Tokyo and around Ann-Arbor with a Sony 
FSC Sony DSC-F828 digital camera. The geo-spatial 
estimator was implemented in Java using the metadata-
extractor library to extract EXIF information from the 
images (see Fig. 1). The results are plotted in Figs. 2-4.  

Three types of estimations were performed. First, the 
approximate longitude was extracted based on the temporal 
camera usage pattern alone. The estimations are based on 
estimating midday as four hours from when the first photo 
was taken. The results shows that the longitude of Paris was 
determined with an error of 12 degrees, Japan was found 
with an error of 25 degrees and the Midwest was determined 
with an error of 38 degrees. Clearly, the error is high and it is 
as expected as the strategy assumes a relatively standard 
daily rhythm. This strategy will for instance not work well 
with individuals who get up late and go to bed late, or 
individuals who for some reasons take nocturnal 
photographs. Despite the large error, the strategy is able to at 
least indicate the continent where the pictures were taken 
(Europe/Africa, Americas and Asia). 

In the second longitude estimates the exposure value of 
the camera was taken into consideration where midday was 
defined as the time of the maximum elevation. The results 
show that Paris, Tokyo and the Midwest were determined 
with errors of 17, 18 and 26 degrees respectively. This is an 
improvement, with the exception of Paris. This strategy is 
also more robust to individual day rhythms as it only 
considers the absolute maximum exposure value. One 
shortcoming of this strategy is that it assumes that a photo is 
taken close to midday. 

The third estimation attempted to determine the latitude 
based on the sunset times and the celestial sunset model 
described herein using a sunset calculator. Time of sunset 
was defined as the time of the picture with an exposure value 
of 10 or more. The latitude for Tokyo and the Midwest was 
found with an error of 15 and 12 degrees respectively, while 
the error for Paris was 94 degrees as the altitude matching 
the observations was on the Southern hemisphere. 

V. APPLICABILITY AND LIMITATIONS  
The current approach is based on the assumptions that the 

user takes pictures during the day and hence lives according 
a “normal” day-rhythm, and that the users takes more 
outdoor pictures when travelling. The approach in its current 
form may not be suitable for non-sightseeing purposes such 
as collecting photographic evidence. This could be 
maintenance staff, traffic wardens, user interface 
professionals, etc. Moreover, the strategy results in poor 
accuracy for nocturnal photographs, for instance users who 
mostly takes pictures of their friends during parties at night. 
Moreover, the exposure value based strategy does not work 
for indoor photographs and only temporal data can be used. 
This is for instance relevant for people taking pictures indoor 
while attending a conference.  

However, geo-spatial information is just one of many 
possible image attributes. Images that for example are taken 
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by maintenance staff working at one site will not benefit 
from geo-spatial information. Geo-spatial information 
becomes relevant when images are taken at different 
locations, and holiday, travel and sightseeing photographs 
falls into this category. Moreover, such images are mostly 
taken outside during daytime. The method does not require 
that all images are taken outdoors – only that some of the 
images are taken outdoors. 

Although weather conditions may affect the results, the 
method is based on a collection of images and not just a 
single image. One may therefore expect that the strategy is 
statistically more robust to variations in lighting conditions 
incurred by weather conditions compared to methods based 
on single image content analysis. 

Besides being a very simple strategy to implement the 
method is also much for efficient than image contents based 
methods. 

In future work, we will refine and improve the location 
estimator and also explore the possibilities of combining 
temporal information, exposure information with image 
contents to further improve the accuracy and reliability. 

VI. CONCLUSIONS 
This paper has outlined a simple and highly efficient 

strategy to make intelligent guesses about the location a 
photograph was taken from the meta-information that many 
digital cameras store in the image files. The strategies 
assume that the digital camera has a constant internal clock 
which is used as a reference point to obtain a picture taking 
profile of the photographer. Based on the assumption that 
most photographers maintain a normal day rhythm by 
sleeping at night, a rough estimate of the local time zone, and 
hence, the longitude can be estimated. Moreover, by 
exploiting the exposure times and aperture settings of each 
image a more accurate and reliable longitude estimate may 
be obtained. The camera settings were also used to make a 
rough estimate of sunset times and hence estimate the 
latitude using a sun calculator. Future work involves 
applying statistical techniques to improve the reliability of 
the midday and sunset estimates based on fitting a sun 
elevation path to the relevant data points, exploiting more of 
the information available in data. Another avenue of research 
is to combine image meta-information with image content 

information to achieve more reliable and accurate 
measurements. 
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Figure 2.  Exposure values for Japan 
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Figure 3.  Exposure values for USA. 
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Figure 4.  Exposure values for France. 
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TABLE II.  SUMMARY OF EXPERIMENT  

 Attribute Paris, France Tokyo, Japan Midwest, USA 
Test location Time zone UTC+2 UTC-6 +8,9 
 Longitude 2.3 degrees East 139.8 degrees East 83.1 degrees West 
 Latitude 48.9 degrees North 35.7 degrees North 42.4 degrees North 
     
Test case Images in set 627 339 487 
 Time (first image) August 10, 2008 March 14, 2005 June 28, 2005 
 Time sunset 21:11 17:44 21:06 
     

Min time 7 22 11 
Max time 18 18 3 
Extracted time zone +1 +10 -3 
Estimated longitude 15 degrees East 165 degrees East 45 degrees West 

Longitude 
estimate based on 
temporal pattern 

Error 12 degrees 25 degrees 38 degrees 
     

Time max EV 12.9 1.5 15.8 
Extracted time zone -1 +11 -4 
Estimated longitude 13 degrees West 157 degrees East 57 degrees West 

Longitude 
estimate based on 
temporal and 
intensity pattern Error 17 degrees 18 degrees 26 degrees 
     

Time sunset EV (>9) 16.6 5.8 22.8 
Estimated latitude 45 degrees South 20 degrees North 30 degrees North 

Latitude estimate 
based on 
intensity Error 94 degrees 15 degrees 12 degrees 

 
 

165


