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(57) ABSTRACT 

A computer-implemented land planning system is designed 
to generate at least one conceptual ?t solution to a user 
de?ned land development problem. The system electroni 
cally creates at least one candidate solution to the land devel 
opment problem. The candidate solution incorporates a 
number of engineering measurements applicable in develop 
ment of an undeveloped land site. A ?tness function quanti 
tatively evaluates the candidate solution based on its ?tness. A 
heuristic problem-solving strategy manipulates the engineer 
ing measurements of the candidate solution to achieve a more 
quantitatively ?t solution to the land development problem. A 
computer output device outputs to a user documentation illus 
trating the ?t solution to the land development problem. 
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COMPUTER-IMPLEMENTED LAND 
PLANNING SYSTEM AND METHOD 

DESIGNED TO GENERATE AT LEAST ONE 
CONCEPTUAL FIT SOLUTION TO A 

USER-DEFINED LAND DEVELOPMENT 
PROBLEM 

TECHNICAL FIELD AND BACKGROUND OF 
THE INVENTION 

[0001] This invention relates to a computer-implemented 
land planning system and method designed to generate at 
least one conceptual ?t solution to a user-de?ned land devel 
opment problem. The invention is equally applicable to the 
planning and development of single and multi-pad commer 
cial, mixed use, and residential land sites. 
[0002] The process used today by professional real estate 
developers, corporations, government entities and others to 
assess land for engineering feasibility, cost of developing, and 
investment purposes is time consuming, inaccurate, and 
expensive. Unfortunately, the current process is getting even 
more complex and expensive due to added bureaucratic com 
plications With land use Zoning, environmental protection 
requirements, extended permitting processes as Well as the 
availability and escalating cost of land in desirable areas. This 
problem affects a broad spectrum of land users including, for 
example, real estate developers (of?ce/industrial, commer 
cial, retail, residential), corporations Which oWn and use real 
estate (public/private), and government entities (Federal, 
State, County, City). 
[0003] For each of the above users, assessing the feasibility 
of a land site for development typically involves a land devel 
opment team including one or more architects, engineers, and 
land planners. Many of these team members are engaged to 
layout andplan the intendeduses on the site being considered. 
This initial planning process can take from 2 days to four 
Weeks, and usually results in a single schematic draWing With 
limited information (e.g., Will the site support the building 
footprints or building lots and the necessary streets and/or 
parking lots?). At this point, based largely on intuition and a 
“gut feeling” about the project, the developer Will choose to 
contract for additional planning and engineering to more 
accurately assess the feasibility of the plan and the budget. 
This process can take 2 Weeks to 16 Weeks and usually results 
in only one option that is based on the designer’s experience 
but is not optimiZed in any respect. This information is then 
used to estimate a more accurate budget. Often times value 
engineering is required to bring the design back Within the 
original budget. This process takes 2 Weeks to 6 Weeks. The 
?nal budget is not generally determined until the end of the 
planning process-some 3-4 mos after initial consideration of 
the land site. 

[0004] The above planning process often must occur before 
the property is purchased, and requires substantial investment 
in legal fees and earnest money to hold the property for an 
extended length of time. 
[0005] After this 4 Week to 28-week process (average 16 
Weeks) and considerable expense and risk of lost opportunity, 
the developer must assess the risk of purchasing and devel 
oping the property based on one unoptimiZed design option. 
Unfortunately, the process outlined above is complicated 
even further by miscommunication and disconnect betWeen 
the many groups involved, Which often results in bad designs, 
bad budgets, disagreements, and bad projects. 
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[0006] The present applicant recogniZed that the land 
development industry needs a major paradigm shift, Which is 
noW possible through advances in mathematical modeling 
and computing hardWare. One primary goal of the present 
invention is to ?x the problems outlined above through a 
virtual engineering system that can produce many optimiZed 
alternatives for land developmentiincluding the planning, 
engineering, and budgeting of each potential solution. This 
computing process is generally achieved in a maximum 
24-hour period. 
[0007] Heuristic Strategy 
[0008] The speed and effectiveness of the present invention 
is advanced using a heuristic mathematical approach, such as 
genetic algorithms. Concisely stated, a genetic algorithm (or 
“GA”) is a programming technique that mimics biological 
evolution as a problem-solving strategy. Given a speci?c 
problem to solve, the input to the GA is a set of potential 
solutions to that problem, encoded in some fashion, and a 
metric called a ?tness function that alloWs each candidate to 
be quantitatively evaluated. These candidates may be solu 
tions already knoWn to Work, With the aim of the GA being to 
improve them, but more often they are generated at random. 
[0009] From these initial candidate solutions, random 
changes are introduced through processes knoWn as mutation 
and crossover. The resulting digital offspring then go on to the 
next generation, forming a neW pool of candidate solutions, 
and are subjected to a second round of ?tness evaluation. 
Those candidate solutions Which Were Worsened, or made no 
better, by the changes to their code are again deleted; but 
again, purely by chance, the random variations introduced 
into the population may have improved some individuals, 
making them into better, more complete or more ef?cient 
solutions to the stated problem. Again these Winning indi 
viduals are selected and copied over into the next generation 
With random changes, and the process repeats. The expecta 
tion is that the average ?tness of the population Will increase 
each round, and so by repeating this process for hundreds or 
thousands of rounds, very good solutions to the problem can 
be discovered. 

SUMMARY OF INVENTION 

[0010] Therefore, it is an object of the invention to provide 
a computer-implemented land planning system and method 
designed to generate at least one conceptual ?t solution to a 
user-de?ned land development problem. 
[0011] It is another object of the invention to provide a 
computer-implemented land planning system Which utiliZes a 
heuristic problem solving-strategy, such as genetic algo 
rithms. According to the present genetic algorithm, the evo 
lution starts from a population of completely random indi 
viduals and happens in generations. In each generation, the 
?tness of the Whole population is evaluated, multiple indi 
viduals are stochastically selected from the current popula 
tion (based on their ?tness), modi?ed (mutated or recom 
bined) to form a neW population, Which becomes current in 
the next iteration of the algorithm. 

[0012] It is another object of the invention to provide a 
computer-implemented land planning system Which per 
forms land planning and engineering simultaneously. This 
invention considers all land development parameters (e.g., 
site speci?cations, user constraints, cost information) up front 
from both the land planner and the engineer perspective, and 
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then explores millions of options using heuristic algorithms 
to determine Which options are best as determined by cost and 
revenue. 

[0013] It is another object of the invention to provide a 
computer-implemented land planning system Which applies a 
heuristic problem-solving strategy to the current civil engi 
neering process to revolutionize residential and commercial 
land planning and development. 
[0014] It is another object of the invention to provide a 
computer-implemented land planning system Which shortens 
the time it takes to get a ?nal engineering draWing (85% 
complete or more), including cost information, from 3-4 
months to less than 24 hours in many cases. 
[0015] It is another object of the invention to provide a 
computer-implemented land planning system Which provides 
technology, accessible via the Web, Which Will enable a user 
to determine the most cost-effective Way to develop a land 
site. 
[0016] It is another object of the invention to provide a 
computer-implemented land planning system Which enables 
visualization of a land development problem and the ultimate 
solution. 
[0017] It is another object of the invention to provide a 
computer-implemented land planning system Which gives the 
land developer direct access to quali?ed information in 
roughly 24 hours (or less) versus many months. 
[0018] It is another object of the invention to provide a 
computer-implemented land planning system Which mini 
mizes the initial investment capital required for developing a 
land site. 
[0019] It is another object of the invention to provide a 
computer-implemented land planning system Which loWers 
engineering costs. 
[0020] It is another object of the invention to provide a 
computer-implemented land planning system Which mini 
mizing the risk associated With developing a land site. 
[0021] It is another object of the invention to provide a 
computer-implemented land planning system Which opti 
mizes engineering time. 
[0022] It is another object of the invention to provide a 
computer-implemented land planning system Which effec 
tively integrates the creative (aesthetics) and engineering 
sides of land planning and development to achieve a globally 
optimal solution. 
[0023] It is another object of the invention to provide a 
computer-implemented land planning system Which opti 
mizes around ?nancial measurements, such as cost and return 
on investment (R01). 
[0024] It is another object of the invention to provide a 
computer-implemented land planning system Which gener 
ates multiple “optimally different” solutions to a land devel 
opment problem, and Which presents the solutions in a 
“ .dWg” format that can be input and manipulated directly into 
an engineers’ existing CAD/ CAM system. 
[0025] It is another object of the invention to provide a 
computer-implemented land planning system Which is avail 
able for use on stand-alone PCs or netWorks. 

[0026] It is another object of the invention to provide a 
computer-implemented land planning system Which utilizes 
Digital Satellite Topography. 
[0027] It is another object of the invention to provide a 
computer-implemented land planning system Which utilizes a 
heuristic problem-solving strategy capable of manipulating 
many parameters simultaneously. 
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[0028] It is another object of the invention to provide a 
computer-implemented land planning system Which utilizes a 
heuristic problem-solving strategy Which searches beyond 
the local optima. 
[0029] It is another object of the invention to provide a 
computer-implemented land planning system Which utilizes a 
heuristic problem-solving strategy designed to ?nd the global 
optimum in a space With many local optima. 

[0030] It is another object of the invention to provide a 
computer-implemented land planning system Which utilizes a 
heuristic problem-solving strategy applicable in traf?c engi 
neering including signal optimization and highWay design. 
[0031] It is another object of the invention to provide a 
computer-implemented land planning system Which utilizes a 
heuristic problem-solving strategy applicable for optimizing 
the structural design of buildings and bridges. 
[0032] These and other objects of the present invention are 
achieved in the preferred embodiments disclosed beloW by 
providing a computer-implemented land planning system 
designed to generate at least one conceptual ?t solution to a 
user-de?ned land development problem. The system employs 
a computer readable medium and a computer program 
encoded on the medium. The computer program is operable, 
When executed on a computer, for electronically creating at 
least one candidate solution to the land development problem. 
The candidate solution incorporates a plurality of engineering 
measurements applicable in development of an undeveloped 
land site. A ?tness function quantitatively evaluates the can 
didate solution based on its ?tness. A heuristic problem 
solving strategy manipulates the engineering measurements 
of the candidate solution to achieve a more quantitatively ?t 
solution to the land development problem. An output means, 
such as a display monitor, printer, electronic communication, 
or the like, delivers to a user documentation illustrating the ?t 
solution to the land development problem. 
[0033] The term “planning” is de?ned broadly herein to 
refer to any conceptual development of a land site. The term 
“undeveloped land site” refers to a site Which may or may not 
have existing structure and/ or engineering infrastructure, and 
Which is not yet developed according to one of the conceptual 
?t solutions generated in the present system. The term “heu 
ristic” refers broadly to any problem-solving strategy that 
utilizes self-educating techniques (as the evaluation of feed 
back) to improve performance. The folloWing are examples 
of heuristic problem-solving strategies: evolutionary algo 
rithms, such as genetic algorithms, simulated annealing, neu 
ral netWorks, hill climbing, Ant Colony optimization, Particle 
SWarm optimization, and tabu search. 

[0034] According to another preferred embodiment, 
means, such as a digital terrain model, digitally represents the 
undeveloped land site in three-dimensional space. 

[0035] According to another preferred embodiment, a com 
puter program comprises instructions for conceptually locat 
ing the engineering measurements Within the three-dimen 
sional space. 

[0036] According to another preferred embodiment, the 
engineering measurements are selected from a group includ 
ing, but not limited to, storm Water system, sanitary seWer 
collection system, and potable Water system. 
[0037] According to another preferred embodiment, the 
output documentation comprises a least one computer-gen 
erated draWing. 
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[0038] According to another preferred embodiment, the 
output documentation further comprises an itemized cost list 
ing of the engineering measurements. 
[0039] According to another preferred embodiment, the 
documentation is delivered to the user via a global commu 
nications netWork. 
[0040] In another embodiment, the invention is a computer 
implemented land planning system designed to generate at 
least one conceptual ?t solution to a user-de?ned land devel 
opment problem. A processor accesses land development 
constraints for an undeveloped land site. The system further 
employs a computer readable medium and a computer pro 
gram encoded on the medium. The computer program is 
operable, When executed on a computer, for creating a popu 
lation of candidate solutions to the land development prob 
lem. Each candidate solution includes a plurality ofengineer 
ing measurements applicable in development of the 
undeveloped land site. The processor accesses a cost model 
including respective cost data for each of the engineering 
measurements. A computer program comprises instructions 
for discarding un?t solutions Which violate the land develop 
ment constraints. For each remaining solution, a ?tness func 
tion is employed for calculating a ?tness score based on the 
cost data for the engineering measurements. A heuristic prob 
lem-solving strategy manipulates the engineering measure 
ments of respective select candidate solutions to achieve 
increased ?tness scores, such that those candidate solutions 
achieving increased ?tness scores comprise respective ?t 
solutions. A computer program comprises instructions for 
selecting a set of optimally different alternative solutions 
from the plurality of ?t solutions. An output means, such as a 
display monitor, printer, electronic communication, or the 
like, is employed for delivering to a user documentation illus 
trating the optimally different alternative solutions to the land 
development problem. 
[0041] According to another preferred embodiment, the 
processor accesses user preferences for the undeveloped land 
site. 
[0042] According to another preferred embodiment, a com 
puter program comprises instructions for penaliZing the ?t 
ness score of a candidate solution based on violation of a user 

preference. 
[0043] In yet another embodiment, the invention is a com 
puter-implemented land planning method designed to gener 
ate at least one conceptual ?t solution to a user-de?ned land 
development problem. The method includes the steps of elec 
tronically creating at least one candidate solution to the land 
development problem. The candidate solution comprises a 
plurality of engineering measurements applicable in devel 
opment of an undeveloped land site. The candidate solution is 
evaluated quantitatively based on its overall ?tness. A heuris 
tic problem-solving strategy is then employed for manipulat 
ing the engineering measurements of the candidate solution 
to achieve a more quantitatively ?t solution to the land devel 
opment problem. After achieving a more ?t solution, docu 
mentation illustrating the ?t solution to the land development 
problem is output to the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Some of the objects of the invention have been set 
forth above. Other objects and advantages of the invention 
Will appear as the description proceeds When taken in con 
junction With the folloWing draWings, in Which: 
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[0045] FIG. 1 is a schematic overvieW of the present land 
planning system according to one preferred embodiment of 
the invention; 
[0046] FIG. 2 is a plan vieW of the land site shoWing raW 
survey data at various points; 
[0047] FIG. 3 is perspective vieW of the land site shoWing 
the Triangulated Irregular Network (TIN); 
[0048] FIGS. 4-10 are computer screen shots shoWing vari 
ous input ?elds used for building the cost model; 
[0049] FIG. 11 is a How diagram demonstrating basic 
operation of the genetic algorithm employed in the present 
system; and 
[0050] FIG. 12 is a computer-generated draWing of the 
developed land site according to one optimiZed ?t solution. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT AND BEST MODE 

[0051] Referring noW speci?cally to the draWings, a com 
puter-implemented land planning system according to the 
present invention is represented broadly in the schematic 
diagram of FIG. 1. The system employs a heuristic math 
ematical strategy to generate a set of globally-optimiZed solu 
tions to a complex land development problem. In one embodi 
ment described beloW, the problem is expressed in terms of 
optimiZing land development based on costs and budget con 
straints. Alternatively, the system may focus on other eco 
nomic considerations such as return on investment (ROI). The 
example discussed herein relates to the planning and devel 
opment of a single pad commercial site. 
[0052] The present concept, hoWever, is equally applicable 
to the planning and development of multi-pad commercial, 
mixed use, and residential sites. 
[0053] I. System OvervieW 
[0054] In one embodiment, the present system 10 operates 
in an environment utiliZing a client device 11 in communica 
tion With a host server 12 over a computer netWork 14, such as 

the Internet. In other embodiments, other computer netWorks, 
for example, a Wide area netWork (WAN), local area netWork 
(LAN), or intranet, may be used. 
[0055] The host server 12 comprises a processor 15 and a 
computer readable medium 16, such as random access 
memory (RAM). The processor 15 is operable to execute 
certain heuristic problem-solving programs 17 stored in 
memory. Such processors may comprise a microprocessor, or 
any other processor. Such processors may also communicate 
With other computer-readable media that store computer pro 
gram instructions, such that When the stored instructions are 
executed by the processor, the processor performs the steps 
described herein. 
[0056] The problem-solving programs 17, discussed fur 
ther beloW, and utiliZe, as inputs, data from a data storage 
device 18. In one embodiment the data storage device 18 
comprises an electronic database. In other embodiments, the 
data storage device 18 may comprise an electronic ?le, disk, 
or other data storage device. The data storage device 18 may 
store engineering and cost modules, building codes and regu 
lations, user data, and a repository. The data storage device 18 
may also include other items useful to carry out the functions 
of the present system. 
[0057] In one example, the problem-solving programs 17 
comprise one or more genetic algorithms to “solve” a high 
level problem statement 19 de?ned by the user4e.g., opti 
miZing land development at a site based on cost. The system 
10 employs Digital Terrain Modeling to create a three-dimen 
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sional representation (DTM) of the land site. Certain cost 
measurements, discussed below, are then conceptually 
located Within the DTM. The genetic algorithm 17 is used to 
optimize the design of the site based on these cost measure 
ments. The genetic algorithm 17 evolves multiple ?t solutions 
to the land development problem 19. These ?t solutions are 
then interrogated and electronically ?ltered to achieve a small 
number of very different alternative solutions 21, 22, and 23. 
The resulting alternatives 21, 22, 23 are transferred over the 
computer netWork 14 to the client device 11. The user is then 
able to decide Which ?t solution 21, 22, 23 best satis?es his or 
her design goals. 
[0058] 
[0059] In the present example, each candidate solution is 
de?ned by ?ve cost measurements Which are scored individu 
ally for ?tness based on a predetermined quantitative scale. 
The score or “?tness index” for each measurement is then 
totaled to evaluate the overall ?tness of the given solution. 
The cost measurements comprise: the building pad, parking 
lot and access roads, storm Water collection system, sanitary 
seWer collection system, and potable Water system. Each 
measurement is conceptually located on the site and engi 
neered based on system parameters and user-de?ned hard and 
soft constraints, discussed beloW. 
[0060] For locating the building pad, examples of factors 
in?uencing land development costs include initial site grad 
ing, demolition, clearing & grubbing, bulk excavation, ?ll 
placement (back?lling), retaining Walls, erosion control, and 
?nish grading. Site grading is generally the ?rst task under 
taken prior to construction, after Which installation of utili 
ties, paving, and building construction may begin. Unless the 
site is in an undeveloped state prior to construction, a co st Will 
be incurred for the demolition of existing structures. Clearing 
consists of felling trees and removing and disposing of brush 
from the disturbed area prior to construction. Grubbing is the 
removal and disposal of stumps and roots. In some cases, a 
cost Will also be included for topsoil stripping and stockpiling 
on site for later usage. 

[0061] Bulk excavation involves the removal of earth for 
the construction of site features, and has the effect of loWering 
the elevation of the ground surface. Suitable material 
removed from excavation on site may be used to form 
embankments, ?lls, sub-grades, shoulders, back?lls and site 
grading (i.e., to raise the grade). Cut and ?ll is preferably 
balanced on a given site. A cost may be incurred for trans 
porting ?ll material from an excavation area to the ?ll area. 

[0062] Retaining Walls are constructed to prevent erosion 
and/or structural instability of excessively steep embank 
ments. While there is a Wide variety of retaining Walls includ 
ing timer tie, stone Walls, reinforced masonry retaining Wall 
With poured concrete footings, and segmental retaining Wall 
systems, the type of Wall used is largely a function of its 
required height and engineer preferences. A given retaining 
Wall’s maximum design height is a function of the retaining 
Wall type and local soil and groundWater conditions. The 
present system Will determine the location, required height, 
and length of any retaining Walls on the site. 

[0063] Typical erosion control practices during construc 
tion include silt fences, stabiliZed construction entrances, 
temporary seeding and mulching, inlet protection, check 
dams, and temporary sediment basins. Appropriate erosion 
control Will be designed, and costs incurred, based upon the 
(x,y,Z) coordinates of the disturbed area. 

II. Cost Measurements 
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[0064] The system is designed to ?nish off all disturbed 
areas on the site to a uniformly smooth surface, free from 
abrupt or irregular surface changes. Included in this task is the 
redistribution of stockpiled topsoil as necessary in land 
scaped areas. Finished areas may later be landscaped or 
paved. 
[0065] For the second measurement of the candidate solu 
tion, locating and designing the parking lot and access road(s) 
is a major cost component and driving force in the overall 
design for any single pad commercial site. Parking lot design 
guidelines are Well established, and may be imported from 
existing databases. Parking lots are typically paved With 
asphalt comprising a base course of compacted stone (say 6" 
thick), and surface of asphalt (say 4" thick). The thickness of 
the various courses is a function of tra?ic loading and desired 
design life. Curb and gutter Will be provided throughout the 
perimeter of the parking lot and any median island. In addi 
tion, a landscaping cost (e. g., for seeding and sodding) Will be 
incurred for any area disturbed during construction that is not 
paved. 
[0066] The cost measurement for storm Water collection 
system includes providing storm Water structures (e.g., drop 
inlets) and piping and best management practices (BMP’s), if 
required. The primary costs associated With the drainage 
infrastructure are those associated With installing the pipe and 
structures. A storm Water engineering ‘model’ may be utiliZed 
to determine the siZe and location of the various storm Water 
facilities and associated quantities based on local site condi 
tions (e. g. ?nished topography and rainfall) and standard 
engineering practices. 
[0067] The measurement for sanitary seWer collection sys 
tem comprises costs incurred for providing sanitary seWer 
service to the site. In most cases, an existing sanitary seWer 
age system Will be available to connect to and Will be located 
in an adjacent seWer easement. SeWer easements are typically 
located in the road’s right-of-Way (ROW). In the simplest 
case, for small single pad commercial sites, all that Will be 
necessary is to install a sanitary seWer service lateral (say 6" 
diameter PVC material), including a cast iron cleanout, from 
the building to the existing trunk seWer in the street. In other 
cases, if WasteWater ?oWs originating at the facility are 
expected to be relatively high or if the building is far from the 
right-of-Way it Will be necessary to lay some neW trunk seWer 
including manholes. 
[0068] For potable Water system, this measurement com 
prises costs incurred for providing drinking Water, ?re sup 
pression and site irrigation to the land site. The is accom 
plished by connecting to the municipal or private Water 
Works. Like sanitary seWers, an existing Water main is usually 
located in an adjacent Water easement, Which my be inithe 
road ROW. The building is connected via a service connec 
tion, With at least one valve, a Water meter, and a service tap 
at the Water main completes the setup. 
[0069] III. Digital Terrain Model (DTM) 
[0070] The ?rst step in implementing the present system is 
to de?ne the site in three-dimensional “space.” This is 
achieved through Digital Terrain Modeling using any suitable 
commercially available softWare such as Surface ModelingTM 
by Eagle Point SoftWare, MGE Terrain AnalystTM by Inter 
graph Corporation, or GWN-DTMTTM by Scienti?c SoftWare 
Group. 
[0071] Digital Terrain Modeling is an electronic process of 
representing topography in three dimensions. The process 
utiliZes raW survey data gathered at certain points chosen to 
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accurately re?ect site conditions, and through a Triangulated 
Irregular Network. (TIN) converts this raW survey data into 
data used to effectively represent the site topography. FIGS. 2 
and 3 illustrate the conversion of raW survey data (FIG. 2) into 
a three-dimensional representation of the site (FIG. 3). In the 
TIN, any three raW (x,y,z) coordinates de?ne a ?nite triangu 
lar surface, With each vertex of the triangle representing an 
actually measured data point. A large series of these ?nite 
surfaces, sharing common horizontal edges, are linked 
together in the netWork and used to interpolate the (x,y,z) 
coordinate of any point, even though actual measurements 
have not been obtained at that point. 
[0072] The TIN models the entire land surface of the site 
including boundaries and breaklines. Delaunay triangulation 
rules are folloWed in partitioning the points into the nodes of 
triangles. Concisely stated, all raW survey points are con 
nected With their tWo nearest neighbors to form triangles. One 
of the main advantages of such triangles is thatithey are 
equiangular. It also ensures that any point on the surface is as 
close as possible to an actually measured survey point. 
[0073] In the present system, each of the ?ve cost measure 
ments is represented in the DTM by a set of (x,y,z) coordi 
natesithe set indicating northing, easting, and elevation of 
all points of the measurement in the site. The precise location 
of the measurement in the DTM determines its cost based on 
the cost model discussed beloW. 

[0074] IV. Rules of Selection 
[0075] Before application of the cost model, all candidate 
solutions must meet certain threshold requirements including 
those inherent in the system and those established ad hoc by 
the user. Collectively, these requirements or constraints 
de?ne rules of selection dictating Which candidate solutions 
survive initial scrutiny for further consideration and possible 
regeneration. System constraints may include, for example, 
engineering parameters such as the depth of cover on Water 
mains, depth of cover of seWer mains, minimum slope of 
sanitary seWer, pavement design requirements, ?ood plain 
and Wetland area restrictions, minimum ditch designs, man 
hole dimensions, maximum/minimum grades, and others dic 
tated by applicable engineering models. Other system con 
straints may comprise those stored electronically in databases 
containing applicable municipal codes for a given jurisdic 
tion. These databases may include parameters such as street 
planting yards, side and rear planting yards, building set 
backs, parking space sizes, driveWay Widths, roadWay Widths, 
Water pipe materials, seWer pipe materials, and radius of 
entrances curb lines. 
[0076] User-input constraints are both “hard” and “soft”i 
hard constraints comprising required or established param 
eters While soft constraints represent only preferences. Hard 
constraints include, for example, building pad design/dimen 
sions, location of existing Water line, location of existing 
sanitary seWer collection system, location of ?ood plain/Wet 
land areas, and existing utility easements. Examples of user 
preferences or soft constraints include Width of sideWalks, 
parking angles (e.g., 60 or 90 degrees), bike paths, and aes 
thetic considerations, such as frontage visibility (pad orien 
tation), green space, and preservation of existing landscape. 
[0077] V. Cost Model 
[0078] The cost model is entered into the system using a 
series of GUI screens, such as those shoWn in FIGS. 4-10. 
Alternatively, the cost model may be imported from one or 
more databases or other data storage media. The costs 
included are those that have an engineering basis that can be 
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modeled. Other ?xed costs and fees are ignored in the cost 
model as they canbe added in during a post-processing step to 
give a complete ?nal cost estimate for the site. Preferably, the 
cost model incorporates the folloWing data outlined in Tables 
1,2, 3, and 4 beloW. 

TABLE 1 

Grading Unit Costs 

Clearing and grubbing $/SY 
Topsoil stripping $/CY 
Bulk common earth excavation $/CY 

Rock excavation $/CY 

Excavation of unsuitable material $/ CY 

Fill material $/CY 

Compaction of ?ll material $/CY 
BorroW Material $/ CY 

Disposal of Waste material $/CY 

Retaining Wall (<5 ft tall) $/SF 
Retaining Wall (5-10 ft tall) $/SF 
Retaining Wall (>10 ft tall) $/SF 
Finish grading $/ acre 

Paving for parkingaccess road for given thickness $/SY 
Concrete sideWalk $/SY 

Curb and gutter $/LF 

Seeding and mulching (or sod) $/SY 
Permanent erosion control fabric for steep slopes $/SY 

Erosion control during construction $/ acre 

TABLE 2 

Storm Water System 

Underground detention storage $/ CY 
RCP storm Water pipe of each size (<5 ft deep) $/LF 
RCP storm Water pipe ofeach size (5-10 ft deep) $/LF 
RCP storm Water pipe ofeach size (>10 it deep) $/LF 
Flared end section (FES) of each size $/EA 
Unit cost per volume of rip rap $/CY 
Storm Water manholes of each size (<5 ft deep) $/EA 
Storm Water manholes ofeach size (5-10 ft deep) $/EA 
Storm Water manholes ofeach size (>10 it deep) $/EA 
Curb inlets (<5 ft) $/EA 
Curb inlets (5-10 ft deep) $/EA 
Curb inlets (>10 ft deep) $/EA 
Drop inlets (<5 ft) $/EA 
Drop inlets (5-10 ft deep) $/EA 
Drop inlets (>10 it deep) $/EA 
Storm Water lift stations $/ EA 
Storm Water lift station force main of each size $/LF 

TABLE 3 

Sanitary SeWer Collection System 

Sanitary seWer pipe ofeach size (<5 ft deep) $/LF 
Sanitary seWer pipe ofeach size (5-10 ft deep) $/LF 
Sanitary seWer pipe ofeach size (>10 ft deep) $/LF 
Sanitary seWer manholes of each size (<5 it deep) $/EA 
Sanitary seWer manholes of each size (5-10 it deep) $/EA 
Sanitary seWer manholes of each size (>10 ft deep) $/EA 
Sanitary seWer clean outs $/EA 
Sanitary seWer service connections $/EA 
Sanitary seWerage lift stations $/EA 
Septic tanks or package treatment plants $/ EA 
Sanitary seWer force main ofeach size $/LF 
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TABLE 4 

Potable Water System 

Water distribution pipe of each size $/LF 
Water meters $/ EA 
Valves of each size $/EA 
Fire Hydrants $/ EA 
Back?oW Preventer Valves $/ EA 

[0079] VI. Conceptual Solutions 
[0080] Conceptual solutions to the land development prob 
lem are generated utilizing the DTM, rules of selection, and 
cost model described above. These solutions are optimized 
using a heuristic problem-solving strategy, such as genetic 
algorithms, simulated annealing, neural networks, hill climb 
ing, Ant Colony optimization, Particle SWarm optimization, 
tabu search, and other computerized evolutionary techniques. 
In the present example, the system incorporates a genetic 
algorithm (GA) such as that represented in the How diagram 
of FIG. 11. As previously indicated, a high level problem 
statement in the present example is: developing a site for 
single pad commercial usage based on predetermined cost 
measurements and budget constraints. The GA Works to 
evolve a set of globally optimized solutions4each solution 
conceptually locating (Within the site) the ?ve cost measure 
ments discussed above in a manner Which is highly cost 
el?cient, and Which takes into consideration system and user 
constraints and user preferences. 

[0081] Beginning at generation ‘0’, the ?rst step in the GA 
is to create an initial random population of conceptual solu 
tions. Each solution comprises respective sets of (x,y,z) coor 
dinates in the DTM representing the exact location of the 
building pad, parking lot & access roads, the storm Water 
system, sanitary seWer collection system, and potable Water 
system. This initial population may include thousands or 
more of potential solutions. 

[0082] For each solution in the population, the ?ve cost 
measurements are de?ned, respectively, by certain predeter 
mined quantities calculated based on the precise location of 
the measurement in the DTM. For example, the building pad 
and parking lot & access roads impact grading variables, such 
as: the total disturbed area, total volume of excavated mate 
rial, volume of excavated rock, volume of excavated unsuit 
able material, volume of ?ll material, retaining Wall area, 
parking area, concrete sideWalk area, length of curb and gut 
ter, and slope surface area. Storm Watersystem variables 
include, for example, volume of underground detention stor 
age, length of RCP storm Water pipe of each size, number of 
?ared end sections of each size, volume of rip rap, number of 
storm Water manholes of each size, number of curb inlets, 
number of drop inlets, number of storm Water lift stations, and 
length of PVC storm Water force main of each size. Sanitary 
seWer collection system variables include, for example, 
length of PVC sanitary seWer of each size, number of sanitary 
seWer manholes of each size, number of sanitary seWer clean 
outs, number of sanitary seWer service connections, number 
of sanitary seWer lift stations, number of septic tanks or pack 
age treatment plants, and length of PVC sanitary seWer force 
main of each size. The potable Water system variables 
include, for example, length of PVC Water distribution pipe of 
each size, number of Water meters, number of (cast iron) 
valves of each size, ?re hydrants, and back?oW preventers. 
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[0083] Referring again to the diagram of FIG. 11, after 
creating the initial random population, the next step is to 
apply a ?tness function Which quantitatively evaluates the 
?tness of each candidate solution. This step involves ?rst 
determining the engineering feasibility of the solution, and 
Whether the solution satis?es the rules of selection discussed 
above. If the solution meets these thresholdrequirements, it is 
then scored for ?tness utilizing the cost model and any appli 
cable penalties. If not, the solution is immediately discarded. 
An example of a solution discarded for lack of engineering 
feasibility is one Which locates the building pad over the 
parking lot and/or access roads. This discarded solution 
Would also likely violate a rule of selection relating to the 
proximity of the parking lot to the building pad. Another 
example of a solution discarded for a rules violation Would be 
one Where the building pad encroaches the setback. 
[0084] For those solutions meeting the above threshold 
requirements, a ?tness index is assigned to each of the ?ve 
cost measurements. In the present example, assume that this 
index is a scale of 1-9; one (1) representing a measurement 
With high cost/high penalties, and nine (9) representing a 
measurement With loW cost/loW penalties. As previously 
stated, penalties are assigned to measurements Which violate 
a user preference or “soft constraint”. For example, if a user 
desires the building pad (store front) to face in a particular 
direction on the site in order to maximize visibility, any devia 
tion from the desired pad orientation beyond a predetermined 
range Would yield a penalty4or a minus score. A perfect 
?tness score in the present system is a solution Which pro 
duces a nine for each measurement, or a ‘99999’ score. Cost 
and penalties determine the ?tness of each solution in the 
population. The cost of each measurement relates directly to 
its conceptual (x,y,z) location in the DTM, and is calculated 
based on the cost model. 

[0085] In calculating the ?tness index, the cost component 
is scoredbased on the measurement’s ranking relative to other 
like measurements in the population. Thus, for example, all 
cost measurements for the building pad in the 90th and above 
?tness percentile Would receive a ‘9’ score, those in the 80th 
89th ?tness percentile Would receive an ‘8’ score, and so on. 
From this cost-component score, deductions are made for any 
penalties. This process is folloWed for all ?ve cost measure 
ments in each candidate solution. 

[0086] After scoring each solution in the population, the 
GA determines Whether a knoWn termination criterion is 
satis?ed. In the present example, the termination criterion is a 
preselected number of rounds or “generations”. Assuming 
that this criterion is not yet satis?ed, the system then selects 
certain candidate solutions to be copied over into the next 
generation. The GA can use many different techniques to 
accomplish this; namely, an elitist selection, ?tness-propor 
tionate selection, roulette-Wheel selection, scaling selection, 
tournament selection, rank selection, generational selection, 
steady-state selection, and hierarchical selection. Some of 
these methods are mutually exclusive, but others can be and 
often are used in combination. 

[0087] According to the elitist selection, the most ?t solu 
tions of each generation are guaranteed to be selected. In the 
?tness-proportionate selection, more ?t individuals are more 
likely, but not certain, to be selected. The roulette-Wheel 
selection is a form of ?tness-proportionate selection in Which 
the chance of a solution being selected is proportional to the 
amount by Which its ?tness is greater or less than its competi 
tors’ ?tness.According to the scaling selection, as the average 
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?tness of the population increases, the strength of the selec 
tive pressure also increases and the ?tness function becomes 
more discriminating. This method can be helpful in making 
the best selection later on When all solutions have relatively 
high ?tness and only small differences in ?tness distinguish 
one from another. In the tournament selection, subgroups of 
solutions are chosen from the larger population, and members 
of each subgroup compete against each other. Only one solu 
tion from each subgroup is then chosen to reproduce. In the 
rank selection, each solution in the population is assigned a 
numerical rank based on ?tness, and selection is based on this 
ranking rather than absolute differences in ?tness. The advan 
tage of this method is that it can prevent very ?t individuals 
from gaining dominance early at the expense of less ?t ones, 
Which Would reduce the population’s genetic diversity and 
might hinder attempts to ?nd an acceptable solution. In the 
generational selection, the offspring of the solutions selected 
from each generation become the entire next generation. No 
solutions are retained betWeen generations. In the steady 
state selection, the offspring of the solutions selected from 
each generation go back into the pre-existing population, 
replacing some of the less ?t members of the previous gen 
eration. Some solutions are retained betWeen generations. In 
hierarchical selection, solutions go through multiple rounds 
of selection each generation. LoWer-level evaluations are 
faster and less discriminating, While those that survive to 
higher levels are evaluated more rigorously. The advantage of 
this method is that it reduces overall computation time by 
using faster, less selective evaluation to Weed out the majority 
of solutions that shoW little or no promise, and only subjecting 
those Who survive this initial test to more rigorous and more 
computationally expensive ?tness evaluation. 
[0088] In the present example, a rank/elitist selection 
method chooses all candidate solutions Which have a cumu 
lative score across all ?ve measurements of at least a certain 

minimum number; e.g., 25. In this case, for example, solu 
tions With respective ?tness scores of ‘55555’ and ‘11888’ 
Would be selected, While solutions scoring ‘33666’ and 
‘99111’ Would not. 

[0089] Once selection has chosen ?t solutions, they are then 
randomly altered in hopes of improving their ?tness for the 
next generation. This random alteration occurs through muta 
tion and crossover. A solution is mutated by slightly altering 
the (x,y,Z) coordinates of any one or more of its cost measure 
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ments. Crossover entails choosing tWo solutions to sWap one 
or more measurements, thereby producing arti?cial “off 
spring” that are combinations of their parents. With crossover, 
there is a transfer of information betWeen successful “indi 
viduals”-solutions that can bene?t from What others have 
learned, and schemata can be mixed and combined, With the 
potential to produce an offspring that has the strengths of both 
its parents and the Weaknesses of neither. 
[0090] The above process is repeated until the prescribed 
number of generations have been evolved. At that point, from 
the highest scoring solutions generated by the GA, a further 
mathematical algorithm outputs multiple optimally different 
alternatives for revieW and consideration by the user. The 
output is preferably one or more computer-generated (CAD) 
draWings of the site plan indicating the various measurements 
for each ?t solution, and a Written cost report itemiZing and 
totaling all of the associated costs for developing the single 
pad commercial site. The process discussed beloW ensures 
that the output solutions are optimally different. 
[0091] VII. Optimally Different Solutions 
[0092] In the present example, an output algorithm is 
employed to interrogate the chosen GA solutions and output 
to the user only those that are optimally different. The primary 
goal of this algorithm is to generate a small number (e.g., 6-8) 
of very different alternatives. 
[0093] The pseudo-code algorithm may read as folloWs: 

GA selects multiple ?t solutions 
Repeat 

evaluate the (x,y,Z) coordinates of all measurements in each 
?t solution 
select solutions Which maximize the distance between 
coordinates of like measurements 

Until terminating condition. 

[0094] In this case, the terminating condition Would be 
reached once the desired number of very different, ?t solu 
tions is achieved. Alternatively, the output algorithm may 
employ other terminating criterion. 
[0095] As indicated above, the output documentation pref 
erably comprises one or more computer-generated draWings 
and a Written Cost Report. An example of an output draWing 
for one optimiZed, ?t solution is provided in FIG. 12. The 
Solution Cost Report for this site is as folloWs: 

SOLUTION COST REPORT 

Description Unit Quantity Unit Cost Total Cost 

Building Subsystem 
Subtotal Building Cost: $ 0.00 

DriveWay 

Curb and Gutter LF 198.35 $ 12.20 $ 2,419.89 
Heavy Duty Asphalt Paving SY 501.25 $ 19.00 $ 9,523.83 

Subtotal Driveway Cost: $ 1 1 ,943 .71 
Grading 

Clearing and Grubbing Acre 2.04 $8,000.00 $16,336.43 
Topsoil StrippingStockpiling CY 549.09 $ 2.85 $ 1,5 64.89 
Earth Excavation (Cut) CY 3,381.47 $ 2.85 $ 9,637.19 
Fill Placement CY 2,914.68 $ 2.85 $ 8,306.83 
BorroW Material CY 0 $ 2.85 $ 0.00 






