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ABSTRACT

~The installation of new or
modi fied systens on board U S. Naval
conmbat ants” during overhauls requires
advance planning shipchecks. (ne
primary purpose of a shipcheck Is to
document  exi sting shipboard
conditions in order to devel op
engi neering drawings for the
installation of these new systens.
Gathering and docunenting existing
shipboard conditions has always been
a very labor intensive effort.
Al'so, “accuracy of measurements is
restricted by congested spaces,
dinensions of extensive length, and
intricate confjgurations of systens.
Furthermore, thé accuracy of the
shipcheck information relates
directly to the quality of the
production installatiAsaurate _
wel | - pl anned ship check information
will reduce production
interferences, production costs and
schedul e vari ancéne objective of
a planning department is to reduce
manday expenditures required to
acconmplish a ship check while
increasing the accuracy of the data
gathered. ~ Automating this ship check
using photogrammetry, specifically
stereo photogrammetry, can provide a
means to achieve these obg]ectlves.
This paper will explore the use of
stereo photogranmetry to gather
ship check "data for shipboard
distributive systens such as piping,

ventilation, cable ways, conpartnent
arrangements and structural

conponents.

BACKGROUND

VWhat follows is a description of
how a typical advance planning
ship check is acconplished.
First, the task is identified.
This typically my require the
removal or nodification of existing
systens and the installation of new
mechani cal or electrical systens.
Structurally it may require the
renoval , penetration or nodification
of existing structures or instal-
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lation of new structures to acconpdate
these new or nodified mechanical or
electrical systens.

The decisions to nodify existing
systems or install new sysfens are
made by shipyard en,gg neers and
techni Cians responsible for each
system Existing conditions are
exam ned and evaluated and decisions
formulated on how the task will be
accompl i shed.  Each technical code or
discipline is then required to gather
the necessary data in order to .
accl?npllsh their portion of the entire
t ask.

personnel from all

engi neering disciplines
(structural, ~nechanical, and
electrical) wll ship check the same
conpartnments to obtain needed
informtion to conplete their
individual drawings. This |eads to
duplication of effort as well as added
opportunity for error in neasurenents
wth several people |ocating points of
interest from different vanfage

poi nts.

General ly,

Following is an example of where
error in measurenents and duplication
of effort can enter into the process.
A nmechnani cal engineer may |ocate a
new piece of equipnment off a bul khead,
deck, or structural stiffener. An
electrical engineer may have to locate
power boxes in this conpartment to
provi de power to this new piece of
equi pment, while the structural
engineer is required to provide a
foundation. Al three wll need to
sketch the existing structure. Wth
the breakdown of several systems over
many technical groups it becomes
readi |y ~apparent that many people wll
be duplicating neasurement efforts
even in this sinple exanple. This
process also allows for unavoidable
nmeasurenent errors. As an exanple
(figurel), dimensions of an existing
transverse beam can be taken from a



forward bul khead by one person and an
aft bul khead bY anot her.  Since both
bul kheads are lTocated on a frane

both dinensions taken should give the
sane |ocation of the beam wever,
these bul kheads, for one reason or
another, are typically not exactly on
frame. Errors during installation,
by excessive loading, or deformation
from damage are but "a few reasons for
these msalignnents.
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FIGURE 1.

DI SCUSSI ON

Ship checking with photogrametry
can be acconplished with either or
both of the two methods used in
phot ogrammetry, convergent or stereo.
Convergent is generally nore
accurate, but requires all points of
interest to be targeted prior to
photography, Steréo is generally
more versatile in ship checking
applications since data points are
gathered in the office from stereo
pairs (overlapping photos) which
produce a "3D" picture for data
extraction. COther situations where
stereo is the method of choice over
convergent include the inability to
physically place targets, large
degree of” congestion when determ ning
cafera vantage points, and excessive
nunber of dafa points required to
define an object.

Phot ogrammetry can be used
effectively in ship checking to
resolve some of the short conings of
conventional ship checkln?. First,
data B0|nts that are capiured can
onl e at one coordinate point
whether the coordinate systemis
local or in the ship's ‘coordinate
system Not only are measurenent
errors_elimnated, but the actual
di mensi ons t hermsel ves are more )
accurate. Secondly, photogrametric

data points that are input in a CAD
unit for reconstruction allow the
"ship check” to be performed in the
office. "Ship checkers" are not
affected by environmental factors such
as_ hot or ‘cold weather, novenent of
ship, rotating equipnent or
environmental “hazards such as
radiation. Also, unavailability of
key personnel being able to travel to
reimte sites for Iong periods of tine
can be overcome. The inexperience of
a ship checker can be ylruﬁall¥
elininated as a contr[butln%l actor to
ineffective ship checking. inally,
with the use of stereo photogrammetry
any change in guidance occurring after
conpl etion of shipcheck can be =
overcone. For exanple, a change in
equi prent vendor could result in a
larger unit being installed, thus
requiring additional systems to be
rel'ocated or nodified.” Stereo pair
phot ographs can be reused to extract
additional information that may be
required at a |ater date. Wt
conventional shipchecking nethods, a
revisit to the ship is alnost always
required.

PLANNI NG

An exanple of shipchecking with
phot?ﬂgannEtr is a recent frOJect on
the USS CONSTELLATION (CV64). The
area selected for the photogrametric
survey was Pump Room #5 ' (7- 195-0- E)
which contains fuel oil and fire
punps, air conditioning plants and the
associated distributive piping
systems. This conpartment also.
contained a false floor or grating
which linmted accessibility to the
areas being surveyed (figure 2)

_ As built installation draw ngs and
ship alteration drawings for the” punp
room were reviewed. Various piping
systens, Ventilation systens,
equi prent and structures were selected
for the photogrammetric survey. The
criteria for selecting systems to
shipcheck consisted of areas that were
congested with linmted accessibility,
s%stens with conplicated arrangenments
that would be hard to shipcheck
manual |y, and systems from varing
disciplines to determne if any pose
unique difficulties or peculiarities
Wth the use of stereo phopggrannEtry
it was not necessary to decide on
specific data points during the site
preparation and photo phase, rather it
was only necessary to decide on which
systens” or groups of systems were
required to be picked Up in order to
plan the camera stations (points from
where photos woul d be taken).



FIGURE 2. PUMP ROOM #5

Convergent photogrametry was used to
set up a coordinate systemin
relationship to the bul kheads that
made up the boundaries of the
conpartnents and to tie the photos
together into a network. In this
case the bounding angles that
remained after deck plates were
renoved provided locations for the
convergent targets to be placed.

As with an?/ phot ogramet ri ¢
project the planning included
determnation of camera and film
medi um (controlled for the nost part
by accuracy levels required), anpunt
of lighting required across the full
spectrum of the photogra[)h to allow
for sufficient exposure to read the
negatives, proper highlighting to
provi de enough contrast to identify
data points and location, and
frequency of photos to ensure
sufficient coverage.
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A sem-metric_Rolleiflex 6006
camera enploying 70mm Kodak Plus-X
Ester-base film was chosen due to its
ability to obtain data within our 1/8"

accuracy requirements. Aso, filmas
opposed to gl ass ﬁl ates allows you to
progress at a much faster rate.

Wth the preplanning conpleted?
sone of which was acconplished during
the shipcheck, the site preparation
could begin. This consisted of )
PI acing and nunbering targets used in
he convergent portion of "this
project, |ayi n? out camera stations
and outlining foundation edges and
[ightening holes with paint "to provide
contrast.  Photos were then taken_ and
reviewed to ensure that both quality
of photos and areas of interest were
captured (figure 3). That essentially
conpl eted the photogrammetric portion
of the shipcheck.



FI GURE 3.

PUVP ROOM #5, OVERHEAD
VENTI LATI ON

In the office stereo photo pairs
were placed in the analytical
conpiler and objects of interest such

as piping systems were neasured. The
process of measuring photos and
providing X Y,Z coordinates is
comon|y referred to as data )
reduction. The analytical conplier

provides X Y,Z dimensions. Three
di nensional neasurenents of

phot ographs requires an experienced
photogrametric technician to
correctly measure the points.

One of the goals of this project
was to take the coordinates generated
fromthe photﬂgrannEtrlc survey and
reconstruct CAD drawings. A conputer
tape of the X Y,Z coordinates was
| oaded into a Conputer Vision CAD
system _ This raw data was plotted as
$0|nts in space (figure 4 and 5).

he CAD operator used these points to
devel op detailed system draw ngs.
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The photogrametric pictures were
al so necessary, along with the plotted
P0|nts for the CAD operator to devel op

hese drawings. The pictures allowed
the CAD operator to relate the data
points to shipboard conditions. An
area of CAD reconstruction that should
be enphasized is the inportance of the
photogrametric technician who is
responsible for digitizing the XY,Z
coordinates of the stereo pairs. If
the photogrammetric technician is
aware of fhe type of dinmensions
required by the CAD operator the data
supplied may be sufficient to devel op
the CAD drawings. It appears however,
that the CAD operator and the
photogrametric technician nust have a
close working relationship in order to
process additional information as
required.

The CAD operator nust also provide
the intelligence to the data points.
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He or she nust attach the
characteristics/paraneters to systens
being constructed such as material,
wal | “thi ckness, size etc. The point
to be enphasized is that
phototq_ramwetry is not a turn ke
operation to ‘drawing devel opment.
The reconstruction of photogrammetric
information into CAD drawi ngs
requires skilled CAD operators and
time. Photogrammetry provides
accurate locations that docunment

exi sting conditions, the CAD operator
creates the engineering draw ng
(figure 6-8)

RESULTS

The aspects of this project that
were critiqued are the ability of the
equiprent to capture the data, the
accuracy of the data gathered and
cost conparisons of a conventional
shi pcheck versus a photogrametric
shi pcheck.

The areas chosen to be surveyed
were sel ected because of the
difficulty they would have presented
i f shipchecked manually.

mentioned earlier, the systenms }
surveyed contained conpl éx geonetries
or were |located in hard to access
areas. None of these situations
proved difficult for gathering
photogrammetric data.

It should be noted that this area
was previously shipchecked manually to

suPport an upcomng overhaul. This
allowed us to conpare results of the
survey to a manual shipcheck. The

tabl e bel ow conpares manual |y neasured
shipcheck information versus”
photogrammetric data for two piping
runs. ~ The neasurenents shown are at
the bul khead penetrations (Table I).

An acceptable |evel of accuracy
for a manual shipcheck is 12.7 nmm
(.5”). This is an arbitrary number
chosen mainly from past shipcheck
experience. ~ A conparison of the
differences between photogrametric
data and manual shipcheck "data, given
the allowable accuracy of the manual
rreasijr ement, denonstrates favorable
results.

One of the biggest problems of a
manual shi pcheck i's mssing

CV64 USS CONSTELLATION
PUMP ROOM NO. 5
7-195-0-E

FIGURE 6. LINES FROM POINT TO POINT TO RECONSTRUCT VENT IN 3~D MODEL
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TABLE 1, DATA COMPARISONS

/
PIPE | PHOTOGRAMMETRIC MANUAL DELTA AWR&(EY
DIST. FROM ,BHD 205
P-8 | 3879.85MM (I52.75IN) | 3881.12 (152.8) 1.27 (.05) +12.7 (.5)

P-10 | 3949.85MM (I55.5IN) 3961.13 (I55.95) [ 11.43 (.45)
DIST. FROM LONG. BHD
p-8 | 2856.18MM (l12.45IN)  2857.5 (112.5) 1.32 (.052)
P-10 | 2831.6MM (l11.48IN) 2838.45 (111.75) | 6.86 (.27)

information or oversights by to "tie in" all] the data into one
shi pcheck Personnel. Besi dées packa?e. Anot her area being
accuracy, the other advantages of a Investigated is the proper

hot ogrammetric survey is the ability aﬁpllca ions of this technology. Are
0 retrieve additional data at a there certain shipcheck projects that
later date. For exanple, with the lend thenmselves to stereo
use of photogramretric shipcheck photogrammetry nore than others? The
data, a location of a flttln% t hat goal of future research will be to
was omtted fromthe survey data can refine the procedures to the extent
be requested by the CAD operator at that photogramretry can becone a
any tine. This one benefit alone is routine shipcheck tool to be applied
invaluable in increasing the quality to high risk and conplex shipchecks
of engineering prints
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shi pchecks are projected to be equal. appreciation to the follow n% who have
Al'though the number of personnel participated in the shipchec
needed to actual!y gather the effort and preparation of this paper.
information on site can be reduced, ) ]
this is offset by the additional cost John F. Kenefick, JFK Photogramretric
of reducing the data fromthe stereo Consul tant, Inc. _
pairs. M chael J. Gunn, GHM Industrial

Measurement  Consul tants., Inc.
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] . ] Shi pyard, Design Division

First and forenost, this project
has proven that photogrammetry can
gather shi pcheck data for

istributive shipboard systems. The

data is also accurate compared to
conventional methods of s |pcheck|n%
An intangible benefit that can not be
overlooked is the ability to retrieve
additional data at a later date
This project also denonstrated the
flexibility of the equipnent to
shipcheck 1n congested areas and, as
mentioned above, "the cost of _
shlpcheckln? using photogrametry is
conparabl e to_conventional
shipchecks. This is the first step
in automating the shipcheck process.

Future efforts will be directed
at refJnln? procedures, such as
expandi ng the survey to include
wtlpecmmmtmns,am ]
investigating the techniques required
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