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Tambo Colorado, Peru

Situated between Lima and Nazca on Peru’s hot, 
dry south-central coast, the richly painted fifteenth-
century earthen adobe and stone ruins at Tambo 
Colorado are a fascinating glimpse back in time to 
the days of the Incan Empire. Thirty-five kilometers 
inland at the base of the Andes, located at the strate-
gic entrance to the Pisco Valley, the site straddles 
the old Incan road to the highlands of Cuzco. 
Named colorado for its red painted walls, this 
waystation, or tambo, is thought to have been an 
Incan administrative center built for the integration 
of the conquered peoples of Ica and Chincha into 
the expanding empire. Adorned with archetypal 
trapezoidal doors and niches and featuring some  
of the original painted plaster, the site is among the 
best-preserved examples of Incan adobe architec-
ture. Surrounding a large open plaza, the complex 
features a maze of small rooms and elements of 
both classic Incan imperial and local Chincha style, 
as well as extensive pre- and post-Incan vestiges.

Although known to the Spanish conquistadores 
(who, along with more recent generations, left their 
marks in graffiti), documentation did not begin 
until the turn of the twentieth century, when the 
site was first photographed by the American 
(Swiss-born) anthropologist and historian Adolph 
Bandelier. In 1901, the German archaeologist Max 
Uhle produced maps and took numerous photo-
graphs and extensive notes. Uhle’s records reveal 
the sad toll that windborne sand, intermittent rain, 
vandalism, looting, roadwork, and cattle ranching 
have taken. Despite deteriorating conditions,  
a majority of the adobe walls in the prominent 
structure known as the Northern Palace are still 
standing, and a surprising amount of paintwork is 
still visible, both in niches and as large horizontal 
bands of alternating red, yellow, and white on the 
outer walls.

Outer wall of the Northern Palace, showing remnants of the 
original plaster and paint. Photo: © Alonzo Addison.
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In 2001 (the centenary of Uhle’s visit), Dr. Craig 
Morris of New York City’s American Museum of 
Natural History, Professor Jean-Pierre Protzen of 
the University of California at Berkeley, and the 
author launched a research effort to develop an 
integrated digital record of the site and thoroughly 
document its condition before it suffered further 
damage. Over the course of four summers, Profes-
sor Julian Idilio Santillana of Peru’s Pontificia 
Universidad Católica, Dr. Maurizio Forte of Italy’s 
Istituto per le Tecnologie Applicate ai Beni Cultur-
ali, and a number of graduate students from these 
schools and institutions worked with UC Berkeley’s 
Center for Design Visualization and Archaeological 
Research Facility to create an extensive digital 
record of the main complex and outlying buildings 
and landscape.

Tambo is a complex site. Ranging across an area 
roughly 13 square kilometers, it features everything 
from small artifacts recovered in excavations to 
hillside burials and large storage sites, as well as 
painted adobe and stone walls in the main com-
pound. No single technology can suitably record 
this diversity of materials and range of scale. With 
the wide variety of tools and techniques available 
today to capture the geometry and dimensional 
characteristics of built heritage, the challenge was 
to select the most appropriate technologies and 
integrate the results into a complete record for 
posterity. 

Example of structural damage to the earthen adobe walls of 
the Tambo complex. Photo: © Alonzo Addison.
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Laser Scanning

Given the site’s architectural scale and the desire 
for a detailed dimensional record of the eroding 
adobe walls, laser scanning was selected as the 
primary tool for its ability to capture irregular 
surfaces. Having evolved from developments in 
measurement devices for mechanical engineering 
and manufacturing, laser scanners have seen 
growing acceptance in the past few years for 
recording archaeological sites. Unlike a surveying 
instrument, which captures single important points 
such as the corners of walls, a laser scanner can 
capture large irregular and eroded surfaces. For 
architectural-scale built heritage, the speed, 
accuracy, and “noncontact” characteristics of laser 
scanning offer new possibilities for acquiring data 
of 3-D objects. 

Three-dimensional laser scanning technologies 
are generally based on one of three methods: (1) 
time of flight, a technique by which a laser pulse is 
emitted from the instrument and the time of (light) 
travel is measured, from which distance to the 
object can be determined (since the speed of light is 
a known constant); (2) phase comparison, in which 
the instrument emits light with a known frequency 
and phase, and distance to the object can be 
determined by comparing the emitted phases to the 
returned phases; and (3) triangulation, in which an 
emitter and a receiver, separated by a known 
distance, record the angle of the reflected laser 
pulse to determine distance (using the Pythagorean 
theorem). With these technologies, XYZ coordi-
nates are recorded as millions of individual points. 
Close together, these points form a dense “point 
cloud” that represents an object. These individual 
points must be connected together (“meshed”) to 
create a 3-D model.

The documentation team at Tambo Colorado 
preparing to use the Cyrax 2400/2500 (which 
became the Leica HDS 2500) long-range laser 
scanner. Photo: © Alonzo Addison.

These scanning technologies are used for different 
purposes based on the distance from the sensor to 
the object and the speed and level of precision 
required. Triangulation scanners are best for 
shorter ranges and for greater precision and detail. 
Phase comparison is good for short or long range 
where speed is needed, but at the expense of some 
accuracy. Time-of-flight technology, also known  
as light detection and ranging (LIDAR), is used for 
larger sites and buildings where survey accuracy  
is needed. Typical distances for long-range systems 
vary from a minimum of 1 to 2 meters to a maxi-
mum of hundreds of meters. This range and resolu-
tion makes time-of-flight technology perfect for the 
recording of architectural- or archaeological-scale 
features and objects. 

There are several important considerations when 
utilizing laser scanners in built heritage. The 
choice of device will be guided by type and size of 
site, required accuracy, budget (costs range from 
thousands to hundreds of thousands in U.S. 
dollars), and the goals of the project. Not all laser 
scanning systems are field operable: battery life, 
operability in bright sunlight (which can wash out 
the beam to the point where the return pulse 
cannot be measured), ruggedness, size, and weight 
should be considered when selecting a system.

For this project, a Cyrax 2400/2500 (which became 
the Leica HDS 2500), a long-range (1 to 100 meters) 
time-of-flight system, was chosen. It was field 
operable (powered by eight-hour rechargeable 
battery packs), laptop controlled, and ruggedized,  
a crucial consideration given the pervasive sand 
and glare at the site. 

Although laser scanning was chosen as the pri-
mary documentation method, given the variety of 
information needed, a range of other technologies 
was also used to create a thorough and complete 

record. Differential Global Positioning System 
(DGPS) was used with aerial and satellite photog-
raphy to spatially locate burials and place the laser 
surveys in context. Some additional close-range 
overhead imagery was gathered with aerial kite 
photography. Digital photography with a color 
chart was utilized to capture Tambo Colorado’s 
vivid paint remnants and to provide “textures” for 
the laser scans. Panoramic lenses were used to 
capture QuickTime VR 360-degree images for 
context visualization. Time-lapse photography and 
video were also used to record ongoing archaeo-
logical excavations. Survey instruments (e.g., a total 
station theodolite) were used to measure control 
targets and assemble data from the large number  
of scans from different positions. Handheld and 
laptop computers and a custom database were used 
for data management, and a close-range triangula-
tion laser scanner was utilized for fine details and 
to experiment with making a layer-by-layer 3-D 
volumetric record of an ongoing archaeological 
excavation.
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The point cloud generated by laser scanning technology, 
representing the Tambo site. Image: © Courtesy Center for 
Design Visualization, UC Berkeley.
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Top: Isolated isometric point cloud of one structure at the 
site. Bottom: A cross section through the isometric point 
cloud. Images: © Courtesy Center for Design Visualization, 
UC Berkeley.

An Answer

Laser scanning provided an ideal solution to record 
the complex and irregular surface geometry of the 
remaining adobe walls of this site and its smaller 
architectural details. As part of an integrated digital 
tool kit, the technology formed the foundation for a 
3-D information archive of current conditions, 
allowing measurements to be extracted, recon-
structions to be visualized, and field notes and 
photographs to be integrated by location. 

Although an important tool in the conservator’s 
arsenal, laser scanning is only one piece of a larger 
puzzle in base recording and is well suited to being 
part of a suite of digital technologies. In any project 
like this one, where data may be in proprietary 
formats or on limited life-span digital media, it is 
important to ensure the record will survive. A 
simple data preservation solution is to print out all 
information on archival paper and submit it to a 
library or international archive. A printed record 
can always be redigitized if the digital records 
become unusable through equipment or media 
failure or obsolescence.

Alonzo C. Addison serves as special adviser to 
the World Heritage Centre, UNESCO, on issues 
of applied technology. He was involved in 
developing strategies for one of the first 
commercially viable laser scanners for Cyra 
Technologies and its 3-D monument-scale LIDAR 
scanner in the 1990s. A cofounder of the 
Virtual Heritage Network, his work ranges from 
historical visualization to design simulation, 
information architecture, and collaborative 
networks. His interests lie in the nexus of digital 
technology, world heritage conservation, and 
design, and he has written extensively on these 
subjects.




