ISSN: 2455-2631 © March 2021 IJSDR | Volume 6 Issue 3

Shortest Path Problem in Real Time Information: A Review

1Greeshma Srivastava, 2Ankit

M. Tech. Scholar, Assistant Professor
Electronics & Communication Engineering
CBS Group of Institutions

Abstract: Many needs are in competition with one another in the various vehicular networking systems that are now in use.
However, there has not yet been identified a single solution that will serve all objectives. The usage of vehicle to
infrastructure, such as standardized GPRS, HSPA, and LTE networks is now widespread, while vehicle-to-vehicle and
vehicle-to-roadside systems are still in the early stages of development. Finding the shortest distance usually entails more
effort and complexity, as opposed to a straightforward and straightforward route. Using fuzzy logic and artificial
intelligence, we are able to determine the location and shortest route to an item from an image captured using a camera or
any other visual sensing device, and this is done by analyzing the picture. First, we photograph the target region, and then
we extract the ideal location, which we want to reach as quickly and efficiently as possible. We can use Artificial Intelligence
to determine the most efficient route to our destination out of all the potential excellent routes. The shortest route does not
necessarily rely on the shortest path; it may lead to traffic congestion, a high number of traffic lights, or poor road
conditions, all of which may create delays. As a result, we take everything into consideration while creating our modified
model for the quickest route. In this case, our approach offers the user more than one route/path to take in order to reach
the goal.
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l. INTRODUCTION

Motor vehicles are necessary for daily travel since they are a kind of modern mode of transportation that offers the advantages of
high speed and ease. Motor cars are often used for activities such as leaving the house, commuting to and from work, shopping, and
visiting friends and relatives. The number of automobiles on the road has increased considerably in recent decades as a result of
economic and technological advancement. Davis showed in 2012 that the annual average percentage change in the number of cars
in certain countries from 1990 to 2009 is 2,3 percent; the yearly average percentage change in the number of trucks and buses is 3,9
percent, and growth is still continuing. Because to the availability of more vehicles, it is now easier to move people and products.
The increase in the number of automobiles also places a strain on public transportation and. contributes to environmental
deterioration. Traffic congestion happensalmost every day around the world, but it is especially severe in urban areas. Congestion
may be caused by a variety of factors, including traffic accidents and severe weather (for example, heavy rains and snows).
transportation options, such as buses and trains, rather than personal cars in many nations, according to the International Council
on Clean Transportation. In many countries, there are other options for dealing with traffic congestion, such as street extension,
road repair, the building of extra new motorways, and the development of the metropalitan region, among others. On-street parking
with reasonable rates has the potential to substantially reduce traffic congestion.

Fig. 1: Worst traffic jams from around the world

Research into how to address traffic problems may have the ability to enhance traffic flow efficiency, but one expected effect of the
measures is that they will have an impact on the usage of automobiles or will raise the price of automobiles, respectively. Despite
the fact that traffic congestion creates numerous problems in people's daily lives and inhibits many people from traveling, short-
term traffic schedule in order to enhance the time efficiency of traffic flow. Traffic control and management will enhance the speed
and efficiency of motor vehicles by following the shortest possible route.
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The Shortest-Time Path

Because it is named as such, the shortest route is often the one that requires the least amount of time to get from one place to another.
In order to identify such a route, it is necessary to measure or calculate the time required for each route. expenses are dependent
route that is selected, changeable pace, route always route.

There are many various types of traffic obstacles, including the number of vehicles on the road, the number of pedestrians on the
road, weather conditions, and road conditions (width, pavement condition, gradient and visibility). preference, and among others,
influence the speed at which one travels when driving. According to Zhao (2010), while there are methods in place for calculating
driving speed, difficult evaluate automobiles at same. As a result, without individual measurement, it is impossible to determine the
time cost of travel by motor vehicles.

Drivers are required to increase their pace while passing by hospitals, schools, and pedestrian crossings when traveling on the road,
and motor vehicles are required to come to a complete stop when the traffic signals turn red. In this context, the authors examine
permanent buildings close to the roadway that act as speed sapping barriers for divers when driving (such as hospitals, schools,
residential areas or traffic signals). as well as traveled by route, allowing alternative to be selected from among them.

Providing drivers with the shortest time plan possible in order for them to run their motor vehicles as effectively as possible is also
a remedy for traffic congestion. The shortest route design also lowers the amount of time that motor vehicles are on the road, thus
reducing the amount of time that they emit greenhouse gases.

A route plan that takes the least amount of time is required for unfamiliar with who without developing any specific habits in the
lowest amount of time feasible. In principle, provided maintains route take least amount of reach its destination. However, it is
difficult to keep vehicles moving at a constant pace in a congested region since the speed is influenced range variables.
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Fig. 2: Mobile-based navigation web application

User's location data must be sent to the appropriate database via the web application, and once the data has gone through the various
processing steps, a traffic analysis must be performed on the basis of the data. A route plan that takes the shortest amount of time
feasible is created by combining track longitude with the current traffic condition, while eliminating factors that affect driving speed
is avoided.

According to our findings, the following are the most significant factors influencing the. The weights of different variables are
determined by a variety of factors. Additionally, in addition to the previously stated factors, we create a user-controlled factor that
is located on road areas that are congested, have accidents, or have temporary structures. This element is at the control of the users.
Users may input the location of such a place so that while still providing other users with the best possible route plan to get there.
By concluding our investigation, we have also shown that anybody may do GIS analysis using open-source software. Path finding,
also known as patching, is the process of mapping the shortest path between two places with the use of a computer software. When
it comes to labyrinths, this is a more realistic option. The majority of the research in this field is focused on the Dijkstra technique
for determining the shortest path in a weighted network.

A method for finding routes has at its core the process of looking for a diagram by starting from a evaluating goal. While diagram
in breadth may uncover is given, ways that diagram are more likely to get at the. As, consider assessing path, typically continue
toward objective and only deviate off the road in order to avoid any obstructions and to reduce deviations.

The following are the two most significant challenges in locating a route:

(1) Identifying a network; (2)

IJSDR2103112| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 676


http://www.ijsdr.org/

ISSN: 2455-2631 © March 2021 IJSDR | Volume 6 Issue 3

(2) of the quickest way

First and first-intensive searches, which deal with the first problem by eliminating all alternatives, repeat all potential routes starting
from the provided node target execute denotes denotes.

harder it to figure out appropriate approach. According to the three is temporal as a consequence of using this method. However, it
is not necessary to investigate all possible paths in order to determine which is the best. Through the use of heuristics or dynamic
programming, methods listed generic available that network the need for preparation. However, in real-world trip routing systems,
algorithms that can pre-process the graph to gain higher speed may be able to achieve even better time complexities than previously
thought possible. The hierarchy of contraction is an example of such an algorithm.

Fig. 3: Equivalent paths between A and B in a 2D environment
Dijkstra's Algorithm

Dijkstra's technique is a good example of a graphical route-finding algorithm in its simplicity and effectiveness. Starting beginning
collection this technique proceeds to the next step. shortest beginning checked to ensure that it is still there. The node is designated
as "closed,” and if it has not been previously examined, all of the nodes immediately next of nodes. This process is repeated. n
Because with shortest distance between them are examined first, the route to them is the shortest path when the destination is first
recognized.

When Dijkstra algorithm does not work properly. If a diagram route whereas the best route 1. The which starts with and proceeds
to, will examine B first since it should the project declare it closed so expenses are evaluated again. As a result, Dijkstra is unable
to there will never be a negative edge weight in many real applications, Dijkstra's technique is best suited for route discovery rather
than route optimization.

A* Algorithm

A* is a modified version of the widely used game algorithm developed by Dijkstra. A* assigns a weight and a the that is roughly
the same as the the. As calculated by the heuristic, this estimated distance serves as an indication of a possible that the terminal. As
soon as you discover an initial path, you may eliminate longer paths, allowing you to save time. Whenever the distance between
the start and the finish is more than x.

When compared to the Dijkstra algorithm, A* makes use of the system. At zero, A* corresponds to the algorithm developed by
Dijkstra and his colleagues. When the heuristic estimate increases, routes, but it does so at a faster rate. If heuristic is simply actual
distance between two nodes, A* examines the nodes with the shortest distance between them. While it is possible consistently
estimates real this is not always practical. When does not guarantee the optimal path anymore? In certain Any corner of route
planning algorithms searches for routes in a continuous configuration space breakdown, which is a continuous configuration space
breakdown (such as a two-dimensional terrain).

A regular grid with cells blocked and unblocked in alternate rows and columns. In order to find the shortest path from one beginning
vertex to another, the appropriate visibility charts are examined. However, this process is often very slow due to the fact that the
number of edges increases quadratically in proportion to the number of vertices. In most cases, the grid graph looks up inefficient
routes (for example, because the changes in heading of the resulting path are restricted to multiples of 45 grades on an eight-neighbor
grid network), but it is relatively quick because the number of edges increases only linearly with the number of vertices in the
network. Optimizing the search path generally results in a shorter trip, but it has no effect on the topology of the route. For example,
if the search method passes a blocked cell on the left and the shortest route passes the same blocked cell on the right, the shortest
route is the shortest path. As a result, the search and optimization processes are interconnected. Methods of route planning at any
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angle disseminate information (to examine fast) across the grid edges without limiting their journey to the grid edges (to find short
paths). As a result, the changes in the direction of their trajectories are not restricted to the specific angles that give rise to their
name.

Shortest Path by A* Algorithm

To draw an efficient route between a large number of dots, or nodes, A* is a computer technique that is often used in pathfinding
and graph traversal applications. In addition to being extensively utilized, it is well-known for real-world however, in order to get
better performance before the graph is pre-processed [1,] despite the fact that some research has proven A* to be superior to other
approaches.

The (now SRI International) (now SRI International). It is an expansion of the Edger Dijkstra algorithm, which was developed in
1959. A* enhances time performance via the use of heuristics.

A* looks for and finds the most efficient route from a given beginning node to a single destination node at the lowest feasible cost
(out of one or more possible goals). In crossing the graph, A* takes the shortest projected total cost or distance, which allows the
ordered priority queue for alternate path segments to remain intact.

It uses a more knowledge-intensive node x cost function (commonly referred to as f(x)) for selecting the order in which nodes in
the tree are visited. In terms of cost functions, they are a combination of two functions:

G(x) is a path-cost function that is known from the starting node to the current node x (often abbreviated as g(x)).

« a future route cost function, which is a permitted "heuristic estimate" of the distance from x to the destination (usually referred to

as h(x)).

To be eligible, the h(x) component of the f(x) function should be a valid heuristic, which means that the distance to the goal should
not be exaggerated. For an application such as routing, h(x) may thus be the direct distance from the destination, because that is
physically the shortest distance between two locations or nodes.

Mono tone or coherent refers to when a h heuristic satisfies the extra criteria of each edge (x, y) in a graph (where d indicates the
length of the edge), and the h heuristic is used. As a result of this, A* may be performed more efficiently—in general, no node has
to be processed more than once (see closure set below)—and A* corresponds to operation of the Dijksttra algorithm with a reduced

cost of d'(x,y):=d(x,y) +h(y)-h(x,y):=d(x,y) +h(y) (x).

Initially, it searches for routes that seem to go to the goal, in the same way that other informed search algorithms do. This is different
from a greedy, initial search in that it takes into account the distance already gone; the g(x) represents the cost of starting from the
beginning point, rather than simply the local cost of the previously expanded node.

A priority queue of nodes to be passed from the beginning node, called as the fringe or open set, is kept from the starting node. The
lower the value of f(x), the higher the priority of the node x. Each step of the technique removes a node with the lowest f(x) value
from the queue, changes the values of its surrounds' f and g in the proper manner, and then adds the node's surrounding neighbors
to the queue, repeating the process. The procedure continues until the f value of a target node is lower than the f value of any other
node in the queue (or until the queue is empty). It is possible that goal nodes will be passed on many times if other nodes have lower
f values, since this will result in a shorter trip to the destination. An acceptable heuristic determines that the f value of the objective
is the shortest path since the aim is zero in this case.

The technique that has been described so far just provides us with the quickest path. It is feasible to simply revisit the method in
such a way that each route node follows the previous route node in order to find the true step sequence. Following the execution of
this procedure, the ending node refers to its predecessor, and so on, until the starting node is a specific node predecessor and so on.

1. LITERATURE SURVEY
Introduction to Survey Report

For many years, experts have been grappling with the challenge of developing a reliable global mobile robot navigation system.
There are many interior settings, and monitoring burnt or abandoned as well as and the among other things. For these applications
to be implemented, it is necessary to focus on all of the difficulties and obstacles that exist in this area. The advancements in the
fields of cinematics, dynamic modeling, to guide that have occurred in recent decades have been briefly reviewed in this article. In
autonomous mobile robots, movement and task performance are accomplished through adaptation to changing environments and
learning from experience, which allows the robots to change behavior accordingly and, ultimately, their environment, which to
reason processes such as navigation. Prior research has been done on two key computational challenges related to autonomous
operations: mobile robotic modeling and road planning, and mobile robot navigation. These are among the numerous problems
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associated with autonomous operations. A prior cinematic must performed before modeling mobile robots can be completed, while
thought of with inputs that environmental descriptions, a environmental observations of the agent. The output produced is a set of
movement directions that are the most appropriate for achieving the goal while avoiding obstacles and other unusual as as possible.

Many problems pertaining to mobile robots have been investigated in depth. A review of the literature cannot simply be a catalog
of all of the papers that have been certain would every. Alternatively, address the cinematic and that offer the necessary route and
artificial intelligence technology to help in the development of a smart robot controller are included in the proceedings. Many
scholars have used cinematic models to develop a mobile robotic movement control method that is similar to that of a human. The
create level of will allow them to navigate in an unknown area by using online sensory data and other information. It reviews past
work, particularly in the areas of computer geometry and robotics, and considers future research directions. A detailed on find the
best way to a competitive based on sensory evidence and its structural meaning using fluid-type logic, back propagation are
presented this chapter.

Another problem in doing a literature study scientific varies considerably from one individual to the next. Furthering the scenario
by having a robot seek for the pursue objective a would be difficult to do. will look at most in the history of science. With the use
of the furry adaptive, foundation technologies, an overview mobile robot robot over the last several years.

The cinematic model of the moveable robot defines, in particular, the permissible robot's mobility. However, the dynamic model is
responsible for handling the reaction forces and explaining the relationship between these manner, beneficial developing techniques
for controlling. includes thorough on the subject cinematic storytelling. In context of cinematics, section investigates different
techniques as well as the effectiveness of these systems. The first step in achieving these goals is to use a cinematic approach.

General Survey

Due to the fact that mobile robots are more efficient on both hard and smooth surfaces than legged or treaded robots, as well as the
fact that hard and smooth plant floors are common in contemporary industrial settings, mobile robots offer considerable potential
for widespread industrial application [1]. The Jones et al. applications [2] include a number of different mobility configurations.
The differential, synchronic, and which are the most common types of single-body robots] are the most popular types of single-
body robots. [3]. Beyond its importance mobile robot attention scientists who are interested in the theoretical difficulties it presents
[4, 5]. During the last few years, the on wheels garner a significant amount of attention. The nonholonomic behavior of important,
says may controlled minimal which is a significant achievement.

As a result of the flawless application of wheel movement rolling constraints [5,] particularly non-holonomic. Various methods for
have been proposed, with posture stabilization and trajectory tracking being the two main approaches to mobile robotics in this field
of research.

The design of the Muri and Neuman wheeled mobile robot [6] may have an impact on the modeling approach, as previously said
"a robot that can only move by moving wheel assemblies that are mounted on the robot and in contact with the surface of a surface
an assemblage of wheels is a device that allows for relative movement between a mounting bracket and the surface where a single
point of contact is required.” vehicle, on the other hand, must can adapt changes roll slipping. Instead of conventional wheels,
omnidirectional wheels may be used to increase mobility [7]. The need for wheels to roll as smoothly as possible without sloping
sideways increases the importance of integrative) movement of mobile robot [8]. Alexander and Maddocks [9] developed a
connection movement and driving rate the based on the stress "rolling without sliding"” that the robot experiences. An investigation
of the effects of slippage caused by misalignment of rollers is conducted via.

When designing a robot, it is necessary to consider three cinematic aspects that are linked yet different from one another. Mobility,
control, and location are all important considerations [1]. Mobile: This concept refers to the numerous may make accomplish
ultimate objective direction. first concept is mobility. In the second part, control, we are concerned with the selection of film
variables, such as generalized speeds or cords. Finally, the third element of the positioning takes into consideration the location
system that is being used for estimating the robot's real position and orientation, and it does so by reducing the area of uncertainty
of the robot based on sensor measurements that are required for autonomous operation [2].

The mobility of the setup area is limited by the constraints of the cinematic environment. Kinematic constraints may be applied at
any speed, while dynamic restrictions must be applied at higher speeds since an agent operates at a faster rate. The design of robots
must cope with the agent dynamics issues, because even a holonomic robot would face some sort of dynamic constraints, especially
acceleration and speed limitations, without any cinematic limitations. Agent position derivatives are subject to dynamic constraints
that limit the values that may be used over time.

Using a wheeled mobile robot, Moon and colleagues showed that it is impossible to move perfectly in a straight line, despite the
full rectification of cinematic problems, which the restriction of. The cinematic mobile does not fulfill fundamental requirement
stabilizing its feedback, which implies that no time invariant is smooth or continuous in the model's representation. There has been
much discussion on the stabilization and control of non-holonomic systems using dynamic equations, and several papers have
discussed the use of back stepping based methods.

IJSDR2103112| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 679


http://www.ijsdr.org/

ISSN: 2455-2631 © March 2021 IJSDR | Volume 6 Issue 3

When the parameters and the time constant are not properly set, an internal error occurs. It is possible to generate an exterior error
while driving a WMR, and this mistake is produced by the difference in friction and radius between the two driving wheels. was
proposed as a means of reducing such errors.

[9,2] proposes to use the back step algorithm to design a robust adaptive controller to control an auxiliary wheel speed controller
so that tracking errors are kept to the absolute minimum when compared to the cinematic uncertainties of robot tracking, as well as
fluid about behavior \drive. primary it does not require any cinematics or in order to be successful. It is recommended that the
parameters determining robot dynamics be updated in real time in circumstances when such parameters may vary, such as during
load transfer, to ensure reduced inaccuracy and better performance. is kept to a minimum [1].

The combined control feedback system proposed by [2] is [3] and applicable to situations settings where issues are taken into
consideration. It is composed of and rotational to construct it takes into account information on distance from Euclidean coordinates.

According to [5, 6], created, demonstrates that are possible body dynamic model has been reduced to a cinematic model under
specific assumptions. Arvin and colleagues [7] developed a mobile robot (PWM).

Several limitations of the variable-length axle (VLA) have led Chakraborty and Ghosal [28] to model the toruses, which are joints
to achieve a lateral level of freedom to achieve slip free movement over uneven terrain without the use of the variable-length axle
(VLA). Chinese researcher’s management that allows follow the utilizing Back Stop to ensure.

Earlier this year, Zohar et al. [2] presented trajectory tracking techniques for mobile model robots that incorporated the concepts of
virtual vehicles [3] and flatness [3], as well as the use of the backstepping methodology [35]. It was proposed by Gandhi and
Ghorbel[36] to use a harmonic drive system for nonlinear controllers to offset the movie error in the presence of flexibility in high-
speed regulation and to use it for trajectory tracking in order to offset the movie error in the presence of flexibility in high-speed
regulation. A study by Pathak et al. [7] investigated the behavior of space robots equipped with a torque and attitude control unit.
Han et al. [3] proposed a single curvature trajectory with a continuous and broad rotating radius to provide an optimum trajectory
to reduce the differential driving error of the mobile robot by capturing a moving item in conjunction with the predetermined starting
and end states in order to provide an optimum trajectory to reduce the differential driving error. A controller with a receding horizon
may be used to monitor wheeled mobile robots in an area with no barriers, subject to non-holonomic restrictions, in the absence of
obstacles. A quadratic cost function optimization method is used to develop the control strategy. At each sample period, the tracking
error and control variables are penalized in accordance with the cost function optimization.

I11. EARLIER WORKS

This is critical in the development of a smart mobile robot controller because it allows for the use of fuzzy logic. This technique is
used to navigate mobile robots around the environment. The mathematical framework of fuzzy set theory allows for the presentation
and handling of ambiguity, inaccuracy, imperfect make use an approximation technique is comparable to that used by humans in
decision-making. When developing fuzzy systems, interviews with are frequently used in conjunction with a series of linguistic
variables and fluid rules to create a more complex system. [41] Especially for complex check jobs, the expert's ephemeral knowledge
base is often developed via a tedious and unreliable trial and error approach. Lofti Zadeh created fuzzy set theory in the mid-1960s,
and it is still in use today. Lotfi Zadeh proposed the concept of fluffy sets in 1965 and wrote a paper on the subject. Fuzzy logic has
been used in a wide range of among others. discusses for dealing with issues with. Robots necessitates the use of adjustment and
sensing. Reactive control techniques show a significant dependence on very sensitive robot information, which is not surprising.
As a result, it is necessary to take into consideration the imprecision-and uncertainty of sensor perception [3]. In contrast to the
rules, which information, linguistic terminology allows for a smooth interaction with both

Fuzzy Decisions and Control Algorithm Design

Using a web cam, the robot navigates around an arena measuring 2 x 2.4 m2 and including moving obstacles and an objective to
accomplish. Because neither the target locations nor the barriers are known in advance, the navigation algorithm must adopt a
reactive paradigm that relies only on sensory input to navigate. First and foremost, two fundamental behaviors, namely achieving
the objective and avoiding obstacles, are accomplished by means of two different fuzzy controllers, FLC1 and FLC2, which are
used to accomplish these tasks. The accomplishment of target behavior and the avoidance of obstacles are both dependent on
artificial view information, and this is the primary function of the mobile robot in question. It is the most important task and is only
performed if an obstruction on the robot track is encountered. A fuzzy supervisor will then be in charge of merging the reference
wheel speeds calculated by each FLC in accordance with the priority code assigned to each FLC. The final control speeds are sent
to the robot's built-in speed control loop, which controls the robot's movement. Generally speaking, these controllers are sufficient
for providing satisfactory mobile robot navigation performance in the majority of navigation tasks. Exploring the behavior of the
environment, previously visited the mobile robot sites, and searching for newly undiscovered spots. It is equipped with a type of
spatial local memory that is used by another fuggy controller, currently known as FLC3, to identify and prevent box canyons from
forming on the mobile robot's path. Figure 4 depicts the overall organizational structure of the whole control system. When
compared to a monolithic system, the modular architecture of our controller provides the following significant advantages: 1)
Because there are just a few rules and inputs for each behavior, debugging and tuning operations are faster and easier; 2) the final
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structure is flexible because additional basic behaviors can be easily added to improve mobile robot abilities; and 3) the final
structure is scalable.

Obtaining the desired result This behavior reacts to a visual system stimulus and gives information on the relative position of the
mobile robot and its goal, as well as the robot's current location. In this case, the behavior is indifferent to the presence and placement
of obstacles. With two different circles of the same color diameter on each side of the robot, it can identify its position and
orientation. A red ball marks the location of the target on the robot's screen. Using the Matlab Picture Processing Toolbox and
conventional RGB color coding, the image processing is carried out. The information gathered by the vision system is updated
every 200 milliseconds and transmitted to the FLC1, which runs on the dSpace board, through the mlib/mtrace library and driver.
In this mode of operation, the robot initially rotates to face the objective before continuing straight. The distance information (DIST)
as well as alignment error (DIR), are provided by the vision system and sent into FLC1 as inputs.

Vision System

Commanded

wheel speed
Fuzzy .
Supervisor

Fig.3: - Behavior based control scheme

Obstacles should be avoided. When the robot comes close to the objective, the distance between the robot and the destination causes
the robot to begin looking for the goal when the robot gets close to the goal. In the same way, all of the rules in those tables were
developed heuristically via the use of common sense. Some of the recommendations in intended to be used in extreme situations
when obstacles must be avoided as quickly as possible. This is for the purpose of three members performing a function.

V. CONCLUSION & FUTURE WORK

Despite the fact that the barriers in our analysis show how they affect motor vehicle movement and how we offer the shortest
investigated study. In addition to the elements, we discussed in-our study, there are a number of other factors that are essential for
implement. Congestion road transportation is result of dynamic behavior and interactions among a large number of road users, such
as, for example, cars and trucks (Verhoef & Rouwendal, 2004). In reality, it is not possible to determine with precision gathering
dynamic data is difficult, and calculating it as a factor is problematic since the number varies over time; thus, it is not a factor. The
weather is another major impediment to transportation, although it is difficult to anticipate the impact of the weather before it
happens. It is true that the real shortest time route cannot be discovered; instead, we provide calculating based on a variety of
variables. The researchers may use more precise barrier factors and weights to make the result more acceptable if they have access
to sufficient geographic and statistical data.
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