CHAPTER 15

From Raritan Landing to Albany’s
Riverfront: The Path Toward Total
3D Archaeological Site Recording

Joel W Grossman

Introduction

Karen Hartgen of Hargen Archeological Associ-
ates, Inc., called me Friday evening of the July 4th
weekend in 1999, Her message was explicit and ur-
gent. After 3 weeks ol excavation along the former
riverfront of Albany, New York, her archaeological
team had exposed a complex, 300-loot-long matrix of
deeply buried log bulkhead structures of the original
colonial pont setlemem (Figure 15.1). The excava-
nion had run out of time, and 1 was asked to develop
a strategy to provide a high-speed recording solution
over the weekend and 1o deploy a team by the fol-
lowing Wednesday. In response, | implemented the
dual application of high-resolumion single-camera
photogrammetry in conjunction with the first use in
archaeclogy of the recently developed three dimen-
sional (3D laser-radar scanning technology (LIDAR)
to produce a 3D record of the site over two 3-day
recording sessions in July and August. This chaper
presents examples [rom case studies in archaeological
rescue excavations over two decades (1978-1999) 1o
review the precedents and decision-making processes
that led me to recommend the dual use of these systems
to record a complex archaeological site in record time.

Innovation for Conllict Resolution

These applied 1echnology solutions are deployed
to aid in the rapid, accurate, and safe investigation of
generally two contexts: emergency rescue excavations
of unexpected archaeological discoveries and archae-
ological discoveries beyond the reach of traditional

field approaches, due 10 contamination or other im-
pediments (Grossman 1978, 1980, 1982a, 1085,
1990a, 1990b, 1995, 1997),

Over the past 20 years, and particularly alter a se-
ries of high-altitude expeditions in the pre-lnca high-
lands of Andean Peru, my work has often involved
archaeological crisis management, directing projects
interrupted because of unexpected archaeological dis-
coveries. These unexpecied discovenes have included
unknown Native American and colonial burial
grounds, which could have precipitated senous eth-
nic and/or political conllicts, buried historical settle-
ments thought 1o have been long gone, and on occa-
sion, military secrets that got lost or burned in the
physical and archival record.

Regardless of the causes, these situations can be
traumatic, expensive, and politically volatile. They re-
quire quick and ofien innovative approaches by all
involved. Agencies and corporations have 1o evaluate
and authorize new scopes of work, project schedules,
and budgets. Archacologists need 10 provide quick
and precise answers to difficult questions. How big is
the buried site? How deep is it? What are its limits? Is
it important? Does it have sufficient stratigraphic in-
tegrity to warrant National Register eligibility? How
can the project be redesigned 10 minimize or avoid
impacts? If in need of in-depth documentation, can it
be cost elfectively recorded without causing undue
delays in the interrupted construction program?

My use ol applied technology 1o help answer some
ol these questions has been based on two consistent
assumptions. First, that the resolution of environ-
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Figure 15.1. Locations of sites discussed in this chapter

mental conflicts and the ability to quickly develop vi-
able mitigation strategies depends on high levels of
definition and data control. Second, that the long-
term value of our work depends on the quality, clar-
ity, thoroughness, and precision of our data record-
ing, not on our individual theoretical or interpretative
orientations.

Within this high-pressure environment, it was
also often necessary to alter the traditional ap-
proaches and time frames of archaeology with inno-
vative strategies to increase efficiency or reduce expo-
sure to harmful environmenis. All of the projects dis-
cussed here took place in restricted time frames, and
three occurred in adverse deep-winter conditions
under heated sheliers. All required fresh approaches
to meet the challenges of site definition and docu-
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mentation in often contaminated settings, which over
the past 10 years have included the need to excavate
through archaeological deposits laced with cadmium,
arsenic, lead, toxic organics, radiation, and unex-
ploded ordnance (Grossman 1990a, 1993, 1994a,
1994b). Instead of random sampling, ground-pene-
trating radar and other geophysical devices were ap-
plied 1o provide target-specilic testing strategies. In-
stead of traditional [air-weather time schedules,
heated steel-reinforced domes with massive heaters
and dewatering systems were built to thaw the
ground, protect the scientist and artifacts, and permit
24-hour-a-day excavation, even in most severe winter
conditions. Instead of laborious measuring tapes, line
levels, and rulers, 3D lasers and 3D cameras were em-
ployed 1o provide ‘precise survey and point prove-



nience records in minwes and seconds.

And il the archaecological sludy was conducted at
a contaminated site, usually as pan of federally man-
dated investigations of superfund sites, the large mul-
ndisciplmary field and laboratory teams required spe-
cial training, medical monitonng, protective plasiic
suits, and daily decontamination aflter excavation,
The handling of comaminated cultural remains in
wrn mandated the need for building sale onsite de-
comamination and artilact processing, computer in-
ventory, conservation and documentation laborato-
ries to facilate concurrem data control and rapid de-
cision making, This discussion is restricied in scope
to the applied technology dedicated to enhance the
speed and level of definition in site recording.

Precedents and Borrowed Selutions

All of the technologies discussed, single and stereo
cameras, metric cameras, electronic transits, geophys-
ical techniques, and, most recently laser-radar scans,
were selected and adopted from other disciplines and
scientific contexts. Each had met the test of useful-
ness, field readiness, and potenual benefits lollowing
2 1o 5 years of demonstrated elfectiveness in other
fields. Their usefulness as more elficient, precise, or
cost-elfective than previous archaeological solutions
had to be proven. When faced with the real pressures
of time and expense, one must choose tried, easily
available, and cost-elfective solutions or technical
aids, rather than the newest or the most advanced, yet
umested, technology, which may or may not be reli-
able.

Overhead bipod systems had been actively under
development and deployed by archaeologists since
the early 1960s (Whittdesey 1975:258). Computer
transit survey and measuring systems had been
demonstrated 1o be faster than optical systems for a
Near Eastern mapping expedition a year before they
were applied at Raritan Landing in 1978 (Sterud,
Strauss, and Abramovitz 1980). Likewise, 2 years be-
fore it was first used for archaeological recording in
Albany, laser-radar technology had been whole-heart-
edly applied to replace the more time consuming and
less accurate photogrammetry by major oil compa-
nies to map existing conditions and complex piping
systems on oflshore platforms, and by the movie in-
dustry. Almost at the same time, Jack W. LeRoy and
Associates independently applied the Cyrax laser
scanmer in May of 1999, 2 months belore its use in
Albany, to make a 3D map of the National Park Ser-

vice Oregon Caves National Monument (St Amand
1999).

Benchmark Case Studies of
Applied Technology: 1978-1999

The following case studies focus not on the tech-
nical details of how each class of applied echnology
works, but instead on how and why they were de-
ploved. In each instance, these examples ol applied
technology were deployed to augment or supersede
the limitations of traditional manual and optical field-
recording procedures and to do justice to threatened
archacological resources in a timely, feasible, and
cost-elfective manner.

Five large-scale data recovery excavations span-
ning two decades will serve to defline three phases of
development or benchmarks in the quest for [aster
and more intensive recording systems (Figure 15.1).
The first phase or period was marked by the initial
use in 1978 of low elevation overhead stereo pair
photogrammetry in conjunction with high-speed
compuler transit equipment to record the pre-Revo-
lutionary War pon community of Raritan Landing, a
buried colonial site complex belatedly discovered
during construction (Grossman 1978, 1980, 1982b).
Given its initial success, the same approach was sub-
sequently applied to provide the core recording sys-
tem for the 1984 winter excavation of the deeply
buried Dutch West India Company site found pre-
served beneath the financial district of lower Manhai-
tan (Grossman 1985). The full power of these new
systems with the advent of integrated data collectors
with automatic coordinate conversion was fully im-
plemented and tested in 1986 a1 Fort Edward, New
York (Grossman 1990b).

The second phase, which began in 1989 with the
excavation of Civil War gun testing facilities at West
Point Foundry, was marked by the first archaeological

‘use of single-camera photogrammetric recording and

software interpolation systems to overcome the limi-
tations of fixed dual camera setups and 1o facilitate
the first [ederally mandated archaeological mitigation
of a superfund site (Grossman 1990a, 1994a, 1997,
Holtzer 1995).

The third phase began in the summer of 1999 with
the first archaeological use of 3D laser radar in tan-
dem with computer transit and low elevation pho-
togrammetric systems to help document the 300-
foot-long discovery of buried colonial shoreline re-
mains in Albany, New York.
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Early Computer Transit and Overhead
Stereo Photogrammetry Systems

My initial CXpencice using compuler iransit sys-
tems for rapid grid and 3D data control and low ele-
vation siue-specilic photogrammetry wok place in
1978 with the unexpected discovery ol the 1730
colonial remains ol Raritan Landing lound buried
under 3 feet of rock fill in the Noad plain of the Ran-
1an River opposite modern New Brunswick, New Jer-
sey (Figure 15.2). The need for high-speed and high-
precision recording approaches was driven by the
presence ol archaeological remains in the construc-
tion corridor of a federal sewer line. Scaled historical
maps and ground penetrating radar were used to de-
fine the location and extent of buried structural re-
mains (Grossman 1978, 1980). A 20-loot-wide by
300-foot-long corridor was [ully excavated with wide
area exposure lechniques 10 reveal several pre-Revo-
lutionary War structures and two well-preserved,
buried, colonial period, ground surfaces with diverse
artifact concentrations, building foundations, histori-

cal pit features, and preserved foot prims in the
burned mud

The [ederally funded construction was stopped, fi-
nancial and political pressures were building to ad-
dress the unexpected discovery in the shortest time
possible, and the responsible agencies were under
comparable pressure 1o do justice to the imporant
discovery by documenting any impacts 1o the highest
scientific and legal standards. Because of its size and
stratigraphic complexity, the wide-area exposure and
documentation of the complex multicomponent his-
toric structural remains could not have been done
quickly using traditional manual recording tech-
nigques. With few options, | proposed to expedite the
excavation process with the intensive application of
two new recording procedures. One consisted of the
use of recently developed high-precision elecironic
survey equipment for high-speed coordinate and
provenience control; the other was an adaplation of a
British-developed, bipod suspended overhead photo
mosaic and stereoscopic recording system 1o rapidly
capture a detailed record of the site.

Figure 15.2. View ol Raritan Landing 1979 excavation of the EPA impact corridor showing the derivation of Whittlesey
bipod camera support system.
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High Precision Computer Transit Systems

Beginming in the mid-1970s, the computerized
clectronic distance meter flirst became available 10
commercial survey and engineering prolessionals as a
cost-saving solunon 1o the tedium and imprecision ol
traditional optical transit and manual surveying 1ech-
niques. The new electronic transil systems were capa-
ble of measunng the location of survey points, or ob-
jects, as angles and distances with a precision ol sev-
eral centimeters in a kilometer (and in millimeters at
distances of hundreds of meters). The lirst models
had linde or no computing power, were referred to as
electronic distance meters (EDM), and were limited
in output 1o measurements of angle and distance. The
electronic wransit measures the distance in the time it
takes the near laser mfrared beam to bounce back 10
the instrument off ol a prismatic mirror reflector ar-
tached 10 a stadia rod over a target, provenmience
point, or anifact. When combined with measure-
ments of the transits vertical and horizontal angles
relative to the target, true coordinates can be com-
puted using standard trigonomerric formulas. Each
reading takes approximaely 4 seconds.

The availability and potential unility of this new
technology for high-speed ficld recording in archae-
ology was brought to my aiention by Dr Gene
Sterud who used an early EDM or electronic transit 1o
map the large site of Sardis, Turkey, in 1977 (Sterud,
Strauss, and Abramovitz 1980). He informed me ol
their successful application at other large urban sites
in the Near East and Mayan Lowlands (Miller 1978,
Weeks 1978). Based on this precedent, and my need
to deploy a high-speed data recovery plan workable
under shelter in winter conditons in a mauer of
weeks instead of months, 1 recommended the same
EDM system for the emergency rescue excavation al
Raritan lLanding in 1978 (Grossman 1978, 1980,
1982b).

The first challenge 1o its use as an efficient high-
speed field tool came out of the need 1o automate the
data collection and coordinate conversion tasks. Until
the mid-1980s, aciual coordinates from optical tran-
sit systems had 1o be computed individually with a
hand calculator and trigonometric formulas or by
linking the EDM to an early portable computer. A
mixture of both commercial and in-house software
routines was programmed in Basic 1o link, process,
and store the transit readings. At Raritan Landing in
1978, and subsequently lor the 1984 excavation of
the seventeenth-century Dutch West India site in
Lower Manhatian, this hardware interface was ac-

complished with carly ponable computers, first with
a 32k Epson CPM machine with a microcassente data
storage unit, and then in 1984 by a ROM-based Radio
Shack Model 100 portable (Grossman 1982b, 1985).
The task of programming these early onsite data col-
lectors was aided by previous ellons by archaeologists
throughow the 1970s to use early sciennfic calcula-
tors for the conversion of optical transit readings 1o
site coordinates in the field (Blakeslee 1979; Hakiel
1980, Rick 1980, Wittlesey 1980). Although func-
vional, these early m-house stop-gap soluions suf-
fered from unreliability, vulnerability 10 the elements,
and 1o software bugs that made them quirky 1o operate.

By the mid-1980s, several manufaciurers had in-
roduced EDM instruments with buili-in or inte-
grated daa colleciors and computers capable of in-
stantly converting and recording each angle and dis-
tance reading into a site-specific set of x, y, z coordi-
nates with typed-in provenience or descriptive data
for each record. In the summer of 1986, | deployed
one ol these early integrated total station systems to
record the unexpected discovery of a large multicom-
ponent historic and precontact site complex along the
banks ol the upper Hudson River in Fort Edward,
New York. The deeply straified site revealed first the
bastion of eighteenth cenury Fort Edward above an
extensive 400,000-square-foot Laie Woodland site
containing more than 900 Native American pit fea-
tures, burials, and structural remains. A 3000-year-
old Transitional Period Broad Spear occupation con-
sisting of cobble platform cooking hearths, undis-
turbed living lloors, and 80,000 chipped stone ari-
facts was found 5 feet below the Laie Woodland Pe-
riod site (Grossman 1990b).

As was the case with the unexpected discovery at
Raritan Landing 8 years earlier, the magniiude and
timing ol the discovery at Fort Edward threatened the
viability of a federally funded public works program,
in this instance, a much needed water treatment fa-
cility. The challenge was made more acute by the
sheer size and complexity of the site. It also under-
scored the urgent need to define and record the point
locations of literally thousands of features and arti-
facts in a restricted time [rame of weeks versus
months or years.

The advent of this one category of adapted com-
mercial digital surveying equipment has affected ar-
chaeological field stralegy in three primary areas: (1)
It provides enhanced speed and precision 1o meet the
time constrainis of emergency field siwations; (2) it
increases the archacologists ability 1o provide micro
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topographic and artifact density and distribution
records essential for the identification of behaviorally
stgnificant activity and settlement patterns; and (3) it
provides the essential data control and precise refer-
ence targets for both single camera photogrammetry
and LIDAR coordinate scans.

Overhead Stereo Photogrammetry

The idea of low elevation overhead photography in
archaeology was not new. Aerial photographic cover-
age came into use with balloon reconnaissance during
the Civil War and World War [, From this foundation,
archaeologists experimented using ladders, balloons,
model airplanes and helicopiers, mululevel mono
and bipod suspension systems with varying success
(Bevan 1975a, 1975b; Sterud and Pratt 1975). Over-
head recording technology involved two major com-
ponents: first, the recording system itsell, and, second
and of equal developmental challenge, a system to
suspend and support the recording technology over
the excavation to provide overhead and 360-degree
coverage from a number of different angles, such as
near eye level, at 45 degrees, and at nearly overhead
vertical coverage.

By the early 1970s, Julian Wittlesey had designed
and subsequently patented a ready-to-use lightweight
bipod system lor archaeologists (Wittlesey 1975). Al-
though the time frame of the Raritan Landing project
made it impossible to acquire any available examples,

Witllesey kandly provided s bluepninis o build one
for the Raritan Landing dig. The only limiation of the
exisiing design had to do with controlling the orien-
tation of the camera, which, when raised, would ofien
spin. Given the 20-foot by 300-foot arca of the Rari-
tan Landing excavation corndor, it was necessary 10
develop a camera locking system to onent the photo-
graphs in line with the grid and thus reduce the num-
ber of setups and exposures required to gnarantee full
coverage with the least number of shots.

My team at the Rutgers Archaeological Survey Of-
fice (RASO) designed and built a version of the Whit-
tlesey bipod system with a custom-built beaklike
overhead camera mounting mechanism o lock the
camera into alignment with the site grid not unlike
the docking bay on the Intermnational Space Station,
When raised by pulley and suspension cables to the
apex of the rmangular bipod legs, the camera (a Hasel-
blad with an BO0-mm macro lens) was able 1o capture
a flat field image of a 15-foot by 15-foot square of
nine adjacent 5-foot excavation units in each view,
Several different systems were adopted 1o rigger the
camera remotely while suspended (wire-cable-, air-
cable-, and remote-radio-controlled firing devices)
By tilting the bipods with cables over a ca. 20-degree
arc, the overhead camera system was able to capture
stereo coverage with 30 1o 60 percent overlap, The re-
sultant coverage provided details of the buried living
surfaces, not otherwise visible (Figure 15.3) (Gross-
man 1978, 1980, 1982b).

LOWER COMPONENT

Susrep P Hola

Figure 15.3. Photomosaic of overlapping bipod image segments into single rectified overhead composite image of the ear-
liest eighteenth-ceniury building elements within Raritan Landing construction corndor.
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This system needs both height and fair weather.
Although much of the excavation occurred during the
winter, the bipod worked at Raritan Landing because
the air-infllated, steel-ribbed, and plastic-covered,
customized “green house™ sheliers over the site could
be moved and slid apan 10 permit the raising of the
camera-mounting system. Although excellent for fair
weather, because of its height and the impossibility of
moving the fixed 8-foot-high heated winter shelters,
this suspension system was not a viable solution 5
years later for the high-speed winter excavation of the
mid-seventeenth-century remains of the Dutch West
India Company site (Grossman 1985).

Low Elevation Overhead
Photogrammetry Under Winter Shelters

In 1983 the large-scale rescue excavation of the
former shoreline block of Pearl Street between Broad
Street and Whitehall Street in Lower Manhattan led 10
the discovery of the well-preserved early seventeenth-
century remains of the Dutch West India Company, as
well as the pre-1650 homes and artifacts of some of
is principal residents. The excavation conducted by
Greenhouse Consultants Inc., for which | then served
as principal investigator, revealed the presence of five
periods of early Dutch and British stratified historic
deposits (Grossman 1985).

Beneath the basement fill and brick Moors of nine-
teenth-century buildings, the archaeologisis exposed
the relatively undisturbed, seventeenth-century fast-
land surface, the well-preserved stone foundation re-
mains of a number of buildings, some with early sev-
enteenth-century cobblestone interior floors and fea-
ures of imported yellow brick from Holland. These
structural remairs included the pre-1651 warehouse
of Augustine Heermans, a principal trader of the
Dutch West India Company, the wooden barrel cis-
tern of Dr. and Mrs. Hans Kierstede, the company’s
first official surgeon, and the domestic remains of
Cornelius van Tienhoven, the secretary of the
province under Peter Stuyvesamt after 1652 (Gross-
man 1985, 2000).

The Manhatan dig took place in deep winter con-
divons under fixed air-infllated and heated shelters
with a maximum interior elevation of 8 feet to 10 feer.
Because of the low elevation of the shelters and the
severe weather conditions that prevented them from
being even temporanly moved, the 20-foot-high ele-
vated bipod system would not work. An alternative
ovethead photo recording system had to be devel-

oped. To solve this problem, | worked with a photog-
rapher and a metal engineer 1o design, machine lathe,
and build a low-elevanion indoor stereo camera sus-
pension system that could be easily assembled and
mancuvered beneath the winter sheliers. After trying
many variations on the theme, we destgned and buili
] lri:mgu!ﬂ.r Sil!git-lrﬂck monorail camera support
system suspended between two heavy photo tripods
at a height of 7 feet 1o 8 leet, the allowable clearance
at the sides ol the shelters. A 3-loot-diameter rotating
metal dhsc was milled from alummum plate 10 mount
the two cameras, one {or black and white and one lTor
color or infrared film. When spun and moved paral-
lel 10 the excavation surface along the trnangular sus-
pension track, the cwrcular mounting disk provided
overlapping 30 10 60 percent stereo and photomosaic
coverage at low interior elevations (Figure 15.4).

Figure 15.4. Detail of the 1983 custom-buil, overhead-
camera suspension system designed 1o provide low-elevation
stereo and pholomosaic coverage under winter cheliers.
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Although elegant and complicated in design and
construction, and different in appearance than the
20-footall Whittlesey bipod, it worked on the same
principle and had similar drawbacks as the earlier
bipod device. It was difficult 10 lock into place with
precise coordinate control, was time consuming, Lo as-
semble, stopped excavation in the immediate vicinity,
and also had a bad habit ol lalling on people.

Single Camera Photogrammetry
at West Point Foundry

Confronting Contamination

The next stage of increasingly more elficient and
flexible stereo and photo mosaic recording capabili-
ties began in 1989 with the first large-scale archaeo-
logical data recovery effort at a U.S. Environmental
Protection Agency superfund remediation site at the

Marathon Battery at West Pomt Foundry (Figure
155) This 5 year l‘.|‘|lll[l:1]'§l.‘ﬁl;_'}' Jrrograrm ol terrestrial
and underwater archacology resulted in the discovery
ol sensitive Civil War era cannon research and esting
facilities under 5 feet of modern G and cadmom de-
posits at the lormer site of the West Point Foundry
across the Hudson River from the West Poimt Military
Academy. The addiional discovery ol the elaborate
houses and high-quality imported European anifacts
and scientilic instruments that belonged o well-edu-
cated foreign workers, as well as previously un-
recorded archival evidence combined to reveal a pre-
viously unknown international intelligence and espi-
onage operation within Lincolns Executive Branch
(Grossman 1990a, 1994a, 1994b; Holizer 1995),
Like the Manhattan dig, the excavation had 1o be
done in winter conditions under heavy shelters with
limited access and mobility. Unlike the previous proj-
ects constrained only by time, as a superfund site,

Figure 15.5. Grossman and Associates 1992 HAZMAT archaeological team excavating under fixed and heated winter shel-
ters at the West Point Foundry.
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Marathon Bauery was contaminated with heavy de-
posits ol cancer causing cadmium. Something saler
than the earlier overhead systems was needed. The
added element of having 10 work in contaminated
contexts aflected the planning and deploymem of ar-
chaeological approaches and procedures in two cniti-
cal ways. First, their presence required the field and
laboratory team members ta be trained and certified
m HAZMAT health and safety procedures, wear
somewhat awkward tyvek suits and thick layers of
protective plastic gloves, and be medically monitored
throughout the fieldwork. Second, the potential
health risks mandated the need to limit the proximity
and duration of contact with potentally contami-
nated cultural materials.

In addition 1o deploying the total station transit
system, the solution was provided by a new genera-
tion ol nonstereo, single-camera, photogrammetric
recording systems. Called the Rolleimetrie, the new-
medium-format metric camera was developed in the
mid-1980s by the Rollei Corporation of Germany to
record rapidly and remotely crash and disaster scenes
for military and police agencies. This systern was ap-
plied archacologically for the Frst time at the
Marathon Battery (Grossman, 1990a, 1994a). In
1992 it was also applied 10 minimize the level of ex-
posure and time {or the archaeological recording of a
Civil War-era gasholder house remains permeated
with toxic organic liquids and fumes found buried
beneath the modern MNiagara Mohawk Power Corpo-
ration facility in Saratoga Springs, New York (Gross-
man 1993,

The Rolleimetric Single-Camera
Photogrammeltry System: A Non-Contact
Recording Solution

The system is unique because it supersedes the
rigid structure and limited recording capabilities of
traditional two-camera, stereo photogrammetry con-
figurations. Instead of using fixed, overhead stereo
image pairs, the Rolleimetric system uses a single
metric camera, and a high resolution, flat field, wide
angle, automatic focus macro (90°) lens, which pro-
vides a broad range of latitude in the elevarion and
angle of recording, The metric camera and lens sys-
tem is associated with a sophisticated computer soli-
ware package that digitizes, rectifies, and correlates
different images or views of the same subject and
renders the composite image as a high-resolution,
metrically accurate, 2D and 3D plan, profile, or 3D

wire [rame image. Unlike traditional photogrammer-
ric systems, this new capability does not require strin-
gently regulated 30 to 60 percent overlapping cover-
age between adjacemt photos, but wsiead provides
coverage with a vanable range of perspective views
taken from lour 1o six poinis,

The single camera system reduces field ume, en-
hances the quality of the documentation process, and
provides a level of data control that is difficult, if not
impossible, to record using traditional procedures.
For emergency rescue and contaminated contexis, the
single camera Rollei system permits the operator 1o
rapidly document the subject in minutes with mini-
mal contact berween the operator and the contami-
nated remains (Figure 15.6). In addition to making
the recording process more accurate, laster, and safer,
the resultant photogrammetric prints constitute both
a high-resolution visual record, and what essentially
amounts Lo a long-term photographic archive of each
subjects coordinates, dimensions, and structural
charactenstics. This long-term record can be reinter-
preted through the computer at any subsequem time
to extract additional relevant coordinate information
or to render new perspectives, as needed (Figures 15.7
and 15.8).

But the Rollei single-camera photogrammetric sys-
tem also had some limitations. The early analysis soli-
ware was expensive, difficult, and time consuming 1o
use. When originally released by the Rollei Corpora-
tion in the late 1980s, the relative ease of use and cos
of data processing were exacerbated by the [act that
each of the images had 10 be rendered as high-quality,
large-format color plates and then processed through
manual digital procedures with 1two different sets of
cumbersome and technically complicated software
packages that were available only in German.

These limitations have now been superceded by
new, high-capacity, deskiop computer-based pho-
togrammelric software interpretation programs cost-
ing only hundreds of dollars, but considerable time,
staffing, and budgets are sull needed 1o computer-
process the large sets of photogrammetric data. In ad-
dition, although the single-camera Rollei system is ef-
fective for rendering computer-assisted design (CAD)
drawings of rectangular structural elements, such as
cut beams, wooden planks, or masonry walls, it is of
limited use for the caprure and rendition of a large
number of irregular organic forms, such as the large
wooden logs and branches exposed on the colonial
Albany waterfront site.

Chapter 15: From Raritan Landing to Albany’s Riverfront 175



I develop, mobilize, and implement a high-speed 3D
recording solution by the Wednesday following 1he
holiday weekend that would record the entire site
complex. The Mew York State officials had asked tha
I develop and deploy an applied technology recording
solution as | had used first in 1989 at the Marathon
Bantery. 1 was also asked not 1o immediately say no,
but instead to think it over, hopefully with a solution
over the weekend. The conditions were clearly stated
There was no lead or mobilization time.

The Solution

A first 1 was not optimistic. Nothing 1 had done in
the past 20 years would be sufficient 1o meet the com-
plexity and time frame of the Albany challenge. So, as

Figure 15.7. (left) Near-overhead Rolleimetric perspective
image of an exposed iron and wood cannon-testing plat-
form discovered a1 West Point Foundry,

ROLLEIMETRIC AND CAD BASED RECONSTRUCTION OF
R.P. PARROTT'S CIVIL WAR ERA CENTER PINTLE PLATFORM
Emibodded FOR 100 AND 200 POUNDER RIFLED GUNS
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Figure 15.8. Final-scaled AutoCAD plan and profile record of excavated Civil War cannon-firing platform drawn from
Rolleimetric photos,
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Figure 13.9. Rolleimetric view looking southeast toward the Hudson River showing two-block-long excavation in Albany,
New York

| had done in previous challenging situations, 1 bor-
rowed a new, but proven, high-speed recording tech-
nology from unrelated disciplines, the oil and movie
industries. In addition 1o the previously used Rollei
system 1o record hundreds of high-resolution,
medium-format overhead and phologrammetric color
images of the site, 1 recommended the first archaeo-
logical use of the Cyrax large-format 3D laser scanner
(the Cyrax 2400 Mark-1) to capture an almost infinite
series of millimeter-precise laser point clouds of x, y.
z coordinate points for each log and beam of the Al-
bany wharf and bulkhead complex.

Although untried in an archacological setting, this
recently developed 3D capture technology had been
applied with enhanced precision aver the best of pho-
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togrammetry 1o map complex structural details on oil
platforms at sea, o develop realistic special effecis
and sets for the science liction film Star Ship Troopers
(where it helped giant flying bugs land on virtual re-
ality interplanetary bautlefields), and 1o guide robotic
welding systems. It had also been used for a range of
unspecified military and police applications (Ashley
1999; Cullison 1998; Cyra Technologies 1998). If it
was good enough 10 help map intergalactic flying
bugs, I made the determination that it was good
enough 1o help record the large and complex historic
archaeological matrix ol the Albany excavation.
Photogrammetry has some severe limitations that
alfected my decision 1o augment its capabilities with
the laser scanner technology. The relative merits of



Figure 15.10. View toward the southern section of excavation. LIDAR scanming in progress,
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this new capability over the time and manpower con-
straints of traditional and even single-camera pho-
togrammetry systems had been clearly defined in a
scientific paper by Ashley (1999). It akes a trained
specialist time and numerous sieps 1o extract coordi-
nate measurements. For complex structures, ade-
quate coverage requires that a large number of metric
views be taken, manually correlated, relerenced 1o
one another, and evaluated to extract detailed repre-
sentations of the subject. The process is labor inten-
sive and expensive, in terms of both film and pro-
cessing costs and human hourly costs. Finally, while
photogrammetry works fine lor rectangular structural
elements, such as a building, or the relatively limited
number of square cut beams exposed in association
with the Civil War cannon testing facilities at West
Point, the Rolleimetric camera alone would become
excessively time consuming and costly lor a site con-
sisting of thousands of irregularly rough cut logs un-
covered in Albany.

I had been tracking the developmental progress of
this and comparable large format 3D recording sys-
tems in the United States, Canada, and Europe for the
past several years. A number of small laser scanner
systems for small objects within a 1-foot to 5-foot
range had been available from a variety of sources for
some 5 years, but the first large-scale systems to be
made commercially available on the open marker
dated only to 1998. The Cyrax system was still un-
dergoing rapid developmental refinememts, only 18
units were available worldwide, and it was still
housed in a wooden box of dubious all-weather dura-
bility. If operational, available, and capable of doing
for archaeology what it had provided the oil and
movie industries, this new technology promised rad-
ically to alter how archaeologists could and would
record their excavalions with a potential for vast in-
creases in detail and resolution, in a fraction of the
time.

Over the weekend, | placed a call to the Cyra Cor-

poration in California, the makers of the LIDAR laser °

scanner technology, and quite simply left a message
with their answering service asking them o drop
everything they were doing and fly their best people
and equipment 1o Albany, New York, by the follow-
ing Wednesday. On Sunday, a senior executive from
Cyra called me back at home and, after a moment of
guarded skepticism, agreed to do just that. Assuming
the availability ol immediate funding, he said yes, and
so did 1. The Cyra Technologies Corporation repre-
sentative saw this as an ideal opportunity to test the
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rapid-response capability of their new systems. By
Wednesday, the directors of the project, representa-
uves of the New York State Historic Preservation Of-
lice, and senior administrators of the State University
Constpuction Fund authorized and funded the de-
ployment of the laser-radar team.

Loaking like a large box-shaped transit on a tri-
pod, this new large-scale, and highly ponable, laser
scanner is capable of capturing details of a three-di-
mensional structure with an accuracy of millimeters
over a distance of 600 feet (Figure 15.11). In essence,
the high-resolution 3D laser scanner developed by
Cyrax can produce an extremely dense series of scans
or point clouds, which in tum can be computer-ren-
dered to create a mesh model of the subject. Officially
known as LIDAR, the laser-radar technology can scan
more points than either integrated total stations or
photogrammetric reduction in a fraction of the time
and cost. Each scan of a 50-foot portion of a site or
grid matrix can typically contain 300,000- to
500,000-millimeter precise x, y, z coordinate poinis.
When seamed together using software 1o georeference
the various scans relative to the precisely measured
coordinate control argets measured with the onsite
computer transit, the multiple scans can be rendered
into a CAD-compatible 3D mesh model from which
accurate dimensions and locations can be extracted.
Laser-based radar is not harmful to humans, and can
work in full daylight or in total darkness.

The time frame for this rapidly mobilized, high-
technology recording solution is only hall the story
The 150-foot by 300-foot site was recorded in tandem
with both systems. One major variable allecting the
time frame hinged on how the two recording tech-
nologies would be raised and positioned 1o provide
full coverage from all necessary angles. Given the lack
of mobilization time to deploy both, a dedicated sus-
pension system was out of the question. Instead of
developing and building a system to provide wide
area coverage of the two-block-long excavation, a
100-foor=high movable electronic lift or cherry picker
provided unlimited 360-degree perspective views and
near overhead coverage from the air for both the laser
scans and hundreds of photogrammetric images (Fig-
ure 15.12).

The site was divided into eight 50-foot-square
quadrants, four along the eastern side and four along
the western side of the wide area exposure. Fach
quadrant was recorded from ground height, and then
from the lilt at 45 degrees, then 60 degrees, and fi-
nally with vertical and near overhead views from



Figure 15.11. Three-dimensional Cyra LIDAR scanner equipment and technical support team mapping exposed bulkhead
features.

eight side and corner positions within each quadrant,
For each 50-foot by 50-loot recording quadrant, a
total of between 24 and 30 Rolliemetric images were
recorded o provide flat-field planar overhead and
overlapping perspective views adequate for pho-
togrammetric reduction and 3D reconstruction of
each structural element exposed at the site.

The two teams, the Cyra stafl manning the laser
and 1 taking the overhead metric images, worked in
tandem. When one was recording from the ground,
the other was taking shots from the lift and vice versa.
The eastern half of the site was fully recorded and
cleared for construction in 6 days, between July 7 and
12. The western hall of the site was recorded in 42
hours over a 3-day period from Avgust 8 to 10. The
first 4-day recording session was undemaken with
one Cyra LIDAR unit and a single operator. However,
because of problems of hardware and software inter-

face on the [irst day of the initial effort in July, for the
second phase, | pulled in the equipment and techni-
cal expertise from two sources across the country: one
from a Cyra representative in New Hampshire and a
second instrument and team from 3D Engineering of
Florida, permiuing two scanners and operator teams
in the air and on the ground both day and night for
the last 3-day recording effort. A total of 900 metric
Rolleimeiric images and 600 megabytes ol multiple
3D laser-point cloud scans were recorded. The proj-
ect began construction on schedule without undue
delays and costs.

Discussion

The two technologies are not redundant but pro-
vide independent processes for remotely recording
the context and coordinates of excavated features and
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Figure 15.12, Field view of portable LIDAR scanner and technicians suspended over the wooden bulkhead structures,

artifacts. Whereas LIDAR provides dense records ol

point coordinate information, the single-camera pho-
togrammetry system exemplified by the Rolleimetric
camera and software systems provides a long-term vi-
sual archive of frozen provenience and metric infor-
mation. Images can be retrieved and reanalyzed wvia
the computer coordinate soltware componenis Lo ex-
tract specific points and dimensions of any visible ob-
jects or surfaces. The high-resolution, metrically pre-
cise, medium-format images produced by the single-
camera photogrammetry can be enlarged and studied
in detail to reveal minute elements and surface details
of exposed archaeological features. What may have
been exposed but overlooked during excavation can
be reevaluated at any time in the future.
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The two recording technologies are also comple-
mentary. The point-cloud data of the LIDAR scans
can be interpolated in the computer into actual coor-
dinates and as an interpolated or triangulated matrix
to form a metrically accurate framework or skeleton
rendition of the recorded features. These frameworks
can be computer processed in varying degrees of res-
olution from a simple 3D matrix of connected points
to a high-resolution computer image, which simu-
lates the form and surface details of the objects or
structures being recorded. But this computer-
processed LIDAR imagery is not yet photo-realistic in
its detail (Figures 15.13 and 15.14).

In essence, the high-speed LIDAR produces a met-
rically accurate point cloud or skeleton record of the



Figure 15.13. Detail of one section of the venical eighteenth-century wooden log bulkhead with control targets for refer-
ence 10 laser-radar scans. An example of a laser-radar scan may be seen in Figure 15.14.

archaeological surfaces and structural elemems (Fig-
ure 15.14). In contrast, the high-resolution color im-
agery produced by the Rolleimeiric single-camera
photogrammetry, produces a precise, metrically accu-
rate, high-resolution color image of the surface, or
skin, of what is being recorded (Figure 15.13). The
current technological challenge is 1o seamlessly blend
the two, to fit the photogrammetric skin over the
skeleton of precise LIDAR coordinate records.
Currently available software can readily surface-
map or laminate digital images onto simple geometric
forms. But the ability 1o precisely match or surface-
map the thousands of points that make up an irregu-
lar hand-cut wooden form or irregular stone-building
element with the minute visual details of a high-reso-

lution metric photograph is sull being developed.
Current computer systems can produce or simulate
the appearance of realistic-looking surlace mapping
of images over digital frameworks, but the level of
precision is al best still crude. The ability to accu-
rately surface-map the 900 metric images of the hun-
dreds of wooden elements recorded in Albany onto
the dense 3D point clouds recorded by the LIDAR
scanners is still probably 2 to 5 years ofl.

Conclusion

What are the implications for the future of these
recording technologies for archacological project
management and planning? In the first place, it is im-
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Figure 15.14. A computer “screen shot” of a raw 3D laser-radar scan of vertical wooden bulkhead elements. Each scan line
represents thousands of millimeter-precise coordinate points across the surface slice ol exposed log elements.

portant to reiterate that these systems are new, still
under development, and by no means perfected. Any
recommendation for their use is not a slam dunk.
Hardware and software are constantly being up-
graded. The photogrammetnic and laser data sets are
generally massive and difficult to process with stan-
dard office computer systems, and they require a con-
certed effort and budget allocation to integrate and
control. Nevertheless, the potential exists for this
technology to have a significant impact on archaeo-
logical excavation and documentation procedures.
From the project management perspective, the
speed, flexibility, precision, and near total coverage
provided by the LIDAR scanning technology together
with high-resolution color imagery of single camera
photogrammetry gives the profession the ability rap-
idly to document unexpected finds or sites difficult 1o
access. The availability of the current generation of
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powerful portable computers, in turn, gives the ar-
chaeologist in the field the means 1o transform this
cloud ol scanned point records into a database of
recorded site-specific artifact provenience and feature
coordinate points. Instead of 300 readings per day
made possible beginning in the mid-1970s with the
advent of computerized total-station electronic sur-
veying instruments, this new LIDAR scanner technol-
ogy in conjunction with computerized photogram-
metry provides the field archaeologist with the ability
to record literally millions of data poinis in a matter
of hours.

The implications of these emerging technologies
are profound from legal, policy, scientific, and public
interpretative perspectives. For the archaeologist and
planner faced with the challenge of needing to record
a complex archaeological discovery unexpectedly en-
countered in the path of ongoing construction, this



technology can become a tool of conflict avoidance.

This evolving capability in wurn gives both the sci-
entist and the planner the means of responding 1o un-
expected discoveries in a feasible, practicable, and
cost-eflective manner that serves to reduce or even
negate past arguments against deoing justice 10 our
dwindling record of unwritten history and precomtact
evidence. The specter of dire liscal constraints posed
by the popular paradigm ol “history versus progress”
may no longer hold.

Finally, from the perspective of our ability 1o cre-
ate public interpretations, these new recording capa-
bilities also suggest that the field archaeologist will be
able 10 provide the educator and museum curator
with almost ready-made visual data sets capable of
being transformed into dynamic public interpretative
programs in a fraction of the traditional time frame.

As recently demonstrated by the extraordinary
public theater installations in Israel, Canada, Europe,
and Japan, large-scale photo-realistic interactive and
total immersion virtual reality simulations of ancient
archaeological sites are now becoming the norm at
major national tourist centers around the world. Up
to now, these projects have been both costly and time
consurning, largely due to the natre of traditional ar-
chaeological data recording and rendition. Much of
the elfort to simulate “walk-through™ reconstructions
of anciemt monuments and sites has involved the
often laborious process of transforming traditional
manual and paper archaeological field and publica-
tion records into computer-compatible formats suit-
able for rendering into 3D simulated, computer-ren-
dered models. These time and cost [factors could
change significamly il and when the archaeological
community readjusts traditional field strategies to in-
corporate the newly available computer-compatible
digital point-data and image-recording systems.

It is not unreasonable 1o project that in the near fu-
ture archaeologists will be able 1o concurrently record
3D digital records of what they excavate with near
total accuracy. Images ol excavated structures and [ea-
tures can be reviewed on the computer screen in the
field, and any point can be zoomed in to reveal the di-
mensions, coordinates, surface texture, and accurate
color qualities of what is being excavated during, in-
stead of long alter, the objects are discovered and/or
destroyed. The day may not be wo far off when pro-
forma archaeological reponting and interpretative ef-
fonis will include millimeter-precise virtual rtaln}r re-
constructions of archaeclogical sites.
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