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Abstract— The Magnetic Observatory of Tatuoca (TTB) was 

installed by Observatório Nacional (ON) in 1957, near Belém 

city in the state of Pará, Brazilian Amazon. Its history goes back 

to 1933, when a Danish mission used this location to collect data, 

due to its privileged position near the terrestrial equator. 

Between 1957 and 2007, TTB produced 18,000 magnetograms 

on paper using photographic variometers, and other associated 

documents like absolute value forms and yearbooks. Data was 

obtained manually from these graphs with rulers and grids, 

taking 24 average readings per day, that is, one per hour. In 

2017, the Federal University of Pará (UFPA in the Portuguese 

acronym) and ON collaborated to rescue this physical archive. 

In 2022 UFPA took a step forward and proposed not only 

digitizing the documents but also developing an intelligent agent 

capable of reading and extracting the information of the curves 

with a resolution better than an hour, being this the central goal 

of the project. If the project succeeds, it will rescue 50 years of 

data imprisoned in paper, increasing measurement sensitivity 

far beyond what these sources used to give. This will also open 

the possibility of applying the same AI to similar documents in 

other observatories or disciplines like seismography. This article 

recaps the project, and the complex challenges faced in 

articulating Archival Science principles with AI and Geoscience. 
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I. INTRODUCTION 

The island of Tatuoca is located at Guajará bay, near the 
city of Belém, capital to the State of Pará, Brazilian Amazon. 
Its location near the geographic and magnetic equators makes 
it the perfect spot to monitor two important geomagnetic 
phenomena: (1) the Equatorial Electrojet (a narrow ribbon of 
electric current flowing eastward during the daytime, on the 
equatorial region of the Earth’s ionosphere) and, (2) the South 
Atlantic Magnetic Anomaly (the region where the Earth’s 
magnetic field has low intensity, resulting in greater cosmic 
radiation penetration). These advantages made Tatuoca an 

attractive place to install geomagnetic sensors to study the 
Earth’s magnetic field. 

First observations were made between 1933 and 1934 by 
a Danish mission supported by the Polar Year Commission 
and the Brazilian State, but building a permanent observatory 
was only possible later in 1957 [1]. From that year on, and 
until 2007, the Magnetic Observatory of Tatuoca (TTB) 
produced daily photographic magnetograms, until these 
variometers were replaced with digital equipment hooked to 
the internet, turning data transmission digital. Magnetograms 
were produced on photographic paper (25 x 52 cm) containing 
graphs representing the magnetic activity during the day. Data 
was extracted from these graphs manually, using rulers and 
grids, to take 24 average readings, one per each hour of the 
day. 

In 2017, UFPA and ON entered a partnership to rescue this 
physical archive, and in 2022, the project made a leapfrog in 
partnership with InterPARES research consortium. It was 
proposed developing an intelligent agent capable of reading 
and extracting the data from the graphs with a sensibility near 
to one reading every 2.5 minutes or less. This AI project, if 
successful, will rescue terabytes of data imprisoned in 50 
years of paper, increasing measurement sensitivity, and 
making historical data series available to global Geoscience. 
This development also opens the possibility of collaboration 
with other observatories and universities, to refine and apply 
the AI to other similar documents. 

This article recaps the particularities of this project and the 
challenges it faces, articulating archival science principles 
with computing and geoscience. We need to recover the ways 
and equipment with which the information was collected, the 
manual process involved, control the problems caused by 
ageing and decay of the documents, and introduce the models 
and calculations that geoscience requires, to produce an 



 

 

intelligent agent that would be capable of performing a 
trustable and efficient data extraction, similar or superior to a 
human operator. 

II. MAGNETOGRAPHS AND MAGNETOGRAMS 

A. Magnetographs and Magentograms at Tatuoca 

 There are two types of instruments for magnetic 
observation: those measuring the field’s temporal changes on 
a continual basis, producing observational estimates; and the 
ones calculating absolute values of the magnetic field at a 
precise moment [2]. In this work, we deal with photographic 
variometers or magnetographs, that are the first kind. 
Photographic variometers will plot the collected information 
into three distinctive curves, representing three of the vectorial 
components of the terrestrial magnetic field, commonly 
named N, D and Z. These variometers will have a drum where 
a sheet of photographic paper 25 x 52 cm will be attached, to 
roll at a constant speed throughout the day, providing marks 
indicating each of the 24 hours on an X axis [3], [4].  

In the island of Tatuoca, photographic variometers 
endured harsh conditions of temperature, humidity and 
electric supply. The island is located in the Intertropical 
Convergence Zone (ITCZ) and it is subject to heavy monsoon 
seasonal precipitations that may surpass 400 mm/month, 
being classified as Af (tropical rainforest) under Köppen-
Geiger scale. The average temperature is between 23° to 34°, 
combined with a humidity between 70% and 100% [5]. The 
Electromagnetic Observatory of Tatuoca (TTB) has been 
flooded more than once, being all the island submerged under 
water. 

As this location is just 216 km from the Atlantic seashore, 
there is a confluence between the Amazon River and the sea, 
that creates a corrosive atmosphere for electronic devices and 
rubber isolations. Photographic variometers were located in a 
variation room with no climatization, so this exposed them 
and the magnetograms to stress. The island electric grid was 
fed by a generator that would have voltage fluctuations that 
sometimes affected the magnetograms. These conditions must 
be taken into account, as they affected the historical conditions 
for collecting and registering data [3], [6]. 

TTB turned digital and began transmitting data via internet 
in 2007. Magnetograms and their related documents were 
stored at Goeldi Museum in Belem city. Some of them were 
housed in carboard boxes, other in paper bags; some were tied 
with strings into piles secured to wooden boards, and some 
were sent to the Magnetic Observatory of Vassouras, in Rio 
de Janeiro. All magnetograms were packed according to their 
year and date of creation. This archive was kept in a metal 
cabinet and two shelves supported on the archive’s walls. 

TTB magnetograms can be grouped into two categories: 
(1) raw documents, with their X axis and three graphic lines 
identified with handmade pencil markings (figure 1); and (2) 
improved magnetograms, where pencil marks were replaced 
by rubber seals that made their reading clear and easy (figure 
2). The archive, as per the assessment made by the Faculty of 
Archival Science at UFPA[7], included 59 boxes with a total 
weight of 459 kg. Some boxes would weigh up to 13 kg, a fact 
that affected some of the documents, as they curved under 
such a heavy weight, as the boxes were not stored 
horizontally. The estimated number of documents was 18,000 
magnetograms and 17,230 associated documents (year books 
and absolute values forms, shown in Figure 3). 

As it can also be seen on the images, a part of the archive 
we estimate can reach 30%, has been affected by humidity and 
termites, as the open shelves were in direct contact with the 
walls. Black spots (Figure 2) correspond to light burnings 
produced during the original process of data capture. As these 
sheets were photographic paper, the marking of the graphic 
lines was a chemical reaction produced by sunlight burn, and 
not ink printing. This means that photographic variometers 
had to operate in a “dark room” condition or have a closed 
structure to avoid light-burning the whole sheet. 

Each magnetogram is also hand-marked at the back with 
pencil, with three main features: D, T and H (Figure 4). 

 

 

 

 

Figure 2: Improved magnetogram (Tatuoca Archive Images 2019) 

 

Figure 3: Magnetogram associated documents (Tatuoca Archive 

Images 2017) 

Figure 1: Raw magnetogram (Tatuoca Archive Images 2017) 



 

 

 

Figure 4: Pencil marks at the back of the magnetogram for Day, 

Temperature and the Hour when the photographic sheet was 

replaced for a fresh one (Tatuoca Archive Images, 2019) 

The specific model and brand of the photographic 
variometers that produced these magnetograms are in the 
process of being identified. Some of this equipment is kept at 
TTB, although, the preservation process has not begun so they 
are locked away. This data will also be recovered from ON’s 
archives. Identifying models and brands is important as it let 
us differentiate, when assessing the result of AI algorithms 
applied to these images, what can be attributed to the typical 
behavior of the brand and model of the equipment or its 
calibration, or the effects of temperature in them, and when 
bias might be attributed to the algorithm.  

Contextual information about the observatory, its 
equipment and environmental condition is very important for 
the interpretation of the historical contents of its archive. The 
graphic representations in the magnetograms gain sense 
thanks to this context, and warn us about possible sources of 
bias that should be adjusted, if we want to have reliable 
outputs from any AI acting in the extraction of this data. This 
is the area where information science and archival science act 
as a valuable complement to computer science and 
geophysics. The archivistic principle of “respect to the archive 
fonds”, or understanding their original circumstances, must be 
followed. The particular conditions of humidity, monsoon 
rains and electric storms flooding the island, and the 
particularities of the electric supply to the observatory, added 
to the corrosive air in the region, are key to understanding the 
conditions that can produce bias in these records, that maybe 
the AI will have to consider when interpreting the 
magnetograms. 

B. Decyphering manual data extraction from 

Magnetograms 

Although automation at magnetic observatories has 
increased, a fully automated operation remains a challenge. 
This gap impacts the operation of observatories in  remote and 
inhospitable areas, where trained human operators may be 
scarce [8]. Tatuoca is no exception, so it relied heavily on a 
team of technicians who needed to learn the art of dealing with 
the adjustment of variometers for measurements, and also 
understand the precautions required to avoid damaging the 
photographic paper used to register the data. This expertise 
defined the quality and reliability of the images on the 
magnetograms of the Observatory.  

As each magnetogram would also require certain 
metadata, before TTB turned digital, operators had to 
undertake the duty of marking basic information on the 
magnetograms [3], [6]. As already stated, Tatuoca produced 
some of these documents including just handwritten pencil 
marks as metadata, and a second batch, when most of these 
marks were printed in blue ink, using rubber seals. In this 

research we had not yet been able to interview the technical 
personnel that maintained the station between 1957 and 2007.  
Some of them have passed away, some of them relocated to 
other areas of Brazil. Although, this is a pending chore that 
should be completed in 2023, as understanding human 
operation on the field is a critical part of the assessment 
required to build a strong AI. 

From the evidence found in the archive, it can be stated 
that magnetograms would only mark the X axis and the three 
curves corresponding to N, D and Z. No data, location 
coordinates, hour or other marks were included. If the operator 
failed to mark this, the magnetogram would be useless. Using 
blue ink and rubber seals proved to be a resistant element to 
ageing; pencil marks are also resistant but, handwriting creates 
a paleographic problem that seals solved in a simple way. All 
reviewed magnetograms had these blue marks in a perfect 
readable state. They will also indicate LT and VT units along 
the X axis, the time of the day every three hours, the 
identification of each curve (N, D, Z), latitude and longitude 
of the Observatory, and the date of beginning and end of data 
collection (for example, Dec.26, 1999 at the upper left side of 
the sheet, and Dec. 27, 1999 at the right, Figure 2). 

On the contrary, pencil handwritten metadata at the back 
of the magnetograms is a challenge. Three numbers in small 
case always at one side of the sheet: a date (the latter of those 
stamped on the front of the document), the hour (supposedly 
the moment in which the variometer was reloaded and put to 
work, usually 21:00 hours), and temperature expressed in 
centigrade. During the digitization pilot of the documents, this 
implied a cumbersome operation taking a close up of that 
section, as otherwise the image will not be readable. From a 
preservation point of view, this information has a higher risk 
of disappearing, as some of these inscriptions are fading away. 

A digitization process (not to be confused with just 
digitization of images) requires deep knowledge and 
understanding of the practical problems at each observatory, 
and the particularities of each recording instrument [9]. 
Rescuing the memory of the operators of the Observatory 
would help us understand better the ways in which data was 
collected on-site, and with that, the best way to program any 
AI. This is a contribution of archive science to this task, as it 
preserves the context of the documents’ creation. 
Digitalization with an AI requires this context to balance data 
processing, being faithful to the process, but also conscious of 
its possible bias introduced in the datasets. 

III. THE CURRENT STATE OF THE ARCHIVE 

A. Physical layout and archival preservation 

Between years 2018 and 2019, the TTB had its first 
intervention including a new layout of the room where the 
documents were stocked. Several tables were aligned 
following a work division that included box opening and 
cleaning, registration of the magnetograms in a control 
database, digitalization and re-boxing. This was made as a 
pilot test for the box marked 1999, before the COVID-19 
pandemic forced the operation to stop. This archive room was 
used by technicians of the observatory to store nonfunctional 
equipment and work, so organization needed to be improved. 

The archive had an air conditioner not working 
permanently. As Goeldi Museum is surrounded by a tropical 
rainforest park of one hectare, humidity was high, and the 
atmosphere inside the archive was dense. The premises of the 



 

 

Museum are historical buildings, with old wood beams that 
acted as a channeling way for termites, that were discovered 
in one of the archive boxes when returning in August of 2022. 
This to state that the archive premises require a full redesign, 
as they were not thought for a documental collection, but as a 
deposit. From a geoscience perspective, data into these 
documents is precious; from an archival science perspective, 
the physical documents are the treasure, as they will serve as 
undeniable evidence of their content and context. 

 In June 2022, the TTB Archive project made a visit to the 
Archive of the Observatory of Niemegk, Germany. Two 
particularities were noticed there: (1) boxes were similar in 
design to those used at the Observatory of Vassouras, made 
from a cardboard that seems not to be acid-free; (2) 
magnetogram boxes, that are rectangular, were stored lying on 
their wider side. In TTB, to lessen the space occupied on the 
shelves, boxes were organized like books, lying on their 
narrow side. This, combined with the excessive weight of 
some of these boxes, which can reach 13 kg, curved some 
magnetograms risking permanent damage to their shape. 
These situations were corrected in July 2022, but their 
consequences will be assessed when the digitizing process 
begins. 

Other documents like yearbooks and forms for absolute 
values included clips and staples on their pages, elements that 
facilitated corrosion and stains on the documents. The 
association between these documents and the magnetograms 
is hypothetically stated in their identification but, the bonds 
between these datasets are to be confirmed. TTB Observatory 
had to face constant obstacles to collect information and 
deliver it to the researchers, so the archive organization and 
preservation were the least among the problems. This project 
is simultaneously running the physical rescue, digitization, 
digitalization and curation of TTB records and equipment. 
Each of these levels will have consequences in AI 
programming. Our success in rescuing, organizing, describing 
and preserving the Archive and its context will affect the 
ability to program not just an efficient algorithm, but a reliable 
solution.  

B. Magentogram conservation and digitization 

 The process of digitization of TTB magnetograms is 
defined by the state of the physical archive. As said, a pilot 
process was run between 2018 and 2019 using the 
magnetograms of year 2019, including photographic tests. 
This pilot permitted designing a layout to support all the 
activities and personnel required for the rescue, and produce a 
time and motion study to calculate how many people and time 
would be required to fulfill the activities. It also let us evaluate 
in a sample the state of preservation of the documents. 

 A main concern on preservation and digitization is that 
some of the magnetograms are stuck together due to humidity 
and mold. Separating them usually destroys a part of the 
document, so we have been looking for any physic-chemical 
solution, without results yet. Other problems are the stains 
produced by some kind of clay or grease on some 
magnetograms, which was impossible to eliminate, or burning 
produced by light (Figure 2, bottom). These last imperfections 
do not disturb digitization, but will be a challenge for the AI 
algorithm. 

 The “C” deformation of some magnetograms will be a 
concern if they do not flatten during the next months, so they 
can be easily scanned. Other than this, the Kodak 

photographic paper of the magnetograms has proven to be 
quite resistant to the harsh conditions of the Amazon and its 
plagues, mainly termites, ants and moths. No problems with 
rodents were reported. It has been estimated that up to 30% of 
the collection might not be suitable for digitization, but it is 
too early to know if damages are concentrated in certain years, 
or spread along the collection. A final concern is how much of 
the context of the collection we will be able to rescue, that is, 
related documents with clear bond to magnetograms, 
information about the equipment, and historical conditions of 
the operation at TTB.   

C. Using document photography or scanners? 

The special A2 size of magnetograms (52x25cm) has 
implicated that no commercial scanner can be used, but large-
format machines. Using image stitching programs with A4 
bed scanners was discarded, as it was time consuming, and 
required intense labor. This led to document photography 
being considered. The debate on this has centered around a 
few basic problems: (1) cost of equipment, 2) portability, and 
(3) resolution. As the house of the archive, which is Belém 
city in the state of Pará, is located more than 3,000 km away 
from main capitals like Rio de Janeiro or São Paulo, buying 
A2 flatbed scanners has not been considered due to their size, 
weight and cost. Document photography offers a competitive 
cost and good portability, but loses in resolution and quality 
of image in front of wide format traction scanners. As we are 
dealing with historical documentation that cannot be risked to 
rip into one of these traction mechanisms, vendors offered as 
a solution the possibility of using transparent plastic envelopes 
while scanning on a 180° angle. In regard to resolution 
expressed in dpi, advisers at InterPARES recommended 600 
dpi, but wide format traction scanners offer up to 1,200 dpi for 
a competitive price around 3,000 €. Brazil does not produce 
these scanners, so they must be imported. 

We have found that questions about what would be the 
best solutions for digitization depends on the particular 
conditions of the observatory, and can only be defined by 
experimentation. In the meantime, the project is looking for 
funding to have the necessary equipment to make the trials. 

IV. AI CHALLENGES WITH MAGNETOGRAMS 

A. Magnetogram digitization or digitalization? 

The efforts to preserve and extract the information trapped 
in physical magnetograms, yearbooks and absolute value 
annotations at magnetic observatories are recent, and faced 
complex challenges. In 1997, first attempts to compare 
computer-produced and hand-scaled K indices were made at 
the observatories of Port Aux Francais and Port Alfred French 
[10]. The paradox was that although computer determinations 
were not as good as those hand-scaled by specialists, the 
machine followed rules better than human observers. The 
explanation to discrepancies between both originated in the 
definitions that were used by the programmers, that 
introduced bias. 

Since then, most efforts have focused on digitization of 
physical records. In Spain, Observatori de l'Ebre scanned 
magnetograms on A4 scanners at 150 dpi, storing them on 
CD-ROM as bitmaps. As magnetograms were too big to fit in 
commercial scanners, the image had to be taken in three 
sections and stitched with software. They reported using an 
algorithm that was validated comparing its output with manual 
results, but no specificities were included in their report [11]. 



 

 

Other projects had preferred to hire typists to enter the 
data, as hand-written tables with their complex calligraphy 
were not suitable for OCR reading, not to mention damages 
suffered by the paper due to age. This was the case of the 
French magnetic hourly data series in 2006. They developed 
a software called GETOLD to facilitate typing and reduce 
errors [12]. 

The British Geological Survey (BGS) in 2008, solved the 
problem of magnetogram size by using document 
photography. They used a Canon EOS D5 Mark II with 21 
megapixels resolution and flat plane 60 mm macro lens at 
fixed focal length, to minimize distortion. The background 
was a grid to control distortion. Images were stored in 
JPEG2000 format. They used an extraction algorithm on Java 
environment, based on manually overlapping control points 
with the mouse to magnetogram images [3], [13]. As this 
solution required manually tracing the curves, although 
variations in front of manually extracted data were not 
significant, the system was not efficient. Therefore, these 
images were used to study restricted data series, like extreme 
solar storms. The software used to convert the analogic images 
of magnetograms into digital values was Engauge Digitizer 
[9].  

From then on, the strategies to unlock the data in physical 
magnetograms or similar documents repeat themselves, 
focusing on digitizing, but not digitalizing. That is capturing 
the physical image with digital means, but not reading the 
curves and extracting the data into them by applying the 
necessary calculations, which is the repetitive activity that 
consumes time and up until now, it is only performed by 
human operators. A number of these efforts have applied to 
seismographs and magnetograms, whose graphical nature 
differentiate them from tables and yearbooks, that are 
composed by written numbers. Plenty of examples can be 
found at J9 Analogue Data for the Future, work group from 
IAGA-IASPEI 2021 [14]. 

Although the BGS reported at IAGA 11th Scientific 
Assembly advances in semi-automated procedures to convert 
the magnetogram images into digital values [13], it seems that 
those systems still depend in an significant level on human 
operators and exhaustive repetitive labor to extract data [3]. 
Problems with preserved physical magnetograms, their 
images in microfilm or digital format are similar: still, we have 
no tools to massively and efficiently convert these graphic 
traces into digits. 

On this regard, only the Kyoto University and Kakioka 
Magnetic Observatory seems to have projects compromised 
on developing software that can trace magnetogram curves 
and extract data without human intervention [15], [16]. In 
conclusion, although some software had been designed for 
data extraction, no reference to Artificial Intelligence (AI) 
appears to be central in the developments related to data 
extraction from magnetograms and similar historical 
documents. 

B. Is Artificial Inteligence the way out for Magnetograms? 

 Since observatories began turning digital during the  1960s 
[17], automation using this new digital input advanced 
significantly, but data extraction from analogic sources like 
old magnetograms did not. Digitalization of processes at 
observatories solved ongoing problems, and opened the 
possibility of using multiple analytical tools that extract more 
information than what was possible from photographic 

records [2], [8], [18], [19]. However, for historical records the 
main step taken was digitization, and the advance on 
digitalization using AI had not been exploited. We have digital 
images but still extract data from them based on human effort, 
which seems to be easier but less efficient. 

 As efforts were launched to digitize old magnetograms, 
seismograms and similar documents, these projects used 
different solutions (bed scanners, image stitching, document 
photography, typists) and stored images in different formats 
(microfilm, JPEG, TIF). Metadata guidelines were developed 
by IAGA, but still, various other issues need to be addressed 
from the archival point of view. Archival science looks for 
reliability, permanence and completeness, preserving both 
documents and context, if we are to adhere to the principle of 
respect des fonds d’archive. With digitized magnetograms we 
work with “original copies” or duplicatas: a “copy that has all 
the essential aspects from the original” [20]. But as we “clean” 
digital images, or fill gaps in their curves applying 
mathematical functions, we are “modifying” the document. 
This is not a critique to such solutions, which are good and 
valuable, but an invitation to a pending debate on the 
conditions for originality in digitized magnetograms and 
similar documents, that now is central to archival sciences, 
when speaking about digitization and AI [21]. 

  Projects working in rescuing these documents and turning 
them into usable-and-available data agree that the process is 
time consuming, labour intensive and complex. Barriers 
originate from historical registration protocols, limitations of 
the printing/photographic sensors, and the decay of the 
physical documents that are heterogeneous (smoked, bromide, 
thermal or photographic paper, etc.) [9]. However, we also 
face gaps in the information: lost cross-references between 
different documents like magnetograms and absolute value 
annotations. Even the type, model and brand of the instrument 
used to collect the observations, and its environmental 
conditions are needed to adjust the readings crafted into those 
documents. Part of the context problem in archival terms 
implies a museology work, recovering and understanding the 
equipment, and the historical circumstances at each 
observatory. 

 In front of this huge challenge, it seems clear that revisiting 
and reanalysing historical records enriches our current 
knowledge [22]–[24]. This is why the magnetogram rescue 
project at TTB took the chance of dreaming about developing 
AI to extract the data into its documents. The original project 
in TTB began in 2017 as a physical rescue and preservation 
plan, to be followed by digitization [26]. The decision of 
introducing AI was taken in March 2022 supported by the 
work that InterPARES is developing within that area [25]. 

 For image processing, the TTB project aimed to produce a 
prototype software that would process magnetogram images, 
first for contour recognition of the document area, followed 
by image clipping. Images should be treated with filters, 
correcting i.e., lighting problems, ink wear and tears on the 
paper, stains caused by fungi and termites. Test images were 
taken using document photography at 14Gb, but as they were 
transferred using e-messaging, their resolution was reduced 
drastically. These images were mapped to identify the 
coordinates of the inflection points in the curves of the 
magnetograms, to develop vector images. However, until this 
stage, the project had not reached the development of an 
intelligent agent that might control the process, as 
vectorization must be programmed by a human operator. This 



 

 

has followed a similar path to the Mexican Tiitba project, that 
developed a python coded GUI for correction and 
vectorization of old seismograms [27].  

 Stain removal has been an issue, just like it was in the case 
of the Kyoto magnetogram project [15]. It was necessary to 
balancing the bad condition of some magnetograms at TTB 
without reducing the bit-size of the image. Filters were tested 
in a standard resizing up to 900 pixels wide, to lessen the 
computational cost of the operation. The binarization of the 
image included converting grayscale to black and white, 
followed by the application of a Gaussian Blur filter, and 
morphological filters of erosion, dilation, and closure to 
reduce visual noise. As the photograph used in these tests 
covered an area larger than the magnetogram itself, the image 
was cropped to the exact size of the document. Black and 
white conversion improved contrast, minimized loss of 
information, and made the file lighter. Up until here, we have 
been working in digitizing. 

 For digitalization, that is AI development, we obtained the 
support of professor Mario Gongora at De Montfort 
University. Most experts in the area are captured by private 
ventures, so projects like TTB suffer from a lack of expert 
support. The activities planned for 2023 on data extraction are: 

(1) Conceptualize the intelligent agent for data retrieval 
and storage of N, D and Z components, including 
metadata such as location, date and temperature. As 
annotations in cursive and typed letters in the 
documents are very simple, this content will be 
included in a database by typists. 

(2) A more difficult decision is how to deal with absolute 
values in daily forms and yearbooks related to each 
magnetogram, as some of them are manuscript. This 
may require a different approach to be cost effective. 

(3) The environmental conditions of the Observatory 
and its equipment are part of the archival context. We 
will recover these details to introduce them into the 
model as constants or specific values affecting the 
records. This information will also refer to 
operational practices at the observatory if they prove 
to be relevant. 

(4) Vectorization of the magnetograms is under 
discussion, as a vectorized image would require data 
extraction as a previous step. As geoscientists are 
more interested in data values than on their graphic 
representation, it is to be decided whether this step is 
worth the effort. 

(5) Validation will be carried by comparing the values 
obtained manually with the values generated by the 
algorithm. The margin of tolerance for any 
difference have to be calculated, as well as tolerable 
gaps in the information [3].  

(6) Storage in databases including metadata, 
visualization tools and a shareable catalogue 
following IAGA’s parameters have to be design. 
This also includes developing a data curation plan for 
the future. 

V. DISCUSSION 

Rescuing and extracting data imprisoned in analogic 
records like magnetograms, seismograms and the like, is an 

interdisciplinary area where information science, computer 
science, archival science and natural sciences need to work 
together. Archivists and computer experts need to approach 
and appropriate natural science, as geoscientists need to 
acquire a documental perspective. With the advance of AI, 
machine learning applied to archive management may bypass 
many of the problems that have been already described. As 
data buried into historical documents can reach the volume of 
a “little big data”, aside from developing AI algorithms, we 
need to explain and document them, so the logic involved into 
their decisions is supported, clear and transparent [21]. 

Al penetration in archival sciences is limited yet, but 
growing, mainly in the area of knowledge processing [28]. 
Key questions are: When do we need human intervention?  To 
what extension can the tool be trusted with minimum 
supervision? How we can identify bias in AI output in the 
short and long run? As a fundamental concept from archival 
science, records should be maintained in the format they were 
created. This is the only solid base that we have to confront in 
the future, the production of biased datasets or their 
destruction. On the other hand, digitized images and 
digitalized data extraction from historical documents will 
require a significant investment in infrastructure and 
management of these digital surrogates. And most important, 
turning digital will not solve integrity or conceptual issues, but 
magnify them [29]. 

There are AI projects that had been successful in dealing 
with historical documents, like READ [30],  Transkribus [31] 
and Time Machine Europe [32], and may provide solutions. 
We need to select an AI approach and partners and/or 
knowledge suppliers, as the complexity of the task may 
demand it. Should we have an off-the-shelf solution with AI 
functionalities, or a bespoke cooperative project? The first 
gives less autonomy as we depend on a vendor/supplier that 
limits any modifications to the algorithm, but requires less 
expertise. The second implies freedom to develop, but it 
involves specialized skills and wide cooperation [33]. 

Finally, developing an AI project for a scientific 
community requires four elements that would define its 
continuity: 

(1) Trust, by ensuring an authoritative, effective and 
efficient tool, free of inaccurate or inconsistent 
results. 

(2) Transparency and documentation, that will impact 
trust, usability and the possibility of new partners 
receiving the post to continue enhancing the project. 

(3) Security, as breaches that might compromise the 
persistence of the algorithm or the curation of its 
output and documents of origin, whether digitized or 
physical, will put in peril such collective memory. 

(4) Standardization and compliance, that will guide 
massive data machine processing, with transparency 
or openness [34] 

 The duties and benefits for those participating in 
these projects must be equilibrated; the benefits and the 
costs to the community must also be paired. The possible 
gain and impact in terms of the different scientific areas 
and types of documents rescued using AI solutions, must 
be assessed to find if the effort is worth in terms of a 
“market”, that would be willing to provide the resources 
necessary to develop the project. 



 

 

VI. CONCLUSIONS 

With this article we have tried to give an overview of the 
TTB Archive project, its possibilities and complexities.  

It is clear that this is a serious challenge that is worth 
solving, but we will need an international, interdisciplinary 
and cooperative team to face the task. At the same time, we 
need to form young researchers that can upgrade and preserve 
this AI and the databases that might result from it, keeping an 
eye on their archival reliability, while protecting them from 
obsolescence in the technical aspect. 

Any AI solution must be discussed not only from the 
algorithmic point of view, but from the ethical and contractual 
perspective. How we are going to fund this effort, while 
maintaining it as open as possible to the community? How we 
will solve funding problems of development and maintenance 
of AI and its output (i.e. data curation), not only from the 
computing perspective but also from the archival perspective? 
How to balance the benefit to all users while fairly rewarding 
those who commit into the effort of developing the project? 
Although an off-the-shelf solution could be easier, a bespoke 
global collaborative structure between multiple observatories 
and interdisciplinary groups, could give more independence 
and create capacities both in computing and archival areas. 

The size of datasets required to train an AI will be 
definitive. Open and transparent access to the logic within the 
algorithms must ensure that procedures are clear and 
satisfactory to all participants. On the other hand, the system 
cannot be vulnerable to modification, neither turn so complex 
that this becomes not usable to most users. 

Defining empirical testing models to ensure that the 
resulting data will have no significant differences from those 
manually calculated is a must. Additional algorithms 
analyzing long term series of data resulting from extractions, 
to perceive possible biases or unusual data behavior, should 
be a second tier of data validation. Big data-packs produced 
by numerous iterations may hide small bias, only perceivable 
by a second AI constantly checking them. Although, the level 
of accuracy of the AI must be a balance between cost and 
benefit. 

The documents to be processed at magnetic observatories 
or similar centers include graphical statistical curves, but also, 
bonded written documents. As AI still is a solution limited to 
quite specific functions, it might be necessary to blend it with 
alternatives like type-writing or vectorization. All will depend 
on the particular situation of the archive and a cost-benefit 
assessment. Collaboration between observatories is a must, 
balancing the solution of particular problems at each archive 
without abandoning the developing of general solutions for all 
observatories. We must balance particularity with generality 
to rescues as much archives as possible.  

Integrating context as well as open and transparent data are 
very important for reliability in archivistic terms. This 
demands the introduction of descriptive metadata and 
paradata, not only related to the values in the magnetograms, 
but related to the extraction, logic, definitions and routines 
included into the IA, and the circumstances of the context of 
the observatory that might be relevant in term of errors or bias. 

To ensure trust, transparency and security, archival 
science might contribute with the discussion of 
complementary standards to IAGA’s. With AI developments 

we enter terra incognita, and proven archival standards will 
help containing future complications. 

There are challenges in the choice and design of the AI 
algorithms to be used. There are very advanced Deep Learning 
techniques that will allow to clean and analyze images, extract 
information from images (plots) and model a process from 
data. A critical decision is to combine them correctly to 
achieve a robust and accurate digitalization of the archive. 
Image processing can handle damage and inaccuracies; 
modelling can be used to estimate data where it is lost. All this 
can make the data extraction more reliable and accurate. Deep 
Learning techniques are essentially black boxes in terms of 
how they reach to a result. This means they do not provide a 
transparent solution; we essentially trust their result after a 
large sample validation. Hence, combined with other 
techniques which provide transparency (e.g., knowledge-
based systems, symbolic AI, etc.) quality of output and trust 
in the system can be enhanced. We will require significant 
expertise and experience from multiple disciplinary 
perspectives, in addition to AI programming skills, to achieve 
our desired objectives. 
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