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PREFACE

In the manufacturing sector vast increases in efficiency and productivity have been
achieved in the past 20 years through automation. In order to reap similar benefits in
the construction, repair, and retrofit industries, which account for nearly 13%adf GDP
in the United States, means must be established by which the status of a complex job-
site may be assessed instantaneously through automated, advanced metrology sys-
tems; by which machinery can be operated in both partially and fully autonomous
capacities; and in which data flows seamlessly from architectural inception through job
site implementation. During the next 20 years these topics are expected to form one of
the highest priority research areas in the civil engineering arena.

In the fall of 1994 a research initiative at NIST was developed in construction automa-
tion, in alignment with needs projected by the Subcommittee on Construction and
Building, Civilian Industrial Technology Committee, of the National Science and
Technology Council. This carried the highest levels of support from NIST manage-
ment as one of six new areas of fundamental investigation for Fiscal Year 1996. In
preparation for this work, then estimated to be funded at $6M/ year, an industry-gov-
ernment workshop was held to solicit feed back from a representative selection of U.S.
construction companies as to the efficacy and utility of the proposed research. Topics
on the agenda included 1)sensors for Real-time metrology; 2) wide band telemetry
and data acquisition; 3) virtual site simulation and object representation standards; 4)
person-in-the-loop systems, including head-up displays and tele-operations; and 5)
construction robotics.

The workshop was held at the NIST, Gaithersburg, Maryland campus on March 30 and
31st, 1995. The format consisted of a series of keynote lectures from NIST and industry
on Thursday, March 30th, followed by a round robin discussion on Friday March 31st.
For the Thursday lectures, questions are set in italic style while the speaker’s response
is in normal text. In each case, the names o the discussion participants are listed at the
start of each exchange. A similar switching of text style is employed for the round
robin discussionsto more clearly delineate each speaker’s comments.

Bill Stone
NIST, Gaithersburg
May 1996



ABSTRACT

A two-day workshop on Construction Automation was hosted at NIST during March
30-31,1995. Research programs actively underway at NIST in this area include the
development of sensing systems, hardware, and software algorithms for advanced
real-time construction site metrology; wide band telemetry and data acquisition [the
ability to track many sensors at once through wireless communications]; virtual site
simulation and object representation standards [developmentadf robust virtual reality
models for construction site objects and machines]; person-in-loop systems [including
head-up displays, virtual simulators, tele-operations workstations, and portable data-
base interrogators]; and semi-autonomousmachine operations. These topics, and the-
need for database and machine interfacing standards, were discussed by workshop
participants representing industry, government, and academe. Specific invited presen-
tations included laser distancing, non-line-of-sight and kinematic GPS metrology, auto-
mated data exchange standards, real-time kinematic modeling, military helmet-mount-
ed displays, virtual reality displays, construction robotics, automated excavation, virtu-
al site representation, and automated building construction.

KEYWORDS: automated building construction, automated excavation, construction
automation, construction robotics, data exchange standards, helmet-mounted displays,
laser metrology, non-line-of-sight metrology, telemetry, virtual reality displays, wireless

communication.
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1.14 Group Discussion: Day 1

Eric Lundberg, SPSI, Inc.: 1 would like to
follow up on what Ken Reinschmidt said:
| kind of see that NIST has really estab-
lished themselves in the manufacturing
industry. Industry is a credible source for
high technology and improved methods
and | think by what | see around all the
walls in this room is a tribute to that, and
the recognition that industry is able to
provide solutions.

I don’t think that construction industry
has the equivalent of that — there is no
leader in the industry that can provide
the funding and the organizational
expertise to get the people together to
attack problems that we see in construc-
tion. And I think that one of the overall
goals of NIST may be to try to establish
themselves as that leader in the construc-
tion industry.

To do that, | just put a couple of things
together. | think a number of people
mentioned the fact that in the ATP fund-
ing that comes out, there is not really
anything focused towards construction
and maybe one way to establish that is to
actually grant money specifically
towards construction for groups in con-
struction to compete against one another
instead of against other manufacturing
technologies that might be more attrac-
tive because of their higher tech appeal.
Maybe my second point would be to also
look a little bit closer to implementation

as opposed to some of the far.off tech-
nologies — getting to the point made by
Clay Claassen of Bechtel —and looking
at how you actually implement technolo-
gy and actually promoting high technolo-
gy in the construction industry and high
tech construction techniques.

I think another issue with construction is
that there is really nowhere to turn when
somebody in construction has a problem
and needs a solution, and one way NIST
could establish themselves as a leader for
constructionis to become basically a
database of solutions for the construction
industry; recognizing and investigating
technologiesthat could be applied to
constructionand certainly their vast
knowledge of manufacturing and the
techniques available in manufacturing
could be a large part of that database and
be recognized as a source that people can
come to and ask questions when they
have problems. | think one of the ques-
tions was: “would you be interested in
participating in a CRDA?,” and of
course we would. | think that it is certain
that a small company like us has to be
very cost sensitive and time sensitive, but
we’re fully in support of participating in
a cooperative research arrangement as
we have with CERF —they established a
very successfularrangement in which we
were fortunate enough to participate.
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Carl Magnel (CERF): |1 am only going to
make one recommendation and make
one point. | would thirk it would be
advantageousto link construction
automation as effectively as possible with
construction goals. | think that that ms
tiative is gaining momentum — in fact
Dick and I will be together tomorrow
morning to push this along. And of
course Kent mentioned construction
goals as well. But you have got to thirk
of somethingdifferent. It’s a difficult
industry benchmark and a difficult
industry to note progress in and you
have to take and leverage everythingthat
you can to get construction automation
out there in the forefront and make it.

| would also mention that one thing that
we are a somewhat invisible sector —we
don’t get noted up on the Hill. Itis only
in the last couple of years that this
administration, for example, has made
the construction sector more visible by
making it visible in the Department of
Commerce and elsewhere, and certainly
in OSTP. But what we forget sometimes
is how important we are to the nation as
awhole. We are about 13%0f CDP and
the only other sector that surpasses that
is health care. Sowe’re a big component
and the impact we have, or don’t have, is
enormous.

Wk are in a situation now where infra-
structure renewal is really critical. How
are we going to do it? We’re not going to
do it unless we’re able to put the picture
in place that the construction sector has
some significant roles that they need to
achieve and that there are vehicles for
doing that, including construction
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automation, so | would really recom-
mend that.

From CERF’s perspective, Eric mentioned
consortia effort that we had with SPSI.
And | would tell you that we are very
much interested in doing that —leverag-
ing industry’ the federal sector, to do
things that no one could do by them-
selves.

Mike Sims, NASA: | just want to briefly
describe the channel that we have in
NASA for taking robotics technology and
transferring it into the world. And |
want to do that for two reasons. One of
which is to invite you to consider propos-
ing or looking at it as a way to get
involved, and secondly as a way to bring
it up as a possibility for a relationship
with NIST because we’ve been exploring
one with NSF.

Wk have a robotics engineering consor-
tium that is located at Carnegie Mellon
University and it is really our way of try-
ing to get all government robotics work
to funnel into the private sector. There
are three projects we have that are cur-
rently on going. One is with Ford-New
Holland, where (in1996)we are aiming
for a demonstration of autonomously
harvesting 100 acres of corn, beginning in
an arbitrary spot and not having particu-
lar information about the terrain in the
field. YYou will know it’s corn but you
will not know the structure of the rows,
for example. That is to be determined by
the vehicle, before it commences the har-
vesting. That is a joint program between
Ford-New Holland and this consortium.
The second project that is going on right
now is a project with Boeing to look at
automating tracking of their fuselages



through their assembly plant. The inten-
tion is to track and to control the moving
of these vehicles through the plant.

The third project is one with Armstrong
Floor and this has to do with the laying
of tiles. The first milestone, the first
objective of that plan, is to lay the tiles in
the middle of the floor. It turns out that
in certain applications the automatic lay-
ing of tiles looks like economically a very
good thing to do. And in a later stage
we’re going look at laying of comer tiles.
The program is set up so that any project
that comes nis a 2-3years program. Its
set up as a joint program — in general
the contract can be negotiated — but it is
typically in terms of 50-50 funding
between the private sector and the gov-
ernment.

An inkind demonstration of that contri-
bution is fine. These projects are in the
realm of 1-3million total project costs.
Wk started last year with several million
dollars. From that million we have had
corporate contributionsinto the consor-
tium of $8.5 million so far. That includes
sizable contributions for example, from
SGl and Deneb. Wk are interested in
relationships with NSF and NIST.

We put n one millionand our plan is to
fund 2-3 projects at roughly a million
dollars each, projects being 2-3 years. So
our plan from NASA is on the order 2-3
million dollars per year. Dave Lavery at
NASA HQ is probably the best contact if
you would like further information on
this program.

| should point out that these cooperative
research agreements are between NASA
and the Robotics Engineering

Consortium (REC) and then REC estab-
lishes an agreement between REC and
the commercial vendor — so in fact there
IS not going to be an issue of going out to
the competition.

NSF involvement to date has been under
discussion. Some of these technologies
they are interested in. Some are ones that
they have been funding for along time.
They are interested in seeing those get
incorporated into the real world and into
industry. It has become so that one of
the browny points you get i the national
government is from actually taking your
technology and getting it out for use in
the world.

Milt Gore, DuPont: | would like to build
on the suggestionthat Eric had concern-
ing a consortium, a technology exchange
mechanism, or clearinghouse. Well |
guess my vision is that you have owners,
firms, academia, suppliers — suppliers
could provide steel pipe or software,
whatever — and these folks bring to the
table the latest, greatest technology and
maybe NIST is the clearing house. And
NIST makes sure it is the latest greatest
technology, and they keep the database
on the solutions of every implentation. |
think one of the things that we don’t do a
very good job of in construction is docu-
menting our successesaround implemen-
tation. We do a fair job on a lot of things
we do and a real good job on a few
things, but we really don’t toot our own
horn, if you will. We don’t keep score
and | think that is something NIST could
help us do. The more you do that, the
more you are going to drive the use of
the technology.
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| think the national construction goals
initiative will fulfill some of that by
adding benchmarks to make things visi-
ble, plus set things off in the right direc-
tm. If you got the right mix of funds.
Its real difficult from my perspective for
an owner to be totally credible and the
NC fam to be totally credible —not if
they stand alone. But if you can docu-
ment a success, all of a sudden you get
some credibility.

Carl Magnel (CERF): One of the chal-
lenges is to put together exactly what
you are talking about. One of the things
that National Construction Goals says is
that in trying to implement that it is quite
clear that it is probably going to have to
be sector oriented. You are going to have
to have residential, industrial, commer-
cial, public works sectors because they
are not the same.

Clay Claassen, Bechtel: I'd liketo add a
comment to the goals approach and the
issue of the clearinghouse for technology
and making it available to industry. One
of the key elements if these concepts are
going work is, number one, to actually
do some benchmarking and that means
in dollars And also set up methods to
identify savings that have been achieved
with various new technologies, so that
you can get some actual cost-to-benefit
analysis and ratios. That's the kind of
thing that gets some attention in the con-
struction industry, both with the engi-
neering/construct companiesand the
owners. What can | save?
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2.0 Day 2: Round Robin Discussion

Chuck Schaidle, Caterpillar: I'd like to
comment on the questions that were
raised yesterday afternoon. Did we want
to recommend papers or did we want
hardware or software? Caterpilleris
interested clearly not in papers ... lately
we haven’t been documenting our own
work well enough. Regarding hardware
and software developments, let me say a
couple of keys things. We need to
address major things. There are a whole
lot of little fringe items that have to be
solved. Hit the maior ones. Ve are inter-
ested in major items. This equates to
commercializing. Our interestis in earth
moving but we recognize there are other
peoples’ interests in building construc-
tion. | say this for CAT machines but its
really earth moving machines I'm talking
about. We recognize ourselves that the
systems we’re developing will need to be
used on everyone’s machine. W\e can’t
isolate our machine. A system that will
succeed in being a system will have to
involve everyone else.

| put these as priorities, but they are
more a sequenceas | see going through
this. [If you think about a multi-year
NIST program or anyone’s program, and
our own multi-year program walks in
this sequence. Operator informationis
critical to any form of automation. In
this, you can include position metrology
technologies, because that is the basis
upon which all these others are going to

be built. The first step, therefore, is to
provide that information to the machine
operator, to the foreman, to the manager
etc., and then use that information to
start helping the operator to control the
machine. W call those “skill-enhanced”
controls. These may be doing things that
the operator is unaware of, or things
which take away some of the more
tedious functions from the operator, such
as raising and lowering the blade con-
stantly. An operator on a bulldozer, by
the way, raises and lowers a blade on the
average of once a second. Sothat is the
kind of thing I am referring to as tedious
work.

The next step beyond that is semi-auto-
mous, and in that category | would put
robotics, and then, as you move on, there
are autonomous machines and systems.
It has always seemed to us that we build
in that sequence, and that there are clear-
ly commercial applications all along this.

When we look at the kind of projects we
would like to get involved in, we want
those to be very well defined and we
want them fast moving. It turns out that
if it is not fast moving the benefit we get
from participation and any funds that
others bring to the party simply get
washed out in the time. Time is money
and if we’re spending more time at some-
thing, we would rather spend more
money and go faster. And then | say
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with leaders, and | don’t mean that to be
exclusive of anyone, but what | really
think that it is challenge to all of us to
pick out what we are really good at, and
focus on what you and your companies
are really good at, and bring that to the
party. Because that is a real big job and
you’re not going to have time to play in
several fields and play catch up with the
leaders. So pick what you’re really good
at, and bring that to the party.

Some of the specifics, as | see it ,are GPS
technology improvement. Ve would be
interested in RISC chips in the receivers.
These would certainly speed the GPS cal-
culationsup and it will bring the cost
down. The market for GPS is going to be
high and there is going to be enough
demand out there to be able to afford
RISC chips. What we need are afford-
able, high accuracy., multi-channel real-
time chips. New algorithms need to be
developed. If there is an algorithm in the
commercial domain and it competes well
with the ones that are in private domain
then people will use those. Some poten-
tial partners in this field include
Motorola —where they are doing some
research in RISC chips. | know several
of the GPS people who are developing
their own RISC chips as well.

GPS augmentation: by itself GPS is not
going to work everywhere. It will not
work in the urban canyons, nor in the
western canyons, and sometimes it won’t
work where you have a high multi-path
environment. So anythingwe can do to
augment that — maybe lasers, accelerom-
eters, or gyros — needs to be explored.
Some non-GPS location techniques: from
our interest we have to get large —a
thousand meters. Sure, there are some
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100 m sites that our machines work on
and | thirk the SPSI technology is one of
the ones that will work there. Buit really,
unless we can interchange between sys-
tems our machines move too fast and
generally work larger areas. So | thirka
1000 meter range — covering a one by
one kilometer service area — is really
what is needed. Some of the ways for
doing that include pseudolites, lasers,
and RF. Wk are very interested in a pro-
ject in which we take an XYZ that is com-
ing out of a system like that and plug it
into the information system that |
showed you the other day.

Bill Stone, NIST: Ifyou were working on a
kilometer grid, what would be your required
accuracy?

For most of what we do you are going to
need plus or minus six inches (152 mm)
of XY, and Z to plus or minus a few cen-
timeters. Ideally, you would like to have
plus or minus 2 centimeters. Particularly
in the Z-direction. It is unfortunate that
GPS doesn’t work well in the Z-direction
(vertical). A lot of applications could get
by with 6 inches but if you’re settingan
accuracy target (for new technology sys-
tems), set it at 2 centimeters. A large
western mine that will go down a thou-
sand feet would see control of evaluation
to within 6 inches at every bench that
they go down. The whole mine plans
are based on 6 inches maximum devia-
tian from the control elevations.

It is typical now to require grade control
on a parking lot to one inch drop across
the parking lot. If you get any more than
that, the water forms puddles, ice builds
in the winter up or the water runs df too
fast and washes ditches. If you start get-



ting into paving you’re going to have to
get down into the centimeter range.

Bill Stone, NIST: There was a letter that
was passed out yesterday which was sent by
G ay Sippel of Allegheny Excavating in
Pittsburgh. This is around a 50 person con-
struction company which mostly does excava-
tion work, although they also develop office
complexes. They use all CAT equipment.
His big concern is ““howdo I get rid of the
lasers and inclinometers on the blade and still
get that one inch over grade.” Even in rough
conditions. This seems to be a ubiquitous
question in the excavation business.

Chuck Schaidle, Caterpillar: Onboard
display technologies: we need to improve
the LCD’s in terms of getting cost down,
illumination levels up, range o illumina-
tion up, cooling requirements down.
We'll investigate heads-up displays. |
don’t know what the acceptance of our
operators will be, but many operators
have to wear a helmet on those machines
anyway. It’s an OSHA or MSHAR
(Mining Safety Health Administration
Regulation). Adding another half pound
of weight to those helmets might be
acceptable. It needs to be explored from
an ergonomics stand point.

Bill Stone, NIST: Whenyou say operators
presently use helmets, are you talking about
regular construction hats?

Chuck Schaidle, Caterpillar: Yes.

Ken Goodwin, NIST: Those displays are
going tojust get lighter and lighter. I’ve seen
displays that are just on the back of a com-
puter chip.

Ron Levandowski, Honeywell: There’s
some major re-design in the helmet here.
Right now, these helmets are resonably inex-
pensive. They’re not cheap. And they are
well balanced. Whenyou add something to
it, it puts the user off-balance a bit and it will
increase the cost. It may be silly tojust say
well, let’s just add this display to our existing
helmets. Rather, let's look at a design that
incorporates this display ina new type of hel-
met. With the state-of-the-art in surface
mount technology that is coming out now
you can almost inlay that equipment right on
the inside o the shell.

Chuck Schaidle, Caterpillar: I’'m not
convinced, from CAT’s point of view,
that the operator will prefer to have it up
there on his helmet, as opposed to an
easy to see location somewhwere in the
cab.

Any applicable software for managing
the data onboard, off board, single
machine or multiple machines, or
whether it’s the management software,
the monitoring diagnostics software, the
plans, any of that, and the software that
drives the information displays. Those
are projects that we would be interested
In participating in.

Another area that is in need of research
involves pushing the capabilities of wire-
less data networks in a multi-machine
environment. Often times, this will
involve large obstructionsin between
and with some very high data rates, and
with high demand that the data be accu-
rate.

Bob King, CSM: | think that there is a link
here in terms of looking at architecturesfor
large volumes of data and vey high rates.
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They all sort of tie together in looking at a
software operating system that maybe you
can use to support parallel processors, rather
thanjust a single RISC chip. I think there is
a whole system that is necessary to handle
these extremely large volumes of data and
extremely high data rates. Especially when
we get to the time d video data rates.

Chuck Schaidle, Caterpillar: Along
those lines, two of the systems like the
one | showed you yesterday was running
with a separate computer doing the GPS
calculationsand another computer doing
the information system. e have multi-
tasked those two computers and we’ve
also had all that done on one. At any
given time, there is no preference but our
preference over the long term tends to be
to keep these things separate so that the
individual technologies and individual
component suppliers can move at their
Oown pace.

So what in fact we have been encourag-
Ing GPS suppliersto do is to put their
computer back in their signal condition-
Ing box — give us an XYZ and time and
we’ll take care of it from there. Sure you
could do it with one chip but then every
time the GPS supplier changes its chip
you have to change your system. The
same thing applies to the software. Yes
you can tie your display softwareto your
data management software but | thirk
somewhere down the road you’re going
to want to do that. At this point all these
things are moving too fast developing
too fast. Our approach is to keep it sim-

ple.

Bob King, CSM: My point was not to tie
them all together into one machine but rather
that it would be a good thingfor NIST to do
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in support of this activity is to become that
information center on the lowest cost parallel
multi-processor machines and information on
how operatoring systems can effectively uti-
lize those multi-processor machines dealing
with this data. One multi-processor machine
might be a GPS technology; another multi-
processor machine might befor management
of datafor the whole site. | wasn’t inferring
that everything go to one central computer.

Chuck Schaidle, Caterpillar: | thirk
what your saying is for NIST to look at
what is out there in the computational
and storage areas and to say, “how could
we adapt that to construction.” The
NIST group that is involved with con-
struction automation should not try to
drive processor technology. We’re kid-
ding ourselves —we are not that big —
to drive processor technology.

Bob King, CSM: We’re talking about having
an information database here at NIST or
NIST being the source of informationfor
improved construction techniques. This is
one part of that piece of information that
NIST could be gathering that would serve
this activity.

Chuck Schaidle, Caterpillar: One
thought that we have been wrestling
with iswhen you do work down here in
this software and database, you need to
think about that being compatible with
whatever processor and whatever operat-
Ing system environment you’re going to
be working in. You can’t afford to be
rewriting and setting new standards
every time Motorola or Intel comes out
with a new chip. We see RISC (Reduced
Instruction Set Chip) as being key to all
this. RISC is a chip that is cut to runspe



cific calculations. It is not very flexible,
but very fast.

JimAlbus, NIST: One d the things we’ve
been looking at in the manufacturing areafor
Is what is the information that is needed to
move from one module to another? What you
are saying here is that you'd like to have a
GPS module that just gives you XYZand
my guess is that there are a bunch of other
kinds of modules like that that you would like
tojust have the data that that thing is sup-
posed to produce and what you’d like to be
able to say is, “I need that data to a certain
accuracy. Now you tell me how accurate you
are giving it to me. You give me some para-
meters that characterize the data, including
undertainties,and somebody decides on how
fast you‘'d like that data. Either you tell them
howfast you want it or they tell you howfast
they can give it to you. So you want the
data, you want to have some way of specify-
ing howfast its going to come, how precise it
IS, something that characterizes the data.
That’s the kind of information you want to
into that box or get out of that box. You
don’t care what’s in that box. That's the GPS
guys’ business what he puts in there. You
don’t care as long as it works.

We’re interested in thinking about that data
exchange. That has been our thrustfor a
number of years. We try tofigure out what
thefunctional modules are and then worry
about the exchange ,that’s the way IGES
works — we don’t care what‘s in the CAD
system as long as your data is in standard
format. When the data moves from one place
to another it has to be in a standard format. |
think we would be very interested in working
with you and listening to your ideas, and
maybe you could organize with some stan-
dard committee to look at the issue of what
are the interfaces, the message protocols , the

formats, what is the information content. It’s
sort o like the application layer ¢ the ISO
standard. That then gives you the plug-and-
play system capability. Okay well say that |
got 35 companies that make GPS systems. If
somebody else comes up with a better one |
would like to be able to pull the one out that |
got out, put their in, and expect it to run.

Chuck Schaidle, Caterpillar: It goes
way beyond GPS. | would like to take
the survey data that comes off of any-
one’s survey system, whether it’s GPS-
based, total-station based, or a fly-over
digitized map. It gets complicated pretty
fast. | think what Ernie was showing
yesterday is a start. It is a layered envi-
ronment. Another question we are often
asked is how accurate does this have to
be, what is the minimum cell size. The
minimum cell size depends on what the
applicationis. It wouldn’t be too bad if
you say for mining it’s one thing and for
parking lot construction it’s another. But
then it gets down to what machine you’re
using, because some of these machines
are working to much less exacting stan-
dards and are getting data every meter.
Then it get down to how fast the machine
is running; that’s when you start getting
into information display. If you only
have data every 10 meters, the question
is, ”what do you display to the operator
when he’s between those data points.”

It is not acceptable for him to be shown
one piece of data and then immediately
jump up to something else. So either you
have to interpolate between those — and
you hate to do that if you have good
data. If for some reason now you come
along and you take that dozer that went
over there and its got survey data all the
way along there, you do not want to
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throw out 9 points and save 1. So it gets
into the problem of making a gross-accu-
racy database compatible with a very
detailed base. And you can exchange
data between a gross database and a
detailed database.

JimAlbus, NIST: You know we run into
that at a completely different scale in the
inspection of machined parts. Now were talk-
ing about a thousandth of an inch resolution
or 1/10,000th of an inch resolution. When
you machine it, you‘ve got tosize it. Often,
when you inspected ityou just touchitina
few spots and make inferences as to what is
between those spots. Infact, one of the pro-
jects that we are working on right now
involves collecting data using optical sensors
and stylus probes, and passive probes thatfry
over the surface. All that technology is being
developedfor things like turbine blades, but
you could quickly apply it to things like
improving the accuracy d a grading maneu-
ver. It’s just three orders of magnitude differ-
ence in scale.

Chuck Schaidle, Caterpillar: Another
analogy is finite element analysis for
structures — you can have a gross grid
until you come to a weld joint (where
you have high stresses)and you want a
detailed analysis of that area. Then you
go out and test it, and it breaks some-
where else. Now you have to go in and
do a detailed analysis of that new area.
Our machine, the dozer, when it leaves
the office it drives to the site where it’s
going to work, with the same database
that it uses to do the work, but with a
totally different data intensity. You have
to do that. The highway map — the road
out to that site may be ten years old, but
you’ve got a digital map, you can’t afford
to go back and redo that.
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JimAlbus, NIST: There are also some inter-
esting applications now with military
unmanned ground vehicles where you infact
want to drive without an operator,and be
able to give the vehicle a command and have
it come back by itself — using inertial or
GPS data that you recorded on the way out.
You don’t want any radio transmission after
a certain time. Lots of potential leveraging of
this technology.

Chuck Schaidle, Caterpillar: I am not
sure that any of us in ##Sroom are good
data managers. You need to be looking
at the AutoCADs etc.

Kent Reed, NIST: We‘re better thanyou
think we are (laughter).

Bob King, CSM: Chuck, | think tiscon-
cept applies —we’ve been using posi-
tioning data as an example and of course
at a construction site we would be earth
moving, building, whatever. There are a
lot of other kinds of data, and they all
have the same need. For example, when
we do the system help assessment with
multiple sensors on a machine ...you
mentioned 65 or a hundred, however
many sensors we have on the machine,
we don’t save every data point. We col-
lect data at a very high rate, but we are
continuously testing these data points
and if we see a linear situation - a
straight line — developing, then we just
have a equation with that line. Only
when it doesn’t fit the straight line, we
runa good test, do we save a point. And
so what you are saying s that there are
some instances were you just need gross
data. And other instanceswhere you
need higher frequency data. That applies
not only to positioning, but also applies



to ten different types of data on the com-
pression cycle. It just not just positioning
data that you should be considering.

Bill Stone, NIST: Yougave us some number
there: plus or minus 6 inches in one case,
plus or minus 2 centimeters in another.
Perhaps this is something that Milt (Gore)
can answer better. Whenyou are talking
about putting up buildings and other types of
major projects, what is the accuracy that is
really needed if you wanted to know that
something was put in place properly?

Milt Gore, DuPont: | haven’t been
involved in too many building projects
other than blast resistant control houses
on federal government projects but gen-
erally we’re looking for single story
buildings we need to be better than quar-
ter inch.

John Schlecht, Ironworking Institute:
Structural steelsfabricate plus or minus an
eighth.

JimAlbus, NISE What is the limiting
factor or tolerance there? How good
could you do it?

John Schlecht, Ironworking Institute: The
limitingfactor is the bow and the sweep in
the hot rolled shapes. Every thing really is
fudging back from the mill tolerance.

Bill Stone,NIST: Wk have talked about a
good many things here in the last two
days. Earth moving seems to be one of
the obvious candidates for automation —
one that people always tend to think
about. But there is another facet to this
that relates to what Milt Gore at DuPont
was saying yesterday, where they are
looking at on-the-ground prefab seg-
ments and lifting these “value-added”

units up and assembling fewer, more
complex macro components. That con-
cept appliesto a lot of things, not just in
the petrochemical industry. The idea
would be that if you prefabricate some-
thing it would be nice to do automated
“docking,” as the guys at NASA would
say, and have it automatically assembled.
You can connect that prefabricated com-
ponent to a crane and bring it in and
have it automatically recognize where it
has to go. The reason that | say this
brings me back to the question: “if we are
autonomously contolling a crane to bring
in a wide flange steel section that is
going to be bolted in place, what kind of
accuracy would have to be maintained
such that a guy could go up and slap the
bolts in and then go ahead and take
over?”

Clay Claassen, Bechtel: Weare talking
about two different things. One isfabrication
tolerance and the other is erection tolerance.
And the answer on erection tolerances is,
“what is the demand of the envelope you are
working in.” For example, any elevator
building has exactly what you are talking
about. That is, a module inside the structure
that has to operate within a certain tolerance.
But | think normally, and I'm not positive on
this, but | think then you’re talking about
halving that tolerance down to about a six-
teenth d an inch. But of course that is over a
distance. You keep coming back to the plus or
minus sixteenth as you go in vertical enve-
lope — which is called plumbing, or a plumb-
Ing-up operation.

| think it’s hard to come witha standard for
structures. It depends on what the structure’s
requirementsare. I think back on a project
we had few years ago down at the Kennedy
Space Center. We were building a large
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launch complex structure where it was a
moveable launch complex structure about 30
stories high and it was on huge railcar
wheels. And on the front d it was a door
that would swing open. The door isa 150
feet tall and about 75wide and weighed about
125 tons and we had asfar as positioning for
installing door, we had to check the steel at
different parts at different times during the
day. Depending on the thermal effect of the
sun on that structure, even cloudy days ver-
sus sunny days, we had to perform those
measurements to see how the structure react-
ed to thermal expansion/contraction before we
determined how that door will fit. It all
depends the kind of application you’re talking
about.

Milt Gore, DuPont: Those requirements
—that building envelope requirement —
Is a standard architectural consideration
in your specificationsfor the curtain wall,
the elevators, and that is one of things
that you do in the plumbing. You have to
allow for the time of day and the temper-
ature.

Bob King, CSM: Toadd to that, in the high
wall mining application that | mentioned yes-
terday — of course we don’t have GPS
underground and we commonly use a sensor
called a ring-laser gyro ,and in that applica-
tion we been able to achieve about 1 inch over
2000feet. And that is necessay to keep the
pillars of rock between those two high wall
entries straight so that you don’t leave too
much material inone and cut out the materi-
al in the other and end up with a collapse.
DuPont has an underground coal mining
subsidiary called Consolidation Coal
Company that uses a mining method called
Long Wall mining, where they start at one
end f a long block of coal and just take a
slice all the way along that block of coal, and
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It might be a 2000feet long. So that they
obtain an even slice every time, usually each
slice is about 42 inches thick, they have a
laser alignment system that keeps them over
that 1000feet within an inch of precision.

Clay Claassen, Bechtel: The important
thing as far as positioning is having the
capability of collecting positioning data
from a variety of sourcesand, depending
on the informationyou are trying to col-
lect, making that available at the con-
struction site in a common format. That
positioning data has to be able to be col-
lected and recognized on a real-time
basis. You have to be able to integrate
positioning data from whatever source
it’s coming from into a common program
so that you can represent what you are
trying to describe. It has to be translated
in @ manner where it becomes visual to
the people that are going to be using the
data. It can’t be in abstract form, it has
to be displayed in a manner that is
understandable and can be related to
what an individual is trying to accom-
plish. So, you have to have a lot of flexi-
bility in a system that is going to either
satisfy earth moving operations, steel
erection operations, equipment installa-
tion operations etc.

Bill Stone, NIST: IfI read you correctly,
you are suggesting that there ought to be a
standard digital format for metrology sensor
output, such that it can be recognized by any
standard package as to the rate, the accuracy,
the repeatibility and things like thatfor that
type of sensor, so that any program then
could get data and say, ““Ohthis isa low
grade sensor, it isgoing to update evey sec-
ond.” Then maybe whoever is using that can
set a flag which says that you can‘t do that
for this application, it‘s not accurate enough.



Then you have a suite of technologies. Then,
T you had a job where you said you have to
control to 1/16 of an inch over a 20 story
building and click on GPS, the system is
going to say, “sorry,not accurate enough to
achieve that tolerance.” You have go down
and figure out what other technologiesyou
have available toyou.

Clay Claassen, Bechtel: | want to clear
up one thing. We may be skating off on
very thin ice here. These tolerancesyou
are talking about, in steel construction, at
some point along a beam or a girder or
something like that your tolerance may
be, because of bow and sweep and shape,
you may be off by half to three quarters
of an inch. You come back to your toler-
ance at the connection in the plumbing
operation. In other words, you are never
going to have a grid along a member
where you are always within that 1/16
limitation. | think maybe there was a lit-
tle misinterpretation there. The thing
that controls the tolerance is the actual
rolled shape, which is to a fairly big toler-
ance.

Bill Stone, NIST | guessthere are two
things. In my mind | don’t think steel
erection is going to get the stage in the
near future where it is done automatical-
ly. There are going to be people up there
who are going to be making the connec-
tions and the placement as the compo-
nents are brought in.

Ken Goodwin, NIST: Not necessarily.
That’s exactly what Lehigh has been working
onat ATLSS. Youneed +- 1/4 inch to place
those. Its a wedge shaped connection which
gives you larger tolerencesfor the initial mat-
ing maneuver. Ifyou go to different type of
construction like that, when you go to an

assembly now you are doing this plumbing
and you are doing a lot of adjusting. If you
could go to a self-aligning and self-plumbing
system —something like the Lehigh connec-
tors — it would pull things into compliance.

Clay Claassen, Bechtel: As far as com-
mercial building construction, you are
working to a larger tolerance with con-
crete than you are in steel. Soyou are
always going to be controlled by a broad-
er tolerance, where your footings, walls,
and all that other stuff goes, and interface
-- where one material frames to another.
So it is always a process, in laymen’s
terms, you are always getting out to a
point and pulling back to what your tol-
erance might be and then that’s what
they call in steel “plumbing it up.”

When you have a bay in place then you
pull it back to within your required toler-
ance.

Ed Pendelton, SPSI: | would like to sum-
marize some of the things that I1"%e heard
here. Asfar as what NIST can do, | think
you should think about what you do best.
And what of those things | would say is set-
ting standards. | picked off afew of the areas
mentioned on the information sheet we got
before we came here, including virtual site
simulation and object representation. We
talked a lot about positioning information
which is certainly an interest of mine, and of
SPSI, but there are a lot of other elements out
there to keep track of. Weknow this will be
criticalfor a fragmented industy where you
have a lots of different kinds of folks trying to
talk to each other. You need to have those
standards so that we all can speak a common
language.

A second area | see is lessonsfrom manufac-
turing automation,because | think there is a
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lot to be learned from this that is applicable to
the construction industry. And I'll give you
some counter examples with our technology
(SPSI) we're not just looking at construction,
but going into manufacturing. Weare find-
ing a lot of interest in manufacturingfor our
technology. So maybe here is a case where
construction can teach manufacturing some-
thing — we'd certainly like to think so.

| think there is a lot we can learn from NIST
with regards to their experience with manu-
facturing automation. In terms of data com-
munication, this is another area mentioned ...
wide band telemetry and data acquisition. If
you look at all the presentations we saw yes-
terday and thejob sites d thefuture, if you
could visualize what the EMF signal would
look like it would look like a ball of fire with
things going everywhere. So | think that is
going to be a real key problem and | know
that is one d the problems we are always con-
stantly working with. Withour system we
don‘t have any problem getting information
at the user site, wherever he has that instru-
ment. But getting it relayed back to a station
on site to be used at a CAD station is a prob-
lem.

Withregards to question #2, whether we
would be interested in CRDAs, | have to
take Eric, who is the technology guy for SPSI
and | am the marketingguy so | come down a
half of notch, | say CRDA maybe, but it
depends on the applicationfor us and then |
sort of slipped this in this morning after Bill
said “grants,” and | say probably. So being a
small company we’re always interested in
what we might be able to do to partner up
withfolks and tofurther develop not only
our technology but others as well where we
can help.
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JimAlbus, NIST: You should be aware
that under a CRDA, the companies that
we deal under CRDA can own the

patents that come out of the research. If
we give you a grant, we own the patents.

Ed Pendelton, SPSI: We have come up
with a vey innovative technology, but we’re
faced with coming up with an equally innov-
ative means d marketing the technology to
the construction industry. So | think that its
key that whatever NIST does here in terms of
furthering certain technologies, to really keep
in touch with the customers here. Sometimes
that isa vey difficult thing to determine in
construction. Thereare a number d cus-
tomers. It could be owners, architects, engi-
neers, and designers, any number of folks. So
that’s what makes marketing to construction
a difficult task. It’s not always clear exactly
who your customers are going to be. Other
than that,I would like to say anything that
will promote new and emerging technologies,
as Clay mentioned yesterday, d course we are
vey interested in because we think that we
have very exciting technology and will be
used quitea bit not only in construction but
in other industries,and we are certainly look-
ingforward to working with NIST now that
we have an office in Reston.

Bill Stone, NIST: Do you have any com-
ments, Mike (Sims), about data commu-
nications. Wk talked about this a little bit
yesterday but the idea B, if you have
hundreds of Dantes (CMU autonomous
robot tested n August, 1994 on Mt.
Spurr, Alaska) out there, you said 50% of
your time on a mission was spent setting
up the communications links. What do
you foresee as the bedlam (or lack there-
of) N trying to implement that on a con-
struction site?



Mike Sims, NASA: Our systems are not
traditionalfor evey site. Weare in the realm
where we go and perform a week longfield
test or possibly up to several months, but it’s
really a different setting each time. Myfirst
guess for implementing this technology at
construction sites would be to go out and try
standard commercial packages, such as radio
ethernet — set yourself up in an environment
that has a protocol for communicationand see
if that meets your needs. If it does, great.
You can then easily get multiple machines
communicating with each other locally via
radio ethernet.

| don’t have any direct answers to how you
would deal with the problem of having a hun-
dred Dantes out there, tying to get images
back. Thefirst thing | would do is | would
say, | would be real careful ¢ taking some-
thing like that to be a requirement, because
it‘s sort of looking and projecting what might
occur. | would rather try to take actual situa-
tion paths and see what the requirements are
on those and see what that volume d data
coming back really looks like.

Chuck Schaidle, Caterpillar: I’d make a
comment on that. The need is more
immediate than that. WWe have more than
one customer that’s operating in excess of
50 machines that wants to equip those
systemsthat | showed you yesterday on
each of one those machines. That cus-
tomer wants each of those machines
inputing and extracting data from a com-
mon database that is also tied to their
engineering planning system and is also
tied to their management system to cal-
culate things as fundamental as produc-
tivity on a daily basis.

Mike Sims, NASA: Those bandwidths
could be vey small. If you give the machines

at some point initially their own databases
and they only communicate back and forth
critical pieces d that data. The required
bandwidths can be dramatically reduced. It
may not yet be an issue. Ifyou were telling
me that you had to get real-time video back
on all 50 d those machines | would start to
worry about how we were going to do that.

Let mefollow up ona comment — if go to
the point d defining standards or protocols
of communications among various data sets
we have in construction, | think it’s useful to
be careful about what kind of data that is and
where standards may or may not be useful,
and what those standards might be. What |
mean by that is, take an example ¢ the image
data, two dimensional image data. Thereare
dozens offormats that image data is written
in. Infact those dozens of formats arefairly
well known, and if you go to a reasonable
environment you could take any of those
dozenformats and put them into your sys-
tem. So from the point d view of most of
most d those, it doesn‘t matter, usually. So
in terms of the data that | am getting back,
which looks like an image,for which thefor-
mat is not terribly important, but what |
don’t know about is that there is not an
agreement. There is an agreement on how to
communicate a certain type d data — it’s
this XY dataform. But there‘s not an agree-
ment on what that data means.

So there’s not an agreement on,for example,
protocols as to whether this image represents
a square centimeter or a square kilometer ...
you just don‘t know that. Sometimes it is
embedded in the headers, sometimes its not,
but there is no protocol about it, there is no
standard. Infact there are no standards
about what that image data is. You can
embed all kinds of data inside that particular
imageformat and we do it on a regular basis,
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and really then it‘s not an image at all. So
when you gather up this piece of data you
don’t know what language it’s speaking in.
So, that is an issue about who actually knows
the content of the data.

Traditionally in programming, we do that by
making notes in the source code. So the pro-
grammer has it in his head and then they
embed the content information in this coded
form and the code passes back and forth this
string of vey compacted data. But it has no
infomation about what’s in it.

As you get closer to object-oriented ways of
dealing with information you tend to ty to
start putting some of that information into
the data itself. My point is that there is a
distinction between the actualformat in
which you are transmitting data —which
allows you to communicate among various
elements. Infact | would suggest that the
way image data does it is very different, in
that very powerful compression processing is
involved to effectively transmit that kind of
data. There is a whole other suite d image
data that is useless to do. Youdon’t know
enough about it to use that data.

On the other side, what is the language of
communications? | fyou want take a data set
at XYZ location you can do that. Whatis
the systems of units you are talking about?

Is there a common language we can agree
upon enough to say that this piece of data is,
for example, topography. Or this piece of
data represents coloration. | don’t know what
the right parameters are. Is there enough
commonality that you you know where to go
tofind more vocabulay then say, “thisis
what that data is.“ There is thisfundamental
issue of whether to embed that information in
the data or not to embed it.
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In recent information work, it is not embed-
ded in datafor several reasons. One is
because it is less efficient to transmit the code
than the data. 1fyou put more information
in it it becomes less efficient to transmit.
Sometimes that is significant and sometimes
it’s not. Another reason it’s not often done is
that it’s hard to do. It takes more work to cre-
ate data sets which have information in them
than it does to create data sets that don‘t.

So ,image data we use all the time contains
virtually no information even though we
could put a header into it in variousformats.
But typically there is none there simply
because it is to much trouble to bother with
and there is also the problem that once you’ve
decided what this is, is it really more work or
less work if somebody else could use that?

The idea of transmitting data from,in the
sense of that the data in and of itself knows
enough about what it’s doing that the data in
a sense becomes self-readable, The data can
be transmitted in aformat that’s useful. It is
an extremely powerful idea at certain levels of
abstraction, but as the world is right now |
don’t know about the future. As the world is
right now there are certain levels of abstrac-
tion in which | am specific enough that
putting more information in actually slows
down post-processing.

Bill Stone, NIST That would be N some-
thing like updating a full screen video
frame whereby the header would take up
refreshtime?

Mike Sims, NASA: | am not worried about
that per se.. For example, when we go on a
mission and we come back with thousands of
iImages — lots of data space. Wealso take
those images and process those images in lots
of ways. As it is right now, we don’t keep



track o the histoy d those process changes.
Wealways keep a raw set, but we don‘t keep
careful track of the histoy of those process
changes to that data, except in our heads.
That might be extremely useful. But the
overhead to getting it done right now doesn’t
justify our time. People are, infact, very
good at keeping track d such changes. So as
d right now that additional piece ¢ informa-
tion — ““thisis place XYZ “ — with lots of
header stuff would be useful, but we cannot
include the entire histoy of how that data has
been processed.

Bob King, CSM: I'd like to get back to
what was said yesterday about automati-
cally creating the as-built drawings for a
site. This is very closely tied to that
activity, and | think a lot of the ways we
can reduce the data volume, like you said
“not send stereo images with all the
information in them everywhere,”, is
simply to have models and a sort of a
pose of each model, a position and orien-
tation of each model. And as that pose
changes, that’s what we transmit: the
item which identifies each object and its
new pose, rather thantrying to transmit
complete video images.

Bill Stone, NIST: | think in the case
when you’re talking about position or orien-
tation, particularly in terms of a vehicle, |
think you’re right — you can have packetized
information that has a binay byte that iden-
tifies the type of machine and then it might be
two bytes if you want to cover all types of
known construction machiney, but probably
not more than that. So you would have an
encoded packet. And there would be another
packet for XYZand yet another for theta-x,
theta-y, and theta-z. And there might be a
few others to cover other general articula-
tions. I don‘t know how much that would

end up being, but it would certainly be more
on the order d several tens of bytes at most,
as opposed to a megabyte per frame at 30
hertzfor video. It would befor these smaller
packets that data exchange standards might
prove useful.

Bob King, CSM: Somewhereyou have a
knowledge base of all these models.

Bill Stone, NIST: Exactly. So that way
somebody like Chuck (Schaidle, CAT) over
there — if they have a vey complex piece o
equipment that has just come out, maybe it
has ten degrees of articulation that they want
to know about, they have a standard repre-
sentationformat to work with in describing
that machine. The standards people on the
other hand have to allow up to, say 20 differ-
ent arculations in their standardized kine-
matic model. Then it’s up to Caterpillar to
assign what those mean. Whenyou get down
to video, that’s a whole different ball game.
We have to ask questions like, ’wherewould
you need video and what would it be useful
for?” I’'m not convinced that real-time video
is required in most practical situations. It is
in the case of teleoperation. For that situa-
tion you need it. But notfor 99.9% of the
average construction sites in the U.S.

Kent Reed, NIST Let me remind you of
my comments yesterday morning about
digital standards. I think you’ll find that
from now until the end of time you will
have a lot of different standards. You
certainly need to think about an architec-
ture. It may be the same syntax that we
use in every layer of the architecture but
the meaning in each case will be quite
different, depending on how much infor-
mation is passed and how fast and who
really needs to know about it. | would
really be nervous about any standardiza-
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tion effort that starts off saying, "*how
many bytes do we have to work with?"" |
think that's the wrong end of the tele-
scope.

Bob King, CSM: A lot of earth moving
operations require this positioning data and
other data to go into different types of soft-
ware packages. You mentioned a couple ones
— an engineering issue management system
and a planning system, an inventoy system
and so on. | know that Jim (Albus,NIST)
has worked with Ray Harrigan at Sandia
where they have or are beginning to build a
standard called the GISC (Generic
Intelligence System Controller)system. It's
really not DOE'’s pervue, but because such a
thing didn't exist where they could merge
let's say a kinematics and dynamics modeling
package with a robot controller with a real-
time expert system with another piece of
database software,and soforth and so on.
They wanted a standard way of interfacing
all these differentsoftware packages that you
can buy from a large number of vendors, and
that certainly is a worth while endeavor
which has applications in construction as
well as manufacturing.

JohnSchlect, Ironworking Institute: |
have both a question and a statement
along those lines. Does NIST have a role
in an effort combining with the American
Institute of Architects, the American
Society of Civil Engineers, maybe the
American Institute of Steel Construction
to ... I am looking at thispresentation of
construction bottlenecks from yesterday
afternoon and it asks the same question |
was trying to ask yesterday: Can struc-
tural drawings be electronically trans-
ferred to create and automate reinforcing
steel fabrication and placement draw-
ings? And then obviously the next thing
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would be robotic placement, for example.
And then in the structural steel arena,
basically the same question: can the task
be automated to develop directly from
the structuralengineer's drawings?

You need to be concerned that down-
stream interfaces involve big lag times,
including getting in a mill order, generat-
ing shop drawings etc. Caterpillar says
there is an end product, but all those
phases leading to the end goal could
achieve tremendous improvements in
efficiency if we had a standard for data
transfer through each of those phases.

Kent Reed, NIST: That is exactly what we
are working on with STEP, Wewant to
maintain histories of manufacturing back to
the materials that went into the components.
The Europeans are ten years ahead of us. We
need tofocus on all the pieces, so that the end
results come out better. This might suggest
another workshop that is a bit morefocused
than this one.

JohnSchlecht, Ironworking Institute:
This is the first time I've heard of STEP.
But I'm new at thisjob.

Clay Claassen, Bechtel: The idea is to per-
mit raw data generated in each phase of the
engineering and construction to pass through
to the next. STEP isattempting to do that,
in order to eliminate some of the reformating
of information — essentially the same infor-
mation — which sees slightly different use
depending on the current phase in the
process. Whatwe need to do is eliminate the
middle men. Weare presently reformatting
numerous times information that really has-
n'tchanged. Wegenerate different informa-
tionfor the procurement process, thefield
engineering process, thefabrication process.



All of these people are just re-interpreting the
same information and what we really want in
the end is simply toget that information in a
useableformat into the hands of the people
doing the work.

KentReed, NIST: All that reformatting
is at best value added and, at worst,
noise!

Ken Goodwin, NIST: Does STEP incorpo-
rate topographic information? Does it embed
information concerning where things are as
well as what they are?

Kent Reed, NIST: The structure of STEP
allows for all types of information. But
there are not many people working on
those aspects. Furthermore, the construc-
tion industry has been slow to bring
those concepts that it finds of concern to
the table. In process plant design, we are
able to convey information concerning
shape, location, interference geometry
and tolerancesetc. The real question is,
“what topology do you want?” Do you
want to capture every phase in the con-
struction process?

Bob McClelland, Fluor Daniel: Whatwe
would like to see is a totally integrated infor-
mation exchange system involving ,by
automation, transfer d design data, materi-
al/fprocurement information, progress status,
etc. Wewould like to be able to do that
between all disciplines involved in an engi-
neer-construct project. Such a system would
involve interfacing design systems, material
control systems, project controls systems, and
field supervision systems.

We think that bar-coding and wireless trans-
mission of data to a jobsite server is a good
idea. You need to send that information to

the people who are in need of receiving that
information and screen it from those who
don't want or need to see it. The use of pen-
pad computers with radio ties to a jobsite
server would eliminate a lot of paper. When
you are up 60feet and the wind is blowing
and its hot the penpad is a real advance. We
are using it on a project right nowfor redlin-
ing. As built, they come with onboard PCM-
ClAcards and a 250 megabyte hard disk.
They can carry all the drawings they need
out to thefield.

It is encouraging to hear that most everyone
here has the same train of thought. Let me
reiterate that an important aspect is to make
sure any personal digital assistant (PDA)
speaks the same language (data)between dif-
ferent systems — whether its designed on
AutoCAD, PDES, ProEngineer etc. They
must be able to talk to each other.

Let mefinish withjust a few words about
Fluor Daniel. Wemay be interested ina
CRDAVpartnership, but this requires VP
approval. I, as an individual engineer, would
be interested. Fluor Daniel Technology
(California)would likely be the tie-in point
since their interest is blue sky technology.
What I've seen talked about here during the
last two days is of interest to the construction
division.

Early in the day, someone made the statement
that maybe NIST was not such a good plat-
form to encourage the implementation d new
technology in certain government contracts.
Keep in mind that NIST is involved with
standards and technology. I think, contrarily,
that it might be possible, and useful, to write
into the standards and specifications on cer-
tain government contracts the provisionfor
the inclusion of new technologies.
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Kent Reed, NIST: We have helped the
Navy write specificationsand have
helped our own procurement division
write specifications. Where we see prob-
lems is in defining what constitutes a
working database; what constitutes a
release database; how do you embed
license stamps and seals — as in who
authorized this drawing or who stamped
it. The technology exists, but establish-
ing the business authorization is hard.

Mike Sims, NASA: There are widely used
commercial software version control codes out
there.

Bob McClelland, Fluor Daniel: Here is
our bottleneck we have invested a large
amount of effort designing our plants in
Intergraph format. \We would like to
issue that model direct to the field, but
the drawings have to be stamped. Sowe
are stuck — we presently have to print
out a hardcopy, stamp them, scan them
back in, and then we can issue them.

Kent Reed, NIST: Thereal issue is how to
achieve this integration. It's useless to talk
about technology when business practice is
the block. Bob (McClelland)talks about the
potential for a digital P.E. stamp. So, how is
tort law going to handle such things as digi-
tal notebooks, stamps, sigroffs. There are no
established mechanismsfor dealing with this
right now. What this creates is new exposure
to risk. You canjust imagine going out and
getting a lawyer to convince a judge that you
didn't assume responsibility for some job.
What s the verification mechanism for this
digital PE. stamp?

Another point that was brought up & that
knowing your customer is hard in the con-
struction industry. Plant STEP is such a
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consortium. And yet various parts of Fluor,
for example, have been approached and don't
seem 10 be interested.

Bob McClelland, Fluor Daniel: one part
might be interested; one not. I'd suggest
you contact the Technology Center,
whose mission is to identify new technol-
ogy and partnerships that Fluor could
benefit from. Another likely group is
Ken Reinschimidt’s part of Stone &
Webster.

Kent Reed, NIST: a consortium worksfor
some and notfor others.

Bob King, CSM: Do you have a phased
approach toward getting to automated
information exchange?

Kent Reed, NIST: Yes, it's going to take
several years to implementation. This was
described yesterday by Dick Wrightand is
detailed in the BFRL report to the National
Science and Technology Council. There are
several initiatives that have been proposed to
halve the cost or manhours & doing a partic-
ular activity. The initiative has seen different
names, but overall, the idea is to integrate the
various tasks so that all participants can com-
Municate together.

Ken Goodwin, NIST- The ATP program
experience with the medical industry
showed that what they really wanted
was an integrated information system,
not new technology. The next step is to
develop new means for the integration of
information. ATP grants are now being
made for developing the missing technol-
ogy in that area. So, in the construction
analog, what are the missing technolo-
gies? | think we need to enhance com-
munications between various systems.



This could be a step in the right direction
for NIST. We need, for example, a gener-
ic means for STAAD 3D to talk to PDES.
For PDES to talk to Prima Vera etc. Right
now there is no field superintendent’s
Planning and Reporting package -- some-
thing to help them know what equip-
ment is on site, what’s available and to
use the PDES model to plan activity.

And there is still the issue of tagging
information to components.

Bob McClelland, Fluor Daniel: 2 0 bar
coding is afew years away. It may be a good
idea to have one standard for eveything. 2D
coding can contain the equivalent of an 8-1/2
x 11 sheet of paper in information content —
but there is no national standard yet. For
example, you have a pump out there. The
drawings could be contained on the 2 0 bar
code, as well as the build date, the operational
data sheets. Furthermore, there are memoy
buttons out there as well that can hold four
megabytes d data (16 pages plus graphics).
You can extract information from these, or
rewrite to them. They have a ten year lifes-
pan. From our point of view, it would be
extremely beneficial to be able to send a
PDES drawing to vendor, instead of design
drawings (hardcopies), and say, ““build this”.

Kent Reed, NIST I’'m always shocked
by how little information content is
included in the uniform bar code system.
If you go to the grocery store and you
scan a carton of milk, you can trace back
to what vendor it was and what that
product cost. But if you scan the carton
of milk next to it you have no way from
the bar codes of knowing that both are
discussing bottles of milk, or even that
they are both generically discussing the
same kind of grocery product. It isan
incredibly backward system; so if there is

a need in the construction industry to
have better marking of materials, then
they need to fix the two dimensional
code. Here’s the opportunity to try to
make it smart.

Bob McClelland, Fluor Daniel: We’re
working our vendors to t y to come up with a
more intelligent one-dimensional bar code
that supplies us more information. | am not
working on that specifically myself but there
Is another guy that’s sits a couple d offices
down that does nothing but work on bar
codes.

Ernie Kent, NIST: | think if we have the
right kind of information exchanged
between different packages we begin to
give that site superintendent the tool that
we were talking about yesterday morn-
ing, which is the ability to deal with
“what ifs”. What if it rains tomorrow?
So we have some material properties
about the soil and we know, “isit OK for
this dozer go ahead and work on this
particular site tomorrow?’,. What if this
critical piece of equipment is broken
down? What else could | do on this par-
ticular site.

Bob McClelland, Fluor Daniel: Whatif
it's going to rain. Do | have the material in
the lay down yard to go and work inside
tomorrow?

Ernie Kent, NIST: Right. That’s really
where you want to get with this. You are
not just after information exchange. You
might get, in a couple years, to being
able to exchange all this information.
What’s the real value of that? Well, the
real value is so that the superintendent
doesn’t have to spend all his time writing
all this information down and filling out
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reports and so forth. The superintendent
can now talk about, "let's do this what if
analysisevery day and plan what we're
going to do the next day.

Bob McClelland, Fluor Daniel: Weare
currently using the PDES (Plant Design
System) model. W e have it implemented on
an Intergraph system. It is capable of con-
taining a great amount of data including
material delivery, orders, purchase orders,
specifics in size and dimensions and weight of
certain things. So, it's got the space in its
tables to give any object on a screen-specific
entity and that's what we'd like to do is give
those items specific entity information so that
the superintendent down in thefield can click
on that piece of equipment and pull up reams
of data.

Bill Stone, NIST: At thespoint, our time
isup. |would like to thank each of you,
and the organizationsyou represent, for
taking the time to participate in the past
two days' discussions. e will look for-
ward to your continued advice as we
move towards implementation of our ini-
tiative in construction automation here at
NIST.
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Appendix B: Letters from Industry

Gary A. Sippel
Allegheny Excavating

| am the president of Allegheny
Excavating Inc., a commercial site devel-
opment contracting company in
Pittsburgh, Pennsylvania. Our primary
work is site development for shopping
centers, retirement villages, and housing
plans.

In my 17years of business, | have seen the
industry move from transits and levels to
the present use of EDMs and grade lasers.
These instruments depend upon a direct
line of site which presents a problem at
times.

W& begin our bidding process by review-
ing a blue print drawing of, for example, a
60 acre heavily wooded site. Suppose the
drawings show building locations on this
site for a shopping center. Under this
building is a 45 to 50 foot cut with 600,000
cubic yards of earth and rock to be moved.

In order to accurately determine the
amount of rock excavation by core
drilling, we would have to locate building
corners in the middle of a dense forest.
This procedure requires partial clearing
and surveying to get an accurate location
on the building and surrounding areas to
be graded. This process can get very cost-

ly-
It is very important that we establish con-

trol points for our test boring and locate
them on the prints. Then we log these

points into our earth works program, so
we can determine an accurate quantity of
rock strata.

As we start construction, we search for
limits of work. We always used an engi-
neer to establish property lines and limits
through over-grown areas, peaks, and Val-
leys. Because the site is not table top, this
requires major control sets by an engineer,
all of which cost money.

Once the site is cleared and we move on to
top and bottom of slope, the most critical
locations are fill slope (whichcould be 200
to 300 feet long) or a cut slope (whichmay
be 100 to 150 feet long). Due to these
lengths, locations and elevations cannot
be off. If they were inaccurate, once you
reach the top df a fill and you have a road
or building, you cannot go back and add a
sliver of fill or cut a sliver on a cut slope.

As earth moving continues on the site,
some times we are asked to provide two
building pads totally remote from each
other, with a major mountain in-between
them. Once again we have to have our
engineers set up control and shoot each
pad separately. This is so that once the
first pads are done, the general contractor
can begin constructingthe first two build-
ings while we are moving the earth
between them.
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As the project enters its final stages, we
bring the site from a rough woods to with-
in a tenth of grade. We use our grade
lasers in combination with blade con-
trolled sensors on our scrapers, dozers,
and graders to cut and fill to meet final
sub-grade. The need to know elevation,
and location is necessary in order to com-
plete this operation.

The laser equipment is good on a 2 or 3
acre building pad or a 10 acre parking lot,
provided that the grade does not change.
Once there is deviation and grade change,
the instrument has to be set up again at a
different location and different percent of
grade.

In general, the laser equipment is good
because it is accurate, cost effective, and
efficient. The problem is in order for us to
use our laser effectively, we must be pro-
vided with location and elevation control
from an engineer. This takes a lot of engi-
neering backup and control to establish. |
have alwaysthought that there has to be a
better way to control elevation with loca-
tion.

Relating our need with a company in our
complex which sells tractor trailer loca-
tors. This system uses a satellite to deter-
mine where a truck isand if it is in transit.
The only problem is that this degree of
accuracy is far too wide for construction
use.

As a contractor, our needs are by use of an
aerialbeaming devicesuch as a satellite or
sound device. A contractor could use the
designengineer’s layout on computer and
input field reference points, such as prop-
erty corners, into the computer. This
would enable us to take a sensor and or a
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laptop computer to certain areas of the site
to establish the limits of clearing, boring
holes, top and bottom of slopes, building
comers and pad elevations or certain
areas in the parking lot or roadway and
define an exact location and elevation
using our inhouse instruments.

From start to finish on a site there is a
’need to know.” Everywherewe improve
the site, we need to know the location and
elevation. By producing a system that
does not depend on direct line of sight for
elevation and location, would help revo-
lutionize the construction industry. This
would allow us to be considerably more
productive and efficient.
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David Seagren
Charles Pankow Builders, Ltd.

Design- Builder’s Perspective
Construction Bottlenecks:
Primary

.Information

As a design-build contractor, the devel-
opment of architectural and structural
documents has the greatest impact on
our bottom line. We are ready to com-
mence construction with just the founda-
tion contract documents completed, but
usually have to wait. This is the number
one source of delay to a project. Can any
automation be applied to the architectur-
al and engineering firms in developing
design information?

eInformation Transfer

Architectural, structural, and MEP docu-
ment information transfer in expediting
the subcontractor shop drawing devel-
opment and approval process is critical
to achieving greater efficiency. For exam-
ple, can structural drawings be electroni-
cally transferred to create and automate
reinforcing steel fabricationand place-
ment drawings for precast and cast-in-
place construction? Currently these shop
drawings may take from 2 to 7 days to
draft, depending on complexity, and the
specifications usually require an addi-
tional 2 to 3 weeks for the structural

engineer’s approval. Contractors are
forced to either proceed without
approval or build this time lag into their
schedule. For a fast-track project this lag
Is unacceptable. A significant technolo-
gy to improve this process a number of
years ago was the FAX machine. Another
example of a significantbottleneck is the
structural steel shop drawings. These
may take 6 to 8 weeks to develop and 3
weeks for approval. From the time of
subcontract to the steel hitting the jobsite
can be 5to 6 months. Can this task be
automated so that shop drawings can be
directly extracted from the structural
engineer’s drawings?

Both of the above examples relate to costs
associated with the owner’s revenue
stream, the cost of financing the project,
and the contractor’s general conditions.
Compressing the schedule for document
development and transfer will signifi-
cantly impact the cost of the project from
our perspective.

Beneficial Items:

Minor Software Needs
Performance-based Design Software:
Design tool for performance require-
ments to be selected by owners (lenders
or insurers). Drift (lateral building sway

under lateral loading) based?
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Code Requirement Software
(non-structural)

Input basic initial parameters for concep-
tual design

3D Contractor Planning Software

Site planning, structural erection, materi-
al & manpower movement and hoisting
locations. Fast and easy input with basic
structural elements and equipment pre-
loaded in library. Can this be linked to
create rough schedules?

Minor Field Applications
Automate Rebar Cage Fabrication:

Develop portable flexible manu-
facturing systems to fabricate,
onsite, column and beam rein-
forcing rod cages.

Automate Concrete Placement:

Allow placing boom or pump to
place concrete at desired rate and
location based on input.

Safety Tag

Develop a worker safety tag
which transmits a proximity bea-
con to receivers on all moving
construction equipment to notify
the machinery operator through
an audible tone of a pending col-
lision. This would prevent acci-
dents caused by lack of visibility
and complacency. This type of
accident is all too common and
costly in our industry
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Compression Strength of Fresh
Concrete:

Develop a low-cost and accurate
instrument that would prevent
placement of poor quality materi-
al. Most projects will encounter
the problem of a low-strength
load and the costly ramifications.
CPBL applications would include
slip-forming construction meth-
ods where a low-strength load
will halt construction. Similarly,
an instrument is needed to accu-
rately measure the water content
of concrete transported in ready-
mix trucks.

Portable Dust Collector:

Remodel / Build over projects
(e.g. shopping mall rennovations)
create conditions where contrac-
tors must protect store fronts and
tenant and anchor merchandise
from dust. Drywall dust is the
primary culprit.

Water Intrusion Detector:

All buildings leak. Tracing the
source of moisture can be an
expensive operation as well as a
source of ill-will with the owner.

A Note on Most Expensive On-
Site Tasks:

The cost of a particular task is
highly dependent upon the type
of constructionand the structural
design. The exact same structure
at different locations can have
significantly different costs asso-



ciated with different tasks, e.g.
setting foundations, and place-
ment and removal of shoring for
cast-in-place type construction.
Generally speaking, it is impor-
tant to recognize that labor has
the greatest single impact on con-
struction cost.

Highest Safety and Financial Risks:

Fall Protection for employees.
Public Safety. Existing structures:
protect from damage or settle-
ment.

Recommended NIST Involvement:

e Fund and conduct research
where the fragmented construc-
tion industry lacks the neces-
sary funding and willingness of
owners to pay for it. NIST
must keep industry involved
during all phases of the
research to ensure applicability.

» Technology Transfer: Provide
means and methods to intro-
duce new technology and over-
come cost barriers.
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