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Harnessing the Power of Public Consensus in the Search for Genghis Khan's Tomb

Albert Lin, Falko Kuester; Gert Lanckriet; Luke Barrington

High-resolution, multi-spectral imagery holds great promise for the detection of archaeological sites, yet presents a major challenge due to the enormous data set size when studied on a regional scale. Dealing
with this type of "Big Data" makes the swift transformation of data into information and subsequently, understanding, knowledge. strategy and finally decision, vital for search and discovery efforts. Crowdsourc-
iINg holds the promise to galvanize the strengths of large cohorts of individuals to approach problems that are computationally difficult and inefficient [1]. Our research introduces a crowdsourcing approach to
search for sites that are ambiguous and difficult to locate. In the presented approach, possible locations are tagged by participants, leading to hundreds of thousands of individual annotations. These tags natu-
rally cluster on centers of consensus, uniquely capable of identifying cultural heritage sites, as was demonstrated by on-site validation of the findings.

crowdsourcing

We created a platform[2] to engage online volunteer participants to
survey massive amounts of ultra-high resolution satellite imagery for ar-
chaeological sites in Northern Mongolia (Figure 1). The platform was
setup in collaboration with National Geographic Society’s Digital De-
partment, allowing thousands of citizen scientists to participate.
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Density-based clustering [3] solved the big data problem of analyzing
the collected tags. For each annotation a consensus index was calcu-
lated based on the number of nearby annotations, k, and the number of
views, v, for a specific radius r ( ). Points within the radius r of each
other are considered a cluster and assigned with the largest agreement
index of the cluster.
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Using the results of the data analysis, we lead two expeditions to
Northern Mongolia in search of the archaeological anomalies discov-
ered by the online participants (Figure 4). Armed with mobile tablets, we
were able to stream the latest data to the field and make actionable de-
cisions in real-time.
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FIGURE 4: BY STREAMING DATA (a,b) INTO THE FIELD WE COULD ACTIVELY LOCATE
SITES PARTICIPANTS HAD TAGGED. THIS ALLOWED US TO QUICKLY EXPLORE AND DIS-

o | ¥ number indicate weak consensus as seen in . Sorting the clus- COVER SITES (c) ACROSS NORTHERN MONGOLIA
fovee2 Mo - ters by agreement index prioritizes locations based on statistical signifi- The expeditions to the region led to the discover of over 50 archaeo-
EEEEENEEEE _ ‘ T cance. logical sites using the collected data (Figure 5). The sites represented a
FIGURE 1: USER INTERFACE USED IN THE CROWDSOURCING PLATFORM. USERS | L. B _ range of different cultural sites including bronze age tombs, khirigsurs,
WHERE ASKED TO ANNOTATED RIVERS, ROADS, MODERN STRUCTURES, AN- Furthermore, density-based clustering is quick to calculate, allowing and deer stones.
CIENT SITES, AND OTHER ANOMALIES. “» data analysis to happen on a daily basis as is true with a crowdsourcing
*"  dataset. This trait allows researchers to collect and analyze datapoints
In the span of a year, thousands of participants created over 2 milllion as quickly as they are collected.
independent annotations (Figure 2); roads, rivers and archaeological =
sites were tagged on over 6000 square kilometers of satellite imagery.
| FIGURE 5: DATA ANALYSIS AND REAL-TIME ACCESS ALLOWED FIELD RESEARCHERS TO
FIND NEARBY HOTSPOTS. THESE ARE A SMALL PORTION OF THE CULTURAL HERITAGE
g SITES DISCOVERED.
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