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FAWX EE A Study on Fine-tuned Flaks Surface Matching
Algorithm for Interactive Reassembly System of
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The Paleolithic era and the Jomon period in Japan produced a wide range
of stone tools, including cutting implements and weapons. Given their
durability compared to organic materials, such as bones, antlers, and
wood, stone artifacts provide significant evidence of the locations and
periods of early human activities because of their geographical
distributions and adaptive capacities in various environments. A rock is
knocked off with a stone hammer to make a stone tool, producing flakes
of different sizes referred to as flake stones. A core is the left stone
as raw material for stone tools when flake stones are knocked off. The
reassembly process on stone flakes is a one of important tool for
understanding ancient human activities. It is a reverse process of making
stone tool process and requires to identify firstly a core stone and

reassemble stone flakes on the core stone.

These reassembled stone tools can also have educational value as
exhibition materials at history museums. However, reassembling stone
tools is challenging archaeology; it consumes many human resources, time,

and special archaeological knowledge. In order to efficiently reassemble



stone tools, this thesis studied computer graphics techniques to assist
this archaeological research. This work is mainly focused on developing
a fine—tuned flake surface matching algorithm for interactive reassembly

system of stone tools.

In recent years, several reassembly approaches have been developed for
the reconstruction of fragmented archaeological artifacts such as pottery
and fresco wall paintings; however, the successful application of these
methods to reassemble stone tools has been limited for the following
reasons: (1) Irregular shapes of stone fragments: stone tools exhibit
highly irregular shapes, making it challenging for descriptor—based
methods to extract crucial features. (2) The lack of distinct regional
features on the flake surfaces further reassembly process. Flake surfaces
are fractured surfaces created when a stone flake is knocked off from a
core stone and tend to be smooth surfaces. (3) Global matching algorithms
have proven inadequate, given the requisite for partial matching between

pairs of flake surfaces.

The first study calculates point normal vectors of each input point
cloud of stone flakes. Then, stone flakes are segmented to extract the
flake surface. Also, to define the shape of the flake surfaces, a boundary
correction and contour points identification process are performed. Next,
according to several reassembly principles in archaeology, the stone
flakes are matched starting on the stone core by searching for the best
matching flake surface. In order to find the best matching flake surfaces,
a new fine—tuned flake surface matching algorithm based on contour points
is developed. Additionally, the surface of matched stone tools are
detected and reconstructed. The matching process is repeated until all
data are matched. To confirm the fine—-tuned matching algorithm’s
efficiency and wusefulness, an interactive system for stone tool
reassembly is developed. The system’s interface allows the control of the
reassembly process, enabling users to show visual representation and
evaluate the progress and accuracy of the reassembly work. Also, it
overcomes the familiar challenges in traditional reassembly methods, such
as the irreversible errors in incorrect matching. The experiment of this
system demonstrates its effectiveness and efficiency, highlighting its

practical utility in archaeological research.



We have implemented the proposed methods and tested the system with
three groups of stones. All groups are reassembled through our
interactive system with the fine—tuned matching algorithm. A limitation
of the matching algorithm is highlighted for future research. Experiment
results of the system indicate that the interactive system with the fine-
tuned matching algorithm can achieve superior matching results compared

to existing methods.
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