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been made by making 4D field recording and visualization 
possible. 

III. A 4D GIS FOR FIELD RECORDING 

In recent years, a number of conference topics have 
addressed the idea of a 4D GIS (c.f. DHIC 2013 and CAA 
2015 abstracts). In certain respects, every digital excavation is 
four-dimensional and once imported into current 3D GIS tools 
such as ArcScene it can be considered a 4D GIS (e.g. [4]). 
However, these current solutions do not fully address the 
underlying problem: archaeology is an inherently destructive 
science necessitating continual advancement in field recording 
tools that achieve an increasing improvement in accuracy and 
comprehensive recording. 4-dimensional GIS field recording 
should be envisioned as the new objective in digital 
archaeology requiring a fundamental change in both 
methodology and software. In this light, four core objectives 
of a 4-dimensional field recording methodology can be 
proposed that will require an ushering in of a new era of 
digital field recording.  The purpose is to address more fully 
the endeavor by archaeologists to conduct scientifically based 
excavations that properly examine all available archaeological 
evidence to test anthropological and historical theories about 
past culture.  

Objective 1: 3D Scanning on a daily/hourly basis 

A core objective is digital 3D scanning of the current 
excavation on a daily basis. Each day’s 3D scan captures the 
newly exposed layers so that over the entire period of 
excavation every sedimentary change is documented. On an 
hourly basis as a new artifact, installation or even collapsed 
wall is discovered in situ, it’s excavation and eventual removal 
is fully documented with 3D scanning. This can be 
accomplished using TOF (Time-of-flight) Laser scanning, but 
photogrammetry may prove the most efficient approach. 
Using the widely adopted photogrammetry software amongst 
the archaeological community, an entire and complete 
(minimal occlusion) excavation can be captured in minutes 
either from the ground or air [23]. The new problem becomes 
how to store, manage, co-register, and visualize such massive 
datasets being generated on a daily or hourly basis. 

Objective 2: Integration of 3D layers with a spatial DBMS 
(Digital Database Management System) 

In order to qualify as a 4D GIS, the 3D data must be 
integrated spatially with all other time-sensitive database 
entries. This would include other 3D measurements (e.g. GPS 
or Total Station), digital images, field databases, field notes, 
and later auxiliary tables generated from specialist analyses of 
artifacts, loci, stratigraphy or architecture. This integration 
would require 3D layers to be able to represent three different 
types of time: 
 

1. Field Excavation Processes: The ability to represent the 
artifacts, loci, architecture, sedimentary layers exposed 
on a specific day of excavation (e.g. a 3D Top Plan). 

2. Stratigraphy/Phasing: Represent an entire stratigraphic 
layer of a specific time of occupation by the original 

inhabitants. This would require the ability to represent 
the key 3D scanned architectural elements associated 
with only that period of occupation. 

3. Site Abandonment and Deposition: Model the 
depositional layers produced through natural and man-
made post-abandonment processes. This could include 
modeling a series of collapsed walls, how upper-stories 
overlay lower floors, the decay of organic materials, 
and even the movement/levitation of artifacts through 
erosional processes. 

 
Objective 3: Real-time Visualization of 4D Top Plans 

In the field, archaeologists should be able to visualize top 
plans as they are recorded with the ability to traverse in time 
how it looked in 3D during previous days. They should be 
able to visualize the data in its full resolution (no 
simplification or loss of fidelity) with viewable frame rates 
(min 24fps). This will require more efficient rendering 
systems that can run on a modern laptop in the field. Second, 
it requires more efficient algorithms for processing 
photogrammetry, syncing 3D scans, images, and other 3D 
recorded measurements. The software should be able to 
integrate seamlessly the data as it becomes available and 
dynamically update the top plans accordingly. 

Objective 4: Analytical Tools tailored for 4D Data 

Analyzing and manipulating data in a 4D environment will 
necessitate novel tools to facilitate annotation, editing, 
drawing, segmentation, and time-sensitive comparisons.  In 
the remainder of this paper we present the current 
contributions to this new field with ArchField C++ software 
and how our field methodology has changed to account for 
this new approach. We present the results, challenges, and 
future directions. 

IV. EVOLUTIONARY ADVANCES: ARCHFIELD C++ 

The development of ArchField has been an evolutionary 
process since 2009, undergoing five excavation seasons of 
modification and adaption to meet new demands in 
multifaceted digital field excavations. Previous versions were 
designed to run as imbedded web applications interoperable 
with many GIS software tools and even deployable on 
handheld tablets and phones [22]. However, there were a 
number of drawbacks to this approach primarily related to the 
limitations of being locked inside a web browser, limited 
memory allocation, slow rendering speed, restrictions on 
access and control, and complicated installation of the web 
server system or iOS app. Until the introduction of the 
Microsoft Surface, tablets and handheld devices that appeared 
as optimal field devices could not run x86 or x64 operating 
systems limiting the options and full advantages of such 
devices compared to a fully functional OS.  

By the time of the last field season in September 2014, it 
was recognized that the growing philosophy of archaeologists 
to move everything digital to the web, online and on an iPad 
had significant drawbacks especially for field recording. In 
order to embrace a new philosophy of 4D field recording that 
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