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TITLE: LOCATION-BASED CONSTRUCTION PLANNING AND SCHEDULING
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention pertains to the field of
automated constrﬁction. planning and scheduling, and more
particulérly to a system and method for location-based
planning that allows traditional critical path

methodologies to be used in conjunction with location-based

methodoiogies.
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BACKGROUND OF THE INVEI\I‘I;ION
[0002] Construction planning has typically been performed
manually. To the extent that any construction planning
processes can be automated, they have been limited to
critical path method prbcesses where the | materials,
resources, and other constraints for 1nd1v1dual tasks are
modeled. However, assignment of these tasks to locations
within a construction project and coordination of the tasgks
has been performed manually. '
f0003] For example, a censtructionf project' manager may
seek to finish each task as soon as possible} such that when
a prerequisite task is completed, the next task is initiated.
While this process makes intuitive sense, the result is often
~ that different construction ‘teams either wait for a task to
be completed, or are assembled as needed every time a task is
completed. Such. processes introduce additional cost and.
delay into the constructlon process, but:the time requlred to
manually determine whether tasks can be scheduled based on
the location in which the tasks-are performed is prohibitive,
because of tﬁe many variables that are t&pically essociated-
with each task. For example, whether or not detail work
should be performed in an area may depend on whether there
are additional floors above the area where activities are
being performed that require support to be provided in the
lower area that would ruin the detail. As a resuit, the
difficulty in creating a methodology for accommodating -such
variables has resulted in such planning being done manually,

resulting in wasted assets, delay and increased costs.
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SUMMARY OF THE INVENTION
[0004] In accordance with the present invention, a system.
and method for location-based pl.anning are provided. that
overcome known problems with automating éonstructi’én activity
planning.
[0005] In particular, a system and method for location-
based planning are provided that allows logical connectiocns
to be applied between location-based tasks and critical
path method activities to allow automated generation of
construction activity schedules.
[0006] In accordance with an exemplary embodiment of the
present inv,ention," an apparatus fér locatiqn—based_‘
mariagement' of construction is provided.. - The apparatus
includes a first layer 1qc'ations system generating one or
more first locations where construction activities can be
performed in parallel, . such as different buildings.. .A-n
second layer locs;tions system generates one or more second
- layer locations where construction activities can be
pei‘formed in parallel for one or more of the first'
locations, such as different rooms within each building. A
third layer 1locations .system ge’neratés third layer
1dcations ‘where construction activities can be performed in
parallel for one or more of the second layer loéations,
.such as installation of finish features in each room. A
construction activity location system associates each of a
plurality of construction activities, such as pbﬁring
floors, installing walls, or installing finish, with one of
the first locations, the second locations, oxr the third
locations. The system also generates location-based tasks
based on the locations of construction - quantities

associated with the task. A construction activity
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association system associates one or more of the plurality
of construction activities with one or more of the other
construction activities, such as by identifying finish
activities that can be berformed together or that must be
performed in series. A construction sequence system
generates a sequence of construction activities. based on
the layer associated with each construction task and based
on the other construction activities associated with that
construction activity.

{00071 The present’ invention provides many important
technical advantages. One important technlcal advantage of
the present invention is the coordination of locatlon-based
construction scheduling with critical path method
construction scheduling. This is:- accomplished through the -
.use of a layered approach that identifies areas in which .
~ construction tasks can be performed in parallel as well as.
the relationships betﬁeen those tasks and other tasks in the
same and other locations. .

[ooos] Those skilled in the. art will further appreciate
the advantages and superior features of the invention
together with other important aspects thereof on reading the
detailed description that follows in conjunction with the

drawings.
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' BRIEF DESCRIPTION OF THE DRAWINGS
[0009] | FIGURE 1 is a diagram of a system for locatiog~
based construction planning in accordance with an exehplary
embodiment of the present invention; | ’ -
[0010] . FIGURE 2 | is a diagram of a system .for
construction activity location coordination in accordance
with an exemplary embodiment éf'the present invention;
[0011] FIGURE 3 is a diagram of a construction activity
association system in accordance ' with an exemplary
embodiment in the presént invention; and
[0012] FIGURE 4 is a flow chart ‘- of a method for
automating schedule creation in acéordancg with " an

exemplary embodiment .of the'bresent invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0013] In the description that follows, like parts are
marked -throughout the specification and drawings with the
game reference numerals. The drawing figures might not be
t6 scale and certain compdnents can bé shown in 'generalized
or schematic form and identified by commercial designations
in the interest of clarity and conciseness .

[0014] FIGURE 1 ié a diagram of a system 100 for
location—based construction planning in accofdance with an
exempiary embodiment of the. present invention. System 100
aliows constru'cti‘on planning to be -perfbrmed based on
considerations of locations of construction tasks or
activities, and can be used in conjunction with critical
path method (CPM) construction planning processes or other
suitable construction plénning processes.

[0001] System 100 includes location-baséci construction
planning system 102 and first layer locations system 104,
second layer locations system 106, third Ilayer ‘locations
system 108, production risk system 110, qénstruction
quantity location system 112, construction activity-
'associ'at::i.on system 114, construction schedule system i16,
and location-based procurement system 118, each of wh'iclq
can be implemented in hardware, software, or a suipable
combination of hardware aﬁd software, and which could be
one Or more softwaie systems operating on a general purpose
processing platform. ‘

[0002] As used herein, a hardware system can include
discrete semiconductor dev:ches, an application-specific
integrated circuit, a field programmable gate array, a.
general purpose processiﬁg platform, or other suitable

devices. A software system can include one or more

6
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objects, agents, threads, lines of code, subroutir'xes.,‘
separate software applications, user- -readable (source)
code, machine-readable (object) code,‘ two or more. lines of
code in two or more corresponding software appllcatlons,
databases, or other suitable software architectures. In
one exemplary embodiment, a software system can include one
or more 1lines of code in a general purpose ‘softwadre
application, such as an operating system, and one or more
lines of code in a specific purpose software application.
[{0003] Location-based construct::l.on planning system 102
uses CPM external 1og:.c to define the logic or’ connections
between different activities within locations where’
suitable to form location-based tasks.. . Location-based
tasks are collections of CPM-based activities that can be
performed continuously by shifting start -dates - of
activities so that. finish date of precedlng activity 1ns:|.de
the task is .always equal to start date of - the succeeding
act1v1ty associated with the task. - In thls manner, these
location-based tasks allow schedule creation to - be
automated Changing a property of ‘a task can be used to
affect all activities associated with the task. - Unlike
construction planning techniques that only use CPM logic,
location-based planning also considers a task element's
internal logic by allowing a planner to plan the location

sequence and production rate to achieve continuous

production. Thus, CPM logic can be applied within
locations, and location-based flow logic can be applied
between 1locations. A location-based task can contain one

or more CPM activities; each of which can correspond with a

" physical location.



WO 2007/109030 PCT/US2007/006353

[0004] Activities correspond with single locations of a
location-based task. Location-based tasks are collections
of CPM activities and they can be continuously performed.
Aqtivities of a location-based tas}cs are generated by
associating construction quantities with thé' task. A
location activity is generated for each location where the
quantities are positive. A location—baéed task can be
continuoﬁsly pérformed if the finish date of preceding CPM
location activity is equal to the start date of succeeding
CPM location activity, for all pairs of locations in the
sequence of implementat:viori. | ‘

[0005] . In one exemplary embodiment, a task can contain
work which can be done by a single crew, or split among
multiple crews. . Loqatién—based " construction planning
system 102 identifies locations in a project using ‘a
location . breakdown structure  which has many properties in-
common with the more familiar work breakdown ‘structure.

Lécatiqns should be hierarchical so that a higher level

location logically includes .all lower level locatiomns. 1In
special ~ projects, this correlation might not be:
straightforward. However, some general guidelines can be

used that apply to commercial construction and that do not
apply to special cases, such as linear infrastructure
projects. These include that the highest level location
hierarchies should consist of locations where it is
possible to build the structure independently ‘of other
sections, for example, individual buildings or parts of
large buildings. Likewise, the middle 1level should be
defined so that a flow can be planned across middle level
locations. For example, riser floors in a residential

construction proiect where a floor is wusually finished

8
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before moving to the next floor. F'inally, the lowest level
location should generally be small, such- that only one
trade .can effectively work in the area, f_or exé.mple,
apartments, individual retéil spaces, .and'. corridors. The
lowest level location should be able to be accurately
monitored, for example, the foreman must be able to agsess
whether or not the work is completed in that location.

[0006] Using this hierarchy, exemplary first layer
locations system 104, second layer locations system 106,
and third layer locations system 108 are provided with
location-based cons'truct'iqﬁ planning system 102.
Additiénal .layer" locations systems can also be provided
where suitable. First layer locations systém 104 génerates
one or more first locations where construction activities
can be performed in parallel. Likewise, sécond' layer -
locations system 106 generates. one or more .second - layer y
locations where construction activities.can be performed in
pai:allel' for one or more of the first locations. Second
l.ayer locations system 106 corresponds to a middle l_ével as
defined above. Likewise, t:hi...rd layer locations system 108
generates . third layer . locations’ where construction
ac‘tivitieé, can be performed in parallel for one or mére of
the second layer locations. Third layer locations system
108 corresponds to the lowest level locations, as describéd
above.

[0007] First layer locations systeﬁs 104, second layer
locations system 106, third layer locations system 108, and
any other  suitable locations systems define the
hierarchical - relationship between the locations and
interact with the .remaining systems of a location-based

construction planning system 102 so as to allow - CPM

9
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external logic to define the logic or connection between

different tasks within locations, and also to consider a

task's ‘own internal logic by allowing the planner to plan

the location sequence- and production rate to achieve

continuous production. .

[o008] Production risk system 110 models' construction.

project risk by the use of dlstrlbutlons and simulation.

Scheduled tasks can have the following exemplary

distributions: '

e crew gpecific start distribution

e resource spec1f1c productlon rate dlstrlbutlon

. prerequn.slte distributions (e.g. design, procurement)

e weather risks (for weatlier prone tasks)

o crews specific  comeback .delay if  there are
discontinuities B |

° location risk (modeling r.'i.s}'cs_' rel:ated “t,o particular
locations) ‘ ' '

{00091 Production risk system 100 can perform simulation

procedures including sempling the distribution, such as

simnlat:i.‘ng weather, simulating targeted start date for ‘one

or more crew, simulating one or more production

prerequisites, simulating the production rate for one or

more resource, and simulating location risks for one or

more location. Next, the schedule can be built based on

these simulated vwvalues. The locations can be sorted so

that all predecessor locations are calculated before

successor locations. The sort can be adjusted so that ail

locations of a task are proceesed before locations of any

other task. The start date of the location. can have a'

maximum such as a first crew start date, prerequisites, and

10
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dependencies. A duration of the location can also be
provided, such as the quantity of man hours in. the looation.
divided by the sum of production rate factors of resources
oalculated daily depending on whether | crews aré availgble
plus allocation risk factor. Finally, the finish date of
the location can be determined using the maximum of the
start date plus the duration plus weather deiays and
dependencies. '
[0010] If a stimulated start date.of an X location is
greater than the finished date of the last location, then
accommodations must be made for resources to either wait
for the finished or leave the site and return. 'va‘
resources leave the site, comeback delay distribution is
- sampled for each crew and the resulting value is added to
the start date. ' Finally, the results are recorded. The
production system cost for labor and waste can ‘.be
calculated, in addition to the - overhead cost  and
. interferénce (&efined as all points 'Whero stimulated start
date of the next location of the same task are greaﬁer than
the finighed date of the last location of the same ‘task) ..
The results can be simulated then over multiple stimulation
roupds using the vaf_iables that are identified for weather,
targeted start date for crews, ,simglatefd production
perquisites for prerequisite, simulated production ratos
for resources, simulated location risks for locations, and
other suitable variables. '
[0011] In this manner, the production risk for a project
can be determined using objective data. Thus, the
potential for a project to be finished early, late, for

costs to be increased, or for other complications can be

11
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objectively modeled and analyzed prior to initiation of the
projects. ' |
[0012] ° Construction quantity location system 112
provides location-based quantities for construction
activities as well as iocation—baséd relatiénships for
construction activities. Quantities are an - important
aspect of the logic of location-based séheduling and in
particular - the internal logic of a task. The bill of
quantities (measures) of a task defines explicitly all work
that must be completed befbre a location is finished and
the crew may continue to .the next location. For example, a
tiling task can inéludé watéfproofing and floor . plastering
work to be done with the same crew. Thus, a task’s bill of
quantities (BOQ) may include ~many items, even with
different units, gathered into a single task . where
quantities of each of the items may vary from location..to
location. ' .

[00131_ After the location breakdown structure'(LBS) is
constructed, the quantltles may be estlmated by location.
Actual plannlng begins with the progect's BOQ and the flrst
‘task of the planner is to lump related BOQ items 1nto
logical packages where the work can be done by same crew,
has the same dependency logic outside of the package, and
can be completely finished.in one location before moving to
the next 1location. It is also necessary to ensure
quantities are available for all remaining tasks. This
approach ensures that nothing of relevance is left out of
the schedule and enables very powerful ways of both project
control and handling change orders and claims.

[0014] The creation of BOQ can be demonstrated in the

followina example. First, the LBS of the structure is

12



WO 2007/109030 PCT/US2007/006353

defined. 1In this example project, there are two buildings

with four floors and a roof on each buildihg'.

Project:  Project

Section:  Building A Building B _
Code ltem  Floor: | 2 3 4 Roof | 2 3 4 Roof Unit
[0015] The LBS should be decided in advance, before the

quantity surveyor measures, . and the @planner should

participate in this stage.

Project: Project
Section: Building A
Floor: : T
Code item . . Consumption man hourafunit
456100 Erect plasterboard walla betweon apartments 065 . 1
456226 Mount 12mm spadal gyproc paneling on plasterboard wall 0.16 88
- 466218 Mount 13mm gypros paneling on plasterboard wall 0.16 8.6
4568146 Mourt 79mm pansling on dwslling room wall adjacent to sauna 0.46 8.6
456136 Mourt 92mm paneling on washroomwall . 0.48 10.7
456128 Mount T9mm paneling on washroom wall adjacant to aauna 046 8.4
456116 Mount 92mm pansling on dwelling room wal 046 . 574
: : Building B
2 3 4 Roof 1 2 3 4 Roof °
. . Unit
> . . . M2
26 26 26 .o 354 354 35.4 M2
26 26 2% 25,5 30 30 30 ) M2
26 26 26 25.8 30 30 30 M2
228 228 225 - 141 196 19.6 19.8 ' M2
9.5 9.5 95 3.1 8.2 6.2 6.2 M2
1186 1186 1186 ° 109.8 134.3 1343 . 134.3 M2
[00161] For an individual task, the BOQ may look like the
preceding table. The plasterboard wall task includes

different kinds of walls that can be done with the same
plasterboard crew: There "are quantities in all locations
except the roof. The quantities are generally larger in
building two than in building one and the smallest
quantities dre in the first floor.

[0017] Construction quantity location system 112 uses
the quahtit:ies to generate CPM location activities of a

location-based task. A location activity is generated for

13
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each locition where the gquantities are positive. In the
above examplé, location-based task “Plasterboard walls”
would have locations Building A: floors 1, 2, 3 and 4 and
Building B floors 1,2,3, 4. It may mot have a location
activity on the roof because all quantltles on the roof are
zero. The consumption column and the: calcqlatlons are
described below. |

[0018] Consﬁruction quantity location system 112
caiculates the duration of each location activity’ by
considering quantlty of the locatlon, labor consumption
associated with the quantity and resources of the location-
based task. Total man-hours needed to complete a location
is equal to resource consumptionvtimes quantity summed over
all quantity items in the location. Duration  (in hours) in -
a location .is the total man-hours in the location divided
by amount of workers. This duration can be changed to Be

days by dividing by workday length.

1iau{ 2 ]
Jul ' ) 5 Ot |
80191 132 18 138, ) _J57 138 |29 140
Roof
; y
4 . 1 )/
m%hg a J/,/’
2 ) ,//,
1 //f/'
Roct i
4 ///’
sulik 2
2 i
1 &
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[0019] The quantities result in‘ the .flow 1line in the
above figure, where it is visible that there is no work .
being done on the roofs of éith;ar building because
quantities in these locations are zero. .It also takes a
noticeably shorter time to finish the first floor and the
slope becomes gentler in the ‘'second building because of the
larger quantities. '

[0020] A location-based BOQ strengthens the - planning
process when using 1ocation—baéed 'planning. If the
quantities change or there is a variation (such as a change
order), the schedule can be updated - by changing the
duantity. Durations and lacation activities can then.be'

updated automatically.
- [0021] * Because resourcés and productivities -are

propert:.es of location- -based tasks,. changing productivity

or resources of a location- -based task automatlcally updateS‘
all the location activities. _ ' ’

[0022] - The ' external logic of: 'locétiqn4based' -tasks
controls the links between activities or tasks _. within
locations. In 1ocat:ior.y—ba'sed. logic, it is assumed that in |
each location the logic between séparate tasks is similar.
This simplifies the compléxit:y as it is only necessary to
create a link between two location-based tasks, which is
then copied to each individual CPM location activity in a
location. Thus, it is poss'ible to consider a generic logic
network defining a relationship between activities in any
location. A logical connection created between two tasks
is therefore automatically created and replicated for each
location, regardless. of relationships existing . between
locations. This is the primary logic layer and 1is
ecuivalent to traditional CPM logic. CPM calculations 'can

15
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be used but the logic network is automati_call'y generated

based on the location-based tasks.

[Buidng | Flor |39 20 4 l42"
Ih TFr Mo [Tu [We [Th JFr_[Mo [Tu |[We [Th [Pr [Mo {Tu |Wa [Th

: /

tolact stert
N

S - - /(
. &’g 1|7

[0023] The exemplary figure above represents two tasks

which - cccur on ‘every floor of "two buildings. There is a
layer 1 finish start link between'the activities, such that
task 1 must be finished on any floor before task 2 can
commence on the same floor. '

{0024] = Construction activity ~association system 114
provides for internal dependency logic. between locations
within tasks. These dependencies are used to achieve Ehe
flow of resources in uninterrupted work. This is. the
internal 'logic within the task but between location
activities. Unless deliberate decisions are made to the
contrary, using multiple work crews, it may be assumed that
work flows between locations sequentially with finish-to-
start links. Thus, even though external CPM logic may

allow work to commence early, the work canmnot proceed until’

16
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the resources are released according to the internal task
logic. '

[0025] Internal logic of a lbcation-based task. means
that each task can have an internal lécation sequence that
describes the sequénce in which the locations will be
completed for that task. The sequence for each task is
independent of other tasks or any sequence for the'project.
This planning decision can ' be made when scheduling
prqjects. . .

[(0026] Internal logid enables sequential work, however,
external logic can cause interruptioh in the flow work if
the succeeding task is quicker than the preceding task.:
There are three sgpecial éases: slower . continuous work,

faster discontinuous work, and faster continuous work.

~TowelZ | Leveld [2005 :
Sa Mov .
EKN 1 10 1,
3
B 2
1
3
A 2
1
[0027] Where the succeeding task is slower than its

predecessor, the task starts as early as possible and
gradually geﬁs further behind the preceding task <(task 1 -

slower task in the above £figure). Likewise, where the

17
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succeeding task is faster than its predecessor but is to
remain continuous the task start date is delayed until the
work may complete as early as possible and will remain
continuous (task 2 - faster continuous in the above
figure). Finally where the succeediﬁg task is faster than
its predecessor and is allowed to be discontinuous, the -
tasks start as early as possible in each location (task 3 -
faster discontinuous in the above figure). This is the way
most site managers react with faster tasks, but may be less
efficient. . '

[0028] .The third layer of internal 'logic provides
standard CPM 1links to. other locations for . the. same ‘task
while the first layer provides. the links to other- tasks
within the same location. The CPM calculations can be used

" directly in the forwérgl 'pass if everything starts as soon’

as possible, which is a requirement ;of CPM.. ' However,..third... .

layer internal logic allows for faster work to be forced to
be cén!:inuous, as the alternative will, in most céses,‘ cost
more money and cause disturbance -on a site due to
discontinuous work. Continuity of loéation-based tasks
‘means tijxat all its location activities are performed in
sequence without breaks in between '(i..e. finish date of
precedipg location = start date of succeeding location) . In
order to accomplish this f.or selected tasks the start date
of latter locations will be used to pull the start dat:es of

earlier locations so that continuity can be achieved.

18
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[0029] For example; a projegﬁ with five floors and'four

tasks with finish to start 1links between tasks in each .
lécation is shown. in the above figure. Task 3 is faster
than task 2 in éach'locétiéﬁ'so.tﬁere is a break of. flow of
one day on each- floor. Task 5 is fastér than task 4 and
its flow is broken: for four days on.each floor.. This means
'the_wquers of tasks 3 .and 5 will have to slow down or they’
will run out of work (anq probably leave ‘the site). Note

the in time of CPM solution (Friday week 45). -

[0030] Flow-oriented planning allows tasks to be
continuous, even where it delays the start dates of overly
fast tasks. Third layer'location—based scheduling 1logic

allows the user to choose the task which would be done

continuously and the tasks where the flow can be broken.
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The fiéure ‘above shows_the same example where all the tasks
have been forced to be continuous so that start dates of
faster activities have been pulled, to a later time. ' The
end time has jumped - one week to the: Friday of weék 46.
However this schedule has less risk and saves costs due to
the continuity of production. There 'is still room for
improvément because it would be poss‘ibl'e to save time by
‘adding resources to pottleneck tasks or removing them from -
overly fast tasks.

[0031] Construction schedule system 116 interfaces with
first layer locations system 104,'. second layer locations
gsystem 106, thi-rd layer locations system 108, production
risk system. 110, construction quantity location syst’ém 112,
and construci:ion activity association system 114, as well
as potentially with locatipn-based procurement system 118
to generate the construction schedule. In one exemplary
embodiment, construction schedule system 116 can generate'

construction schedules based on variable parameters that
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are modified so as to determine the effect of having crewg;
wait on site, having crews leave, to accommodate for risks.
caused by weather or delay, or to otherwige geherate
comparative construction schedules to determine optimal
construction scheduling. In this manner, construction
schedules that accommodate location-based variables  can be
readily generated for coméarison and determination of
optimal construction scheduling: .

[0032] Location-based procurement system 118 includes
procurement tasks that are composed of quantity items
(rgsou_rces and/qr met'hods)l.' The same gquantities ‘are used
és for schedule ‘tasks ‘and caﬁ provide a connection between
schedule tasks and pr,ocuren{ent tasks. A procuremenf: task
can 'be work or material that is procured from the same
supplier as one delivery contract or subcontract .

[0033] ‘Procurement task propert‘ies can inciude
qtiantities, suppliers, " floor person-, and prot:urerﬁént
events, .such as things that have to be dor;é' first before
delivery, or an event that has a name and delay before the
succeeding event. The ‘last event is usually delivery for a
‘procuremen't- task. '

[0034] 'Proc'urement.: task calculations -can be ‘performed
for work and material need times for each quantity item.

Bach quantity item can belong to one schedule task and one

procurement task. The need time can be taken from the
scheduled start date of the scheduled task of that quantity
for each 1location. Scheduled tasks 1linked to the

procurement task can have as one of their properties ‘a
hierarchy level of delivery, such as by creating a delivery
that contains all of the quantities needed by a single or
multiple locations of a schedule .task. The hierarchy level

21



WO 2007/109030 PCT/US2007/006353

of deliveries can be greater than the hierarchy level of
quantities. For example, deliveries may be planned using
first level locations even if quantities have been
estimated for second level locationms. .The suggested
delivery date can be the minimum need time of included
quantities, including = delivery delay.. If multiple
deliveries would happen on the same day, they can also be
lumped together as the same delivery. Procurement event
need times can be calculated for each event. If the need
time precedes the event, the procurement time will be an
event lag.. If the event doesn’t have a preceding event,

first suggested delivery is used as a éreceding event. The
target cost is the total cost of quantities included.

[0035] System ..100 .can provide for locatibn-based
construction planning that allows location of tasks to.be
jnciuded in construction - scheduling. Location-based
constrqciion planning system 102 allows tasks to be
cobrdinated based on.task dependencies, task location of
dependencies and other variables that can affect the
ability to schedule a construction projéctl .

{0036]  FIGURE 2 is a diagram of a ‘system 200 for
construction activity location coordination in accordance
with an exemplary embodiment of the present invention.

System 200 includes constrﬁction qﬁantity location sfstem
112 and external dépendency system 202, location accuracy
system 204, and internal dependency sthem'zos, internal-

external dependency system 208 and CPM override system 210,

each of which can be implemented in hardware, goftware, or

a -suitable combination of hardware and software, and which
can be one or more software systems qperating on a general

purpose processing platform.
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[0037] External dependency system 202 identifies 'the
external 1logic of location-based tasks and .controls the
links between location activities or tasks within
1ocations; In location-based logic it'is.assuméd that in
each location the logic between separate tasks is similar.
This greatly simplifies the complexity, as it is only
necessary to create a link between two location-based
tasks, which is then copied to each individual CPM activity
in a location. Thus it is possible to consider a generic
logic network defining thé relationships between activities
in any 1location. The logical connection created between
two tasks is therefore automatically creéted and replica'ted"
for each location, regardiess of relationships existing
. between locations. This is the primary logic layer and is
equivalent to traditional CPM  logic and the calculations
‘are the same as in CPM but . they are automaticaily
replicated for each location. o I
[0038] ' TIn one exemplary embodiment, external links to
other scheduled tasks can be standard critical'patﬁ method
links such as finish—sﬁart_links, gtart-start links, start-
finish 1links, and finish-finish links, that are copied to
each location. In.one exémplary embodiment, the location-
based - ‘links can start after the preceding task has
proceeded two floors before the succeeding task. 'In this
manner, external dependencieé such as may be imposed on a
location-based task cah be accounted for. '
[0039] Locatién accuracy system 204 provides external
higher 1level 1logical relationships between activities
driven by different levels of accuracy. In order to layer
CPM logic or task relationships at different levels of

. accuracv. each location-based task must be allocated an
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accuracy level that corresponds to a hierarchy level in the
location breakdown structure. The accuracy level means the
lowest level of a location that is relevant to the task.
For example, the natural accuracy level for structure would
bé floor or pour, depending on the ‘project, ioecause the
structure is raised sequentially by floor. The natural
accuracy level for finishes can be the individﬁal apartment
or even a room.
[0040] Just as tasks have a location-based accuracy
level,. similarly, each link between tasks has an accuracy
level. This link can be defined at ‘a suitable level of
aécuraéy which is thé same or rougher (higher) " as '-the
highest accuracy level of the two location-based tasks.
For example, as .shown below, if roof work and‘  concrete
' floor finishing work both have the floor level accuracy,
setting the accuracy level of_the link between the- tasks to -
building would mean that the roof must be finished in a
building before the concrete floor finishing work can start

in the same building.
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[{o041] Internal dépendency system 206 defines the

internal dependency.logid between locations. within . tasks. .
This logic léyer allows the achievement of flow of
resources and: &nintérrupted. work . This is the internal
logic within a task between locations.. '

[0042] Unless decisions to the contrary are made, using
mul;ipie work crews, it may be assumed that work flows
betweeni locations sequentially with finish to start links.
Thus, even though the extérnal CPM légic may -allow work to
commence early, the work cannot proceéd until the resources
are released éccordingAto the internal task logic.. It is
not that internal logic takes precedence, but rather .that
both must apply.

[0043] In addition, the task has an internal location
sequence that desqribes the sequence in which the locations.
will be completed for that task. The sequence for each

task is independent of other tasks or any perceived
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sequence for the project, and this is one of the important

planning decisions to be made when scheduling projects.
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[0044]. In one exemplary embodiment, a task 1s created

that is done only on fourth floor and the roof of buildings
A and B. In tﬁe figure shown above, thé predecessor to the
plasterboard task appears to flow thrptig'h thé plasterboard
task where there is no’ pla.stérboard ‘(on the zroof). 'The
plasterboard wall must be done after. the' task predecessor..
on each ' level where (and only where)- - both taéks exist.
This can be used to optimize the sequence of work.

[6045] It should also be noted ,tl;xat lags and buffers are
not an additional layer of logic, as they belong to all
dependency relationships, as they can be an important part
of the layered logic of the location-based system. Lags
are a well-known component of CPM logic and need little
expla;lation. Buffers, on- ‘the other ﬁand, are a novel
concept. A lag is the required fixed duration of a logical

connection between two activities or tasks. In contrast, a
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buffer is the absorbable allowance for disturbance between
adjacent tasks or locations and is a component of the.
logical connection between two tasks '

[0046] Buffers appear to be very smu.lar té the lags
except that they are there to protect the schedule and/or
intended to absorb minor variations in production. The
continuous flow of work needs to be protected. -Therefore
~each dependency link has an additional ‘attribute, 'a buffer.
A buffer functions technically exactll} the same way that a
lag of the dependency does, however it is used only when
calculatlng the forward and backward passes of the plan
schedule to establlsh the earliest start dates. It is also’
used to calculate the, flow of locations and location-based
- tasks. The .technical -lags are used instead when
forecasting future problems durlng the 1mp1ementat10n phase
or when doing risk analysis and analysis of the probab:.l:.ty
of 1nterference. The buffer may be: absorbed by delay

. without J.mpactlng on the overall project durat::Lon.

[0047] ~ sSystem 200 thus allows construction activity
location - scheduling to be performed by providing for
external dependencies, . location . accui:'acy, internal

dependencies, 1nterna1 to external dependenc:.es, and CPM
overrides. In this exemplary embodiment, system 200 allows
more effective construction project planning by providing
for a location-based planning to be used in conjunction
with CPM and other conventional construction plsnning
processes and externsl logic. In this manner, location
lags in the sequencing of externmal logic <can be
accommodated. Just as there can be a time lag between
activities and CPM, there can be a location ‘lag between

tasks and location-based planning.
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[0048] Internal-external dependency system 208
accommodates location lags in the sequencing of external
logic. ' For example, pouring horizontal concrete in a

structure interferes with the formwork of the floor above
and with the interior work often two floors below its
location due to back propping. It does not affect the same
floor, or a higher LBS level (the whole bulldlng) so this
cannot be modeled using accuracy levels. However thlS can
be modeled using just two location lag links. Formwork is
preceded by pouring horizoneal concrete with a lag of minus
one floor. Interior works are pfeceded by pouring
horizontal concrete with a iag of plus two flodrs.' A
negative location lag of one means that a lower location
~must be finished before starting the succeeding task on the
‘next floor. - A positive lag of two floors means.that two
higher 1locations must be finished before starting - the
succeedlng tasks on a floor. Location-based lags can work
only within a sub-hierarchy of the LBS (e.g. one building)
or in all its sub-hierarchies; to av01d examples such as
the floors of one building restrlctlng the finishes in the

next building.
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[0049]  The .above figure is an example of two buildings
of twenty and ten floors. There are four tasks on each

floor: formwork, reinforcemeﬂt, concrete and interior. work.
The links are normal location-based except that formwork is
preceded by concrete with the lag of minus one floor and
interior work by concrete with the lag of two floors. The
sequence of locations (internal logic) has been manipulated
' so that waiting times are minimized. The formwork crew can

work in the second building when it would have had to wait
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in the first building. Interior work 1 has been éplit into
two parts to optimize continuity and' duration. 0p£imizing
the internal location sequence of interior work tasks
results in six floors Eeing done first in'bui}ding A and
then switching to building B for eight floors, and then the
crew goes to building A to finish three more floors and
finally finish building B. The crew has a break of eight
weeks before 'coming back to finish building A. The
formwork crew can therefore work continuously by working in
two buildings. However reinforcement and concreting tasks
have waiting time because of their fastér prﬁduction rate.
[0050] CPM override system 210 allows standard CEM 1égic
links to be used between any task and any location. If
applied internally to the task, the logic supersedes the
" internal logic of the -task, for example, constraining
possible sequences. If created between two tasks and two
locations, .this 1link type can be used to account for
special ciréumstances such as one part of the LBS affecting
other parts of the LBS. This layer is needed to model, for
example, 1inks between structures and finishes in compléx~
‘location breakdown structures with the same  LBS' camp ﬁsed
for both structures and finishes (for éxample in a sports
stadium with different LBS branches for each of the

structure and funcpional spaces) .
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[0051] In the figure _shown above, task 2's . first

location 2-1 must follow task 1's loéatiqn 1-2 (a single
location layer five link). There is also a constant iayer.
one link between ‘the tasks such thét task 1 must succeed
task 2 on every floor. This exampie- illusﬁrates that
multiple 1layers of 1logic must be ablé to  be. active
simultaneously. 1In the special case illustrated above, the:
relationéhip between * the two tasks in fact becomes
circular. This works for. this example, however,_wéré task
1 to be slower than task 2, task 2 could not be made
continuous, in which  case location-based logiq takes
precedence and thus task 2 will become discontinuous, as
shown below. Any attempt to make task 2 continuous. would
relocate the layer five 1link in time with a cascading

affect.
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[0052] In addition to the standard CPM operation of

~checking for circular logic between location activities,
circular logic needs to be ~checked for locationebasea
tasks. Location-based tasks can have circular logic that
does - ‘mot result in circular . logic between ' location
activities. This can easily habpen with a combination of
layer five logic and other iogical layer -links. ' Therefore,
-ordinary 'CPM calculations would not be effegtive, but
updating start dates to achieve continuity would cause the
problem of updating the other task again, thus breaking
continuity. In this case, start,dates can be shifted by
the continuity heuristic only to the point where the shift
does not affect the previous task. .
[0053] FIGURE 3 is a diagram of a construction activity
association system 114 in accordance with an exemplary
embodiment in the present invention. Construction activity
association system 114 includes location-based quantity~

system 302, location-based schedule tasks system 304,
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location-based® subtask system 306, and task/sub-task
duration gystem 308, each of which can be implemented. in,
hardware, software, or a suitablé combination of. hardware
and software, in which can be run on xﬁore software syst;.ems
operating a general imrpose processing platform. |
[0054] System 300 can be implemented using the following
set of assumptions for the data processed by system'Boo:
e All the work included in a task will be undertaken by
a common resource ' (which is a property of a location-
based task). '
¢ The common reséurces apply the same -pr':odu'ction or
productivitir ‘factors for all the items in the task
(which is a slmpllflcatlon from real 1life, where a
worker's product1v1ty factor can vary from 1.0 when
the worker is performing a task to 0.0 when the worker
is: cleaning, hauling refuse, or performing’ other non-
value adding activities). ‘ '
. The resource production factors are 1ndependent of the
item or item quantity. _
L Thei:e is an optimai crew cbmposi;ion for the task.
¢ The resources do all the locatibns includefdx in the
task  in sequence (ov'erlap;')ing‘ requires task
splitting). ’ '
¢ The resources completeiy finish a 1location before
moving to the next location.
[0055] These assumptions require a different methodology
of planning and controlling work in new kinds of contracts
to support project control. These issues are applicable to

the various systems in system 300.
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[00561 Location-based quantity system 302 provides

Tocation-based quantities estimated for the location of. any
location and any location breakdown structure. These
include providing starting data for items by item name,

cohsumption rate in hours per unit, accuracy level,

quantity for each location on the accuracy level (note this
quantity can be zero which means that the work does not
exist in that location) and unit. In this - manner,

location-based quantity system 302 provides location-based:
quantities estimated for éach. of the 1locations in a
location breakdown structure. '

{0057] ° Location- -based schedule tasks system 304 prOV1des
location-based scheduled tasks by name, included quantlty-
items, accuracy level (deflned by the roughest accuracy
level of the included gquantity item), locations (defined by
the locatlons of the 1nc1uded quantlty 1tems), and one or
more subtasks that contaln the -location. - For. example,

locatlon based scheduled tasks system 304 can require a
de51gner to identify the location- -based schedule tasks and
to assign the ‘associated propertles for such tasks.’

[0058]  Location-based subtask system ' 306 identifies
subtasks with properties that include locations, a sequence
of locations (logic layer three sequence), an optlmal crew,

the number of optimal crews, - production factors of

resources in the optimal crew, location difficulty factors,

timing option (as soon as possible, as soon as possible and
continuous, continuous and manual), targeted start date for

use when the task is not as soon as possible, shift length
in time units and holiday or days off, logic links to
predecessors with the following properties: the predecessor

task, the 1link type (finish-start, start-finish, start-
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start, finish-finish), the lag (in shifts or time units),
the buffer (in shifts), the location accuracy of the link:
a layer one link if fine (low) as the rougher of the two
tasks accuracies: a layer two link if rougher (hlgher), or
if 1layer five link, specify that the 1link is between
individual locations; for layer four link, the location lag
if not equal to zero, and for layer four links does the
link apply only in the same branch of the location
preakdown structure.
[0059] ~Task/sub-task duration system 308 determines the
duration for a task or sub-task for use in,location-based
scheduling. The duration of shifts in each location may be’
calculated based on quantities and crews selected using the‘
following exemplary steps. First, the quantity of man-
hours needed to complete the task or sub-task at: the
locatioﬁ is calculated. Next, the result is divided by the
sum of the productioni factors of the selected resources to
obtain the duration for the task in hours. The duration of
the task is divided by the shift length to get the duration
in shlfts for the task, which can then be adjusted based on'
a difficulty factor. It should be noted that the duration
of a CPM éctivity may be manipulated by changing properties
of a location-based task, such as  quantities,
productivities, or durations. |
[0060] The CPM model may therefore be calculatéd ‘from
the location-based heuristics by performing the following
stepa: '

. Calculaﬁe the durations of each location of each taék

based on quantities, resources and productivities -

¢ Create the activity network from location-based links
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Layer 1 links: ‘create a link of the same typé
between the locations shared by both tasks.
Layer 2 links: the link will affect either the

first or last location within the sequence of

]

1ocations.at the tasks own accuracy level because
the ‘task will always have a more- accurate.
1ocation breakdown than the accufacy level of the'
1ink,

« F-S: create a F-S 1link between the last
location of the predecessor within the
link’s 1level .of accurécy and the first
1oéatioh of the successor within the link’s
level of accuracy. . _

= 8-8S: create a 8-S link between the first
location of the. prédeéessor within the
link’s 1level of accuracy and the first
location of'fhe successor within the link's
level of accuracy.

" S-F: ‘creété a S-F 1link between the first
location of the predecessor within _thé~
link’s level of accﬁracy and the iast
location of the successor within the lirk’s
level of accuracy.

* P-F: create a F-F link between the last
location of the predecessor within the
link’s 1level of accuracy and the last
location of the successor within the link'’'s
level of accuracy.

Layer 3 1links: create a F-S 1link between the
location of the same sub-~task in the location
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o Layer 4 links: create a link of the same .type
' between locations shared by both tasks, offset by
as many locations as iridicgted by the location
lag. When calculating the offset, the
predecessor’s location sequence is used. If "t':he
link applies only in the same section of the LBS,
disregard any links Dbetween locations of'
different LBS sections.
o Layer ‘5 1links are already between single
locations so no further action needs to be taken.
®» Calculate the forward pass of the schedule
o Sdrt location'-based tasks to precedence order so -
that all locations of the predecessors of‘ a'
location-based task (in any location) are before
any location of the.task, unless layer 4 or 5
logic creates circular location-based logic.
[0061] In the case of circular location-based logic, the
_locations are sorted so . that the" 1a'\vyer. 1, 2 or 4
predecessor’s locations are added first to the sort, until’
the first 1ocation.that'depends on a successor task’s start |
date. Then the successor start dates are calculated until
the predecessor’s uncalculated start dates are needed to
calculate a location’s start date. '
[6062] For each task (or task part) in the sorted order,
calculate earliest start using normal CPM calculations both
using layer 3 links and disregarding' layer 3 links. = If
desired, do sequence optimization by changing the sequence
so that locations are done in sequence of ascending
earliest start order (disregarding layer 3 links).
[0063] Adjust the start dates of locations based on the

selected timing option to force continuity. Record start
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and finish dates for each task and location activity, ana
calculate the backward pass of the schedule. Use normal
CPM calculations except for the following:

e Total float uses the buffer lag instead of the technical

-lag. '
e Free float disregards layer 3 links.
e Record total float, .free float and criticality for each
task and location activity. .

[0064] FIGURE 4 is a flow chart of a method 400 'for'
automating schedule creation in accordance with an,
exemplary embodiment .of the presehé invention. . The
creation of location-based task can be automated by
defining the quantity items that are usually produced
together in a standard profject.  This can be practicaily
implemented by using the quantity item code in the 'bill of
quantities as an identifier and iumping the quantities
together in the same vJay as iﬂ a standardized. templaf:e
projecf._ For the duration calculation,  the same crews as
used in the template projéct' can be adopted. The resulting .
schedule. may be created using the 'following. method. . '
[00651 At 402, a quantity item is retrieved from a
quantity item repository or database. The method then
proceeds to 404 where it is detefniined whether the quantity
item code matches the template quéntity item code. It is
determined that the quantity item code does match, the
method proceeds to 406 where it is determined whether a
quantity item task is in the template. If it is determined
that a gquantity item task is not‘ in the template the method
pi:oceéds to 408 wherein a new task is created. The method’
then proceeds.to 410. Likewise, if it is determined that a
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quantity item task is in the template at 406 the method

proceeds directly to 410.
[0066] At 410 the item is assigned to the task in a

template. For example, each task should have a
corresponding task in the .template. If one has not been
created, it is created at set 408. The method then

proceeds to 414.
[0067] Likewise, if it is determined in 404 that the

item code does not match an item code and template the
method proceeds to 412 and the item is left. in the
schedule. The method then proceeds to 414. ' ‘
[0068] Method' 414 “is determined whether there are’
addltlonal items for process:.ng Additional items remain
- in the database or are otherwise required for processxng
the method returns to 402. Otherwise, the method.proceeds
to a16.° . . '

[0069] At 416; all scheduled tasks are processed. The
optimal .crew from a template and the same production
factors are assigned to each task. ° Then the method_
proceeds to 418. '

{0070} At 418, precedence links that are found in the
template of both tasks that exist in the current project
are processed. For example, layer 1 tasks are assn.gned the
template link if both tasks are in the project. After all
tasks have been processed, ‘the method proceeds to 420.

[0071] At 420, all layer 2 template links are assigned
if the hierarchy for the tasks matches the hierarchy level
in the template. For example; each template task may have.
a predetermined hierarchy level. For each task, it is

determined whether similar hierarchy levels exist. If
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similar hierarchy levels exist then the’ template links are
assigned between tasks. The method then proceeds to 422.
[0072] . Note that for layer 3 links, there is mno need to
copy any layer 3 links from a template because these links
are internal to the task. Thus, at 422 the layer 4 links
are copied from the template for each task, and can include
linking of tasks based on duration to ensure continuity.
Linking can include the shifting of start dates to provide
continuity if the jnitial calculations result in a
discontinuous schédule, as well as manipulation of the
duration of all CPM activities with a. 1oca‘t;ion-—based task
by. changing the p::opert'ies of the location-based task, such
as quantities, productivities or durations. The method .
then proceeds to 424. . .

- [0073] At 424, layer 5 links are assigned based on
projects specific loca‘tion base structure. For example,
although automation of schedule creatiéﬁ'has largely been
accompllshed through method 400, any projects specific
tasks for layer 5 'links must be ass:Lgned manually 'I"he

method then terminates.

[0074] In operation, method 400 allows for automation of
a location-based plan system. There are only minor
differences between projects of. the same general type'
(residential, retail, etc.) that mainly aipply to the
location breakdown structure and the quantities of work in
each location. Otherwise, optimum crews, productivities,
and precedence relationships are often remarkably similar.
Therefore, it is possible to automate the work that is
involved in the scheduling of. a project, .to create rapid
initial drafts of a schedﬁ;e project based on standardized

packages of tasks, crews and precedénce relationships that

40



WO 2007/109030 PCT/US2007/006353

may be combined with a project specific location breakdown
structure, quantities, and productivities.

[(0075] In this manner, every p;oject does not have to be
created as an individual and different.project and uniquely
scheduled. Scheduling of most projects can be processe& in
a similar manner, such that information from past projects
can be reused by entry of such information in- two
templates. ' ' _
[0076] Although exemplary embodiments of a system and
method of the present invention have been described in detail
herein, those skilled in fhe art will also. recognize that
various substitutions and modifications can be made to the
systems and methods without departing from the scope and

spirit of the appended claims.
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What is claimed is:

1. An apparatus for location-based management of
construction comprlslng '

a first layer locatlons system generating one or more
first ~locations where construction act1v1t;es can be
performed in parallel-

a second layer locations system generatlng one or more
second layer locations where comstruction activities can be
performed in parallel for one or ‘more of the £first
location; and _ A ‘

a third layer locations system generating third layer
locations where construction activities can be performed in
parallel for one or more of the second layer locations;

a construction activity location system associating
each of a plurality of construction activities with one of
the flrst locations, the second locations, or ‘phe third
locatlons,

a construction activity.association‘system associating
one or more of the plurality of construction activities:
'with-dne or more of the other comnstruction activities; aﬂd

a construction sequence system geherating a sequence
of construction activities based on the layer associated
with each construction task and based on the other
construction activities associated with that construction

activity.
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2. The system ‘of claim 1 wherein
sequence system generates the sequence
déetermining whether one or more .of
activities must be started before

construction activities can be started.

3. The. system of claim 1 wherein
sequence’ system 'generates the sequence
determining whether . one or more of
activities must be. étarted before

construction activities can be finished.

4. The system of claim 1 wherein-
sequence system generates the sequence
determining whether - one oOr more of
activities must "be .finished before

construction activities can be started. -

5. The system of claim 1 wherein‘
sequence system generates the sequence
determining whether one or more .of
activities must be finished before

construction activities can be finished.

6. The system of claim 1 wherein

PCT/US2007/006353

the construction
of activities . by.
the construction

another of the

the construction
of activities by
the construction

another of the

the construction
of activities by
the construction

another - of the

the construction
of activities by '
the construction

anot'j.her' of the

the construction

sequence system generates the sequence of activities such

that one or more construction task associated with the

third layer can be continuously performed.
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7. The system of claim 1 wherein the construction
sequence system generates the sequence of activities such
that one or more construction task ‘associated with the

second layer can be continuously performed.

8. The system of claim 1 wherein the construction
sequence system generates the sequence of act:.v:Lt:Les such’
that one or more construction task associated with the
third layer can be continuously performed starting after
the completion of' one oOr more of the construct::.on.

activities associated with the second layer.

9. The system of claim 1 further ¢omprising a task

duration system adjustlng durations of all critical path

method activities assoc1at:ed with. a location-based task by. -

'changlng one. or more properties of the locata.on ~based task
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10. A method for location-based management-. Qf.

construction comprising:

generating first layex locaﬁiong where constiruction
activities can be performed in paréllel{

for each first layer location, generating second layer
locations where construction activities can be performed in
parallel; and '

for each second layer location, generating third layer

locations where construction activities can be performed in

parallel; .
for each of a plurality of construction -activities,

associating that construction activity with one of the -

first layer, the second layer, or the third layer;
for each of the plurality of construction activities,

associating that .. construction activity with ‘one of a
 plurality of location-based tasks; and _ .. S

sequencing the location-based tasks.

11. The method of claim 10 where associatiﬁg each
construction activity - with the =~ location-based - task
comprises determining whether each construction activity
must be started.before.another cqnstruction activity can be

gstarted.

12.. The method of claim 10 where associating each
construction activity with the location-based task
comprises determining whether each construction activity
must be finished before another construction activity can

be started.
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13. The method of claim 10 where agsociating each
construction activity with the location-baged task
comprises détermining whether each construction activity

must be started before another construction activity can be

finished.

14. The method of claim 10 where associating each'.
construction activity with the location-based task
comprises determining whether each construction activity

must be finished before another construction activity can

be finished.

15. The method of ‘claim .10 whe;ein sequencing the
location-based tasks. comprises sequencing the location-
" based tasks such that one or more location-based task
associated with the third layer can be ' ' continuously

performed.

16. The method of claim 10 wherein sequencing the
1oéatiog~based tasks comprises sequencing the location-
‘based tasks such that one or more location-based task
associated with the first layer can be continuously

performed.

17. The method of claim 10 wherein sequencing the
location-based tasks comprises sequencing the location-
based tasks such that one or more location-based task
associated with the second layer can be continuously

performed.
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~18. The method of claim 10 wherein sequencing the
location-based tasks comprises sequencing: the location-
based tasks to be performed such t.hat‘ one or more location-
based task associated with the third layer can " be
continuously performed starting after the éompletion of one

or more of the location-based tasks agsociated with the

second layer.

19. The method .of claim 10 further comprising
adjusting. a duration of all critical path method activities
agsociated with a location-based task by changing one or

more properties of the location-based task.
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