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Abstract 

 

Field research continued at Blue Creek with the Maya Research Program’s 

25th season in the summer of 2016 with excavations at Xnoha: Structures 

10, 32, 74, 77, 78, 100, and 106. A team from the Center for Heritage 

Conservation at Texas A&M University headed research in documenting 

these structures as well as the surrounding landscape. In addition to 

documenting the structures under excavation and their context, the team 

also carried out the digital modeling of artifacts from different seasons and 

sites across Blue Creek. Data collection techniques consisted of Leica 

Total Station survey, FARO Focus laser scanning, FARO Freestyle laser 

scanning, and photogrammetry.  
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Figure 1 | Xnoha site scan, plan view 

 

Introduction 

 

The following discussion lists and describes each collection technique used and their general limitations, 

their use at each site, the processing procedure for each technique, the integration of the previous season’s 

data with this season’s data, and conclusions drawn from the execution of this project and the data analyzed. 

Collection techniques are listed in the order in which they were applied and emphasized; although, the 

techniques were cumulative as all were used throughout the remainder of the process once they were 

introduced. The procedures for each site are discussed in the chronological order in which they occurred in 

the field, as are the discussion and listings of the trail scanning procedures. 

 

 
 

Figure 2 | Xnoha site scan, West-East Section 

 

 

 

Collection Techniques 

 

Leica, Total Station Survey 

 

 Application 

 

Total Station survey provided the essential intermediary between laser scanning 

output and the global GPS coordinate system. Total Station set-up points from 

previous seasons were used to establish baseline with which to add new set-up 

points and scan targets to the existing coordinate system.  
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 Issues 

 

Set-up points from previous seasons showed consistent offset readings in the delta 

distance (~4 centimeters). While initially thought to be due to random displacement 

of the set-up marker, it is now believed that the coordinates collected in the previous 

season may have shifted consistently.  

 

FARO Focus, Laser Scanning 

 

 Application 

 

Data collection was primarily carried out using the FARO Focus (Focus), laser 

scanner. A stationary scanner, the Focus is mounted on a tripod, leveled, oriented, 

and operated. Projects within the scanner are distinguished by structure e.g. 

St77_16, or structure trail e.g. Trail74_16. Once a new project is created and 

selected, scan parameters are adjusted based on the scanner’s positon and 

environmental conditions.  

 

The Focus is capable of allocating priority metering based on spacing and lighting 

of an environment. “Zenith Weighted Metering” directs scan weight in a vertical 

cone, while “Horizon Weighted Metering” directs scan weight in complimentary 

horizontal cones. “Even Weighted Metering” distributes scan weight evenly over 

zenith and horizon in a partial sphere; the scanner and tripod omit a circular area 

beneath the tripod.  

 

Resolution and quality adjustments output corresponding millimeter separation at 

a distance of 10 meters. These adjustments are made on environmental conditions 

such as structure size and site size i.e. the desired accuracy of the scan at a specific 

distance. Color is typically collected following the scanning process. However, 

color can be omitted in cases where only scan data is required, or if the scan is to 

serve as compiling framework for previous scans e.g. FARO Freestyle. Multiple 

scans can be processed together in post-production either using target-to-target 

placement, top alignment, or cloud-to-cloud correspondence.  

 

 Issues 

 

As with the following techniques, difficulty in scanning with the Focus increases 

with the height, size, and complexity of the subject. Distinguishing between targets 

able to be recorded by the Total Station and the Focus is imperative, as the Total 

Station has a considerable range advantage over the Focus. Although, in the setting 

of a dense, tropical forest, this advantage is greatly dampened. Scan resolution can 

be increased in order to aid the processing software to autonomously register 

targets. However, this can increase time per scan by almost 50%, and accumulates 

rapidly on projects with many scans. The benefit was deemed not worth the cost in 

time after multiple trials.  

 

Lighting poses an issue in dimly lit areas and with bright and/or highly reflective 

materials. Most cases encountered at Xnoha required Horizon Weighted Metering 

due to the considerable shade provided by the forest canopy. However, cases at 

Structure 10 and Structure 100 may have benefited from Zenith Weighted 

Metering, though scans processed well with Horizon Weighted Metering in both 
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cases. The chultun discovered at Structure 32 also provided a considerable 

challenge with its dimly lit chambers and low ceilings. A combination of FARO 

Freestyle and FARO Focus were used to capture the feature’s color and geometry, 

respectively.  

 

FARO Freestyle, Laser Scanning 

 

 Application 

 

FARO Freestyle (Freestyle) allows a hand-held device to laser scan an element, or 

space, in a more involved manner. Scans are taken using the hand-held collection 

device that feeds into a processing computer e.g. tablet or lap-top. These scans can 

then serve as their own stand-alone information media, or be used to patch a larger 

scan that was unable to collect information on a smaller area. 

 

While the scanner may be used to scan on the scale of entire walls, or even a room, 

its primary benefit is small patching work to be integrated with large scans with a 

more standard laser scanner i.e. FARO Focus. The scanner shows promise as a 

means to document objects on the scale of casework, furniture, and artifacts of 

varying sizes. Artifacts documented with Maya Research Program consist of stone 

monuments (~0.3 meters in length), human skulls (~0.15 meters long axis), 

ceramics (~0.1 to ~0.3 meters in diameter), and bifaces (~0.05 meters in length).  

 

 Issues 

 

The Freestyle lacks the ability to self-orient as the more standard FARO Focus laser 

scanner does. The Freestyle processing stage also tends to take considerably more 

time to produce the resolved point cloud. The processing software, Scene, appears 

to lack considerable autonomous capabilities in integrating project scans into a 

single scan file. Freestyle scanning holds promise when conducted on smaller scale 

features and patchwork to larger scan projects. In order for efficient integration with 

other scans, it is imperative that target-to-target registration be used. Further ease 

of integration can be achieved if those same targets are then recorded into the global 

Total Station coordinate system.  

 

Photogrammetry 

 

 Application 

 

Photogrammetry is a technique that enables a sequence of images taken with most 

cameras in the appropriate manner to be processed together into a digital model. 

Effectiveness of the procedure relies on the camera being used, the understanding 

of that camera’s capabilities, using correct settings based on those capabilities and 

shooting environment, the ability of the photographer to map a path encompassing 

the necessary information about the subject, and the nature of the subject. Various 

software programs are available with which to process the images; in this study, 

PhotoScan was primarily used. 

 

Photogrammetry shows great range in the subjects that can be effectively modeled 

using the procedure. While primarily used to model artifacts and human remains 

excavated at dig sites, photogrammetry was also effectively used to model dig sites 
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of ~12 square meters in size. Further investigation showed the procedure could be 

effectively carried out to model massive structures 33 meters in height.  

 

 Issues 

 

Issues are primarily raised when orientation of the subject is changed e.g. flipping 

an artifact to image the underside. Depending on the axis the subject is flipped, 

lighting can change drastically if the subject is being shot in an unevenly lit 

environment. This change can cause confusion in the alignment phase of processing 

the images; top and bottom point clouds can be oriented on top of one another, 

misaligned, or the program will omit images from either view.  

 

With larger structures, or dig sites, issues arise when the image collection fails to 

fully encompass all the necessary information about the structure. Issues decrease 

when image capture can be carried out primarily from above the subject structure. 

Fully capturing the necessary information increases in difficulty as the structure 

increases in size, height, and complexity. The first indication is to take as many 

pictures as possible. However, if this approach is honed to be incredibly strategic 

and methodical with the mass number of images taken, then the results can be 

accurate and well-resolved to high degrees.  

 

 

 

Subject Methodologies 

 

Structure 10 

 

Structure 10 (Figures 3 & 4) stands at ~10 meters in height at the northern edge of Xnoha. The 

current excavation has focused on exposing the monumental stair leading up to its summit. At the 

closing of the 2016 season, four phases of construction had been discovered. Three phases of 

monumental stair construction with a fourth phase structural wall with pigment fragments that may 

indicate a fourth stair was previously supported by the wall. The phases are listed in reverse 

chronological order i.e. phase 1 is the most recent construction. The stair phases decrease in 

aesthetic appeal as well as construction quality from phase 3 to phase 1; phase 3 exposed almost 

nine steps in fairly good condition. The next step for the excavation team was to break through 

phase 3 and investigate previous construction phases. This pressed for documentation of the 

exposed phase 3 stair before they were to be destroyed.  

 

Structure 10 had been scanned at the end of the previous field season as well. This most recent 

scan would serve an overlay to show the archaeological sequence i.e. the archaeological team’s 

progress this season, as well as have sufficient record of the newly unveiled stair. Near the end of 

the second week, the structure would be scanned once more to record the new structural wall of 

the fourth phase and overlay that record on the previous two scans.  

 

With the only changes to the structure occurring on the south façade, scanning was deemed 

necessary to capture the south façade; this approach focuses on the monumental stair and the 

looters’ trench. Due to the geometry and complexity of the staircase trench, the necessary 

information could be gathered using 11 scan positions (4 on the base platform, and 7 flanking the 

stair trench) and 8 targets. 
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Figure 3 | Structure 10 scan, perspective view 

 
 

Figure 4 | Structure 10 scan, plan view 

 

Structure 100 

 

Structure 100 (Figure 5, center) provided a smaller challenge in terms of size, but the geometry of 

the structure and the excavation trenches were particularly complex. An initial outlook was 

presented of upwards of 26 scan positions, but was reduced to 16 (which was then extended to 19 

as resources and time would allow). A combination of sphere’s and flat targets were used to 

register the scans. After processing, the initial scans missed an area on a north trench upon the 

structure floor, as well as a small section in the south trench. During the final week, these areas 

were scanned in using the Freestyle and integrated into the main scans.  
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Figure 5 | Structure 100 & 106 scan, top perspective 
 

Structure 32 

 

Structure 32 (Figure 6 & 7) consisted of similar complexities of geometry found at Structure 100. 

However, the layout of Structure 32 eased the scan position strain. Scan positions numbered to 16 

(the same as the reduced number for Structure 100), with considerably fewer flat targets than were 

required at Structure 100. With a high u-shaped vantage point and consistently exposed structure 

on the lower level, scan positions could be placed with considerably more confidence in their 

ability to collect all necessary data on the structure.  

 

A few days after the initial site scan, the uncovering of a capstone to reveal a chultun would prompt 

further scanning by both the Freestyle and Focus. The Freestyle scan became necessary to break 

into multiple scans, which proved difficult to register to one another without the compass 

orientation and target registration capabilities of the Focus. With the Focus scan, the Freestyle 

scans could be properly oriented to the Focus scan of the chultun and subsequently registered with 

the overall scan of the structure. Due to the inability for the Focus to capture images in dimly lit 

areas, scans were executed without color with the intent of using the color from the Freestyle scans. 

Revisiting this procedure, the use of targets in the Freestyle scan for registration as well as shooting 

at least three targets with the Total Station, and placing the targets just above the chultun opening 

and on the main structure, may have greatly reduced processing time. 

 

 
 

Figure 6 | Structure 32 (with chultun) scan, West-East Section 
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Figure 7 | Structure 32 scan, top perspective 

 

Structure 77 

 

Structure 77 (Figure 8, top left) is a shrine located in close proximity to Structures 78 and 74. Like 

Structure 100, Structure 77 has recently indicated occupation/construction during the Middle Pre-

Classic period of the Maya. An update scan was conducted using five scan positions and about as 

many targets. The structure’s relatively small size (~3 meters across), with a ~1-meter deep 

excavation pit, and no major trenches, allowed for minimal scans and targets in order to obtain the 

necessary information on the structure. The FARO Freestyle was also utilized with three targets 

attached to large roots above the excavation pit as means to test capabilities in scan quality and 

integration with the main scans. The three targets included in each Freestyle scan (five scans) were 

recorded into the overall coordinate system using the Total Station. 

 

 
 

Figure 8 | Structure 77 group scan, top perspective 
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Structure 78 

 

The Structure 78 (Figure 8, top right & Figure 9) patio group consisted primarily of well-organized 

excavation pits with a surrounding L-shaped terrace ledge on the perimeter of the site. Despite the 

depth of the pits, scan positions were strategically placed allowing the scans to gather all necessary 

data. This is a similar methodology derived from techniques used at the previous structures, but 

became crucial in documenting this structure. 

 

Photogrammetry also served effective means by which to record site data. Structure 78 was 

accurately recorded with images, which were then processed into a high resolution digital model 

in PhotoScan. These digital models could then be scaled to their proper size, and relied upon as a 

resource for spatial reference. 

 

 
 

Figure 9 | Structure 78 photogrammetry model, top perspective 

 

Structure 74 

 

Structure 74 (Figure 8, bottom) provided geometric challenges along similar lines as those posed 

by Structure 100, but to a lesser degree of difficulty. Initial scan positions numbered 16, but were 

reduced to 15. Despite the complexity of the structure and excavation trenches, the openness of 

the surrounding site allowed for minimal targets (~7) to register scans.  

 

As was Structure 78, Structure 74 was successfully recorded using photogrammetry. This approach 

focused on the recording of the burials discovered late in Session 4. Prior to the burials, 

photogrammetry was also applied in order to document a bench with a cylindrical cut-out and a 

bone, “handle”, insert. Both applications of photogrammetry yielded highly resolved digital 

models of the structure’s features and burials.  

 

Structure 106 

 

Presently serving complimentary structure to Structure 100, Structure 106 (Figure 5, top right) is 

an elite residential structure at Xnoha. Focus scanning as well as photogrammetry were used to 

document Structure 106. ~10 scan positions with ~5 additional targets (targets previously placed 
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at Structure 100 were used for cross-registration) provided necessary scan information and 

registration capabilities, respectively. As with Structures 74 and 78, photogrammetry proved an 

effective means to create high quality digital models to compliment the main scans, which would 

be consolidated into larger-scale contextual scan files with the addition of connecting, trail scans.  

 

Trails 

 

In order to create a more comprehensive and holistic context of the site between structures, the 

trails connecting the structures of Xnoha were added to the coordinate system and scanned (Figures 

1 & 2). Targets were placed along each path to be recorded by the Total Station into the global 

coordinate system, as well as register the individual scans into whole trail scan files. These trail 

scans were then imported into the existing scan file with the compiled structure scans. The trails 

from Structure 10 to 77, Structure 77 to 78, Structure 32 to 3, Structure 78 to 74, Structure 3 to 

100, Structure 16 to 3, and Structure 10 to 1 (the ordering indicates the direction of scanning 

procession e.g. “from Structure 10 to 77” indicates trail scans began close to Structure 10 and 

proceeded along the trail until Structure 77 was reached).  

 

 

 

Processing 

 

Scan Data 

 

Processing took place within FARO Scene and Autodesk ReCap for scanning data, and within 

Agisoft PhotoScan and PhotoModeler for photogrammetry. Raw scans were imported into Scene 

for processing, and then were registered together using target-to-target alignment or top-view-

alignment. Top-view-alignment is only effective if the internal compass of the scanner is updated 

at each scan position. Target-to-target registration is the method of choice and provides the 

framework to register a collection of scans i.e. scan project, for a structure into a larger contextual 

scan file that may contain six or seven other scan projects. This compilation of scan projects is 

enabled through the global coordinate system established using the Total Station, where each scan 

target is recorded from Total Station set-up positions.  

 

The coordinates are recorded in the field through the Total Station using the Field Book, which is 

a handheld computer. The coordinate file is updated with each field day, adding the new set-up 

points and/or targets to the existing coordinate system. This updated file is then imported into the 

scan data and registered with the targets in the scans. The software uses the spatial geometry of 

the targets and their respective coordinates to align the new scans with the existing scans, which 

are already integrated within the established coordinate system.  

 

Once processed and registered, scans can be edited and refined within Scene or ReCap to create 

orthographic views useful to the archaeologists conducting research at their respective structures. 

Scans are displayed and edited using point cloud data recorded during scanning. Clipping planes 

are then established in order to quickly remove unnecessary information from the scan e.g. tree 

canopy, fringe site context. Once brought to a desired clip mask condition, the point cloud can be 

oriented to a typical orthographic view to create elevation views of the structure or site, plans, and 

sections.  

 

Integration 

 

Registering project scans (a project scan consists primarily of one structure or trail 

connecting structures) to one another is an initial form of scan integration, which creates a 
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more holistic and inclusive contextual representation of the site. Because a number of the 

structures under excavation this season were also being worked on last season, scan data was 

collected on the same site for different excavation sequences. In the case of Structure 10, 

two excavation sequences were recorded in this season alone. These sequences can then be 

aligned with the previous excavations superimposed upon the latter. In addition to providing 

an accurate visual of progress made in a season, this allows archaeologists to maximize 

visual and spatial data on a construction phase before digging deeper to uncover earlier 

phases. This technique allows archaeologists to illustrate the polemic of archaeological 

excavation simultaneously with that of the architectural sequence of the structure. 

 

Photogrammetric Data 

 

Photogrammetry processing was carried out, primarily, through the use of Agisoft PhotoScan (with 

some processing being conducted using PhotoModeler). Photogrammetric data collected was 

initially limited to artifacts recorded in lab conditions. However, the capabilities of 

photogrammetry were pushed to include small features such as burials and benches, as well as 

entire excavation sites and structures as large as 33 meters in height (the four major structures at 

Lamanai Archaeological Reserve and a smaller, primary feature at each structure) [Figures 14-17]. 

The most effective photogrammetric outputs were conducted on artifacts, small site features, and 

entire excavation sites: glyph monument (Figure 10), historic monument (Figure 11), ceramics 

(Figures 12B & 12C), bifaces (Figure 12A), human remains (skulls), Structure 32 burial, Structure 

74 burials 1 & 2, Structure 74 bench, Structure 78 pits, and Structure 106 in its entirety. 

 

    
 

Figure 10 | Glyph Monument photogrammetry process: A. Loose, point cloud B. Dense, point cloud C. Mesh D. Texture 

 

Processing procedures within the software consisted of aligning photos into a loose point cloud, 

then building a dense point cloud and mesh, and finally applying texture to that mesh. Critical 

components in the effectiveness of image alignment are consistent lighting and a broad focus 

range. Consistent lighting does not necessarily mean a controlled lighting environment. Some of 

the better outcomes with photogrammetry were carried out in the field on larger features e.g. 

Structure 74, 78, and 106. While lighting changed due to cloud cover, the inability to manipulate 

the subject is a great advantage; when light fell on the subject, it was consistent in the time images 

were captured. When the subject can be moved or flipped, and the lighting can be easily 

manipulated, errors can quickly compile as the surface appearance of the subject now has too many 

variables changing.  

 

The baseline for effective photogrammetry is reference. The images need to have consistent and 

considerable overlap between adjacent images to effectively align multiple images into a digital 

model. The next consideration is the focus by the camera on the subject. Not only does the subject 

need to be in focus, but all points on the subject need to be in focus. This requires a larger f-stop 

to allow a wider range of focus. In addition, consistent focus also aids in processing. Similar to 

how consistent lighting helps create reference with which to align images, consistent focus creates 

reference with which to apply texture and reduce blurring of surface conditions.  
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Figure 11 | Historic Monument photogrammetry model 

 
 

 

 

 
 

Figure 12 | Artifact photogrammetry models: A. biface BC3322 B. ceramic CCH8 C. ceramic SF14-7347 
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Figure 13 | Photogrammetry Model Specs 

 

Subject Resolution Cameras Points 
Glyph Monument Medium 115 26,280 

Historic Monument High 61 22,550 

Biface, BC3322 High 28 4,377 

Ceramic, SF14-7347 Medium 108 26,280 

Structure 78 High 72 83,995 

Jaguar Temple Medium 52 42,591 

Jaguar Temple High 52 35,584 

Jaguar Mask High 15 11,851 

Stela 9 Temple Medium 13 17,537 

Stela 9 Stela Medium 16 20,419 

High Temple Medium 22 19,303 

High Mask Medium 10 12,979 

Mask Temple Medium 24 25,888 

Mask Left Medium 9 9,927 

Mask Right High 10 13,132 

 

 

 

 

  
 

Figure 14 | High Temple, Lamanai Archaeological Reserve photogrammetry: A. Medium resolution B. Second tier mask medium resolution 

 
 

 

 
 

 

 

  
 

Figure 15 | Mask Temple, Lamanai Archaeological Reserve photogrammetry: A. Mask left medium resolution B. Medium resolution 
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Figure 16 | Jaguar Temple, Lamanai Archaeological Reserve photogrammetry: A. Medium resolution B. High resolution C. Mask high resolution 
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Figure 17 | Mask Temple, Lamanai Archaeological Reserve photogrammetry: Mask right high resolution 

 

 

 

Conclusions 

 

An overwhelming amount of data is collected in a matter of days, and typically piles up without being fully 

processed. While scans are registered together, some orthographic drawings are extracted, and three-

dimensional PDFs are created, there seems to be a disconnect between this data and the archaeologists 

working at each respective structure. Immensely more visual data can also be extracted from raw scans to 

help inform academic publication of research. With continued work applying similar methodology in data 

collection, these methods can be better refined and lead to an increase in illustration output. Primary focus 

for further documentation research will be the collection of the archaeological sequence at intervals, so as 

to more effectively document the excavation process as well as the architectural sequence of structures. 
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