


traffic from the central office across the multiple
fibers to the homes (see Figure 1).

The design of FTTH networks typically occurs in
two phases: planning and engineering. During
the planning phase, homes are grouped into
serving areas. The serving area boundaries are
established to contain an •idealŽ number of

homes suited to the capacities of the available
hubs. Once the serving areas are defined, a hub
site is selected within each serving area. Hubs are
best located near the center of the serving areas,
but safety, accessibility, and aesthetic concerns
often cause hubs to be located near the serving
area edges (see Figure 2). 

The completed plan, with serving area
boundaries and hub locations established, is used
as a template for the engineering phase. The
network design is completed by routing and
sizing fiber cables that connect every household
to the hub location within each serving area. Only
minor modifications of the plan, to compensate
for constructability issues, are considered during
the engineering phase.

CAUSES OF EXCESSIVE FIBER DEPLOYMENT

Reviews of several FTTH network designs
identified two principal causes of excessive

fiber deployment: 

€ Overly large serving area 

€ Poor hub location

The following sections discuss serving area size
and hub centricity (HC) and their effect on the
amount of fiber deployed. Models and metrics 
are presented to detect and assess the impact of
these causes.
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ABBREVIATIONS, ACRONYMS, AND TERMS

FTTH fiber to the home

HC hub centricity

PON passive optical network

PSTN public switched telephone 
network
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location

Figure 2.  Hub Locations Within Serving Areas

Figure 1.  FTTH Network Architecture



Serving Area Size
The serving area size for each network design is
chosen during the planning phase. Armed with
guidelines and an approved list of hub sizes, the
planner uses •good judgmentŽ to group an
acceptable number of households into serving
areas. Previous work has suggested that expected
subscription rate (or take rate) should also be
considered when establishing serving area size to
maximize resource utilization [1]. In general,
resource utilization improves as serving area size

increases, lowering the cost per subscriber.
However, there is a penalty to be paid for
increasing serving area size. A larger serving area
requires additional fiber per household to be
installed. This principle is easily demonstrated
and quantified with two simplistic examples.

Linear Serving Area
Consider a serving area composed of eight
households arranged as shown in Figure 3.

Each household lot has frontage of x feet. With
the hub placed in the center, four fibers would
exit east and west and traverse one lot,
connecting to drops to each of the four
households on either side of the hub. The total
fiber required is 8x fiber-feet or x fiber-feet 
per household.

Consider now a serving area of 24 households, as
shown in Figure 4.

The dimensions are the same as before; each lot
has a frontage of x feet. The hub is centered with
12 households to either side. In this case, 12 fibers
exit east and west from the hub and traverse 
5 lots to connect all the households.2 The 
total fiber required for this serving area is 
120x fiber-feet or 5x fiber-feet per household.

The previous two examples demonstrate that
tripling the serving area size results in a fivefold
increase in the fiber required per household. For

linear serving areas of any size n, the total fiber
TFl required is:

(1)

The total fiber per household TFl /n is simply:

(2)

For large linear serving areas, total fiber per
household is directly proportional to the serving
area size„splitting the serving area in half halves
the fiber cost per household.

The linear serving area model may be too severe
a characterization of the real world. Therefore, it
may be useful to investigate the other extreme„
an overly generous characterization.

Ideal Mesh Serving Area
Consider a serving area composed of 
16 households arranged in a square, as shown 
in Figure 5.

Each household lot is x by x feet. The hub is
located at the center of the serving area with eight
households north and south of the hub. A main
distribution cable of eight fibers exits north and
south of the hub and traverses one lot.
Subtending distribution cables of four fibers

A larger serving area

requires additional

fiber per household

to be installed.
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Figure 4.  Linear Serving Area with 24 Households

Figure 3.  Linear Serving Area with Eight Households

____________________________

2 The fiber count could be reduced by four at each drop
location. However, it is more expensive to splice smaller
cables at each taper point than to continue the original 
12 fibers the entire length.
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traverse one lot east and west of both the north
and south main cable to connect all the
households. The total fiber used is 32x fiber-feet
(16x main cable + 16x subtending cable) or 
2x fiber-feet per household.

Now consider a similar serving area of 
144 households, as shown in Figure 6.

The lot dimensions are the same: x by x feet. The
hub is located at the center. The main distribution
cable is now 72 fibers and traverses 5 lots. 
There are 12 subtending cables of 12 fibers, 
each traversing 5 lots. The total fiber is 
1,440x fiber-feet or 10x fiber-feet per household.

In general, the total fiber TFim required for an
ideal mesh serving area is:

(3)

Figure 5.  Ideal Mesh Serving Area with 16 Households
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Figure 6.  Ideal Mesh Serving Area with 144 Households
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The total fiber per household  TFim/ n is:

(4)

For large ideal mesh serving areas, total fiber per
household is proportional to the square root of
the serving area size. Splitting a serving area 
in half reduces total fiber per household by 
30 percent.

Optimum Serving Area Size
Both models indicate a direct relationship
between the size of the serving area and the total
fiber per household. The expectation is for real
world behavior to be bounded by the predictions
of the two models. However, the models reveal
another important relationship. The total fiber per
household and the geographic density„the x
factor„are directly related. While the x factor is
very specific to geographic locations, some useful
generalizations can be made. In more rural
environments with households separated by
greater distances, the total fiber per household is
greater than in urban environments. Figure 7
plots the relative total fiber per household versus
serving area size for rural and urban
environments.

To determine the optimum serving area size for a
specific region, the fiber cost per subscriber
F$ /sub of a specific design must be calculated:

(5)

Where: 

TF$ = total fiber cost 

n = number of households in serving area 

τ = expected take rate

Using the models, the fiber cost per subscriber
can now be extrapolated for any serving area size,
as shown in Figure 8.

An equipment cost per subscriber plotted against
serving area size can be derived from equipment
cost and calculated utilization (see Figure 9).
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Figure 7.  Total Fiber per Household Versus Serving Area Size 
(Rural and Urban)

Figure 8.  Fiber Cost per Subscriber Versus Serving Area Size

Figure 9.  Equipment Cost per Subscriber Versus Serving Area Size
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The optimal serving area size is obtained by
finding the minimum total cost„fiber cost per
subscriber + equipment cost per subscriber (see
Figure 10).

Prior to calculating optimum serving area size,
excess fiber associated with HC must be
identified and removed.

Hub Centricity
FTTH network planning, as described previously,
is a two-step process: establish the service area
boundaries, then locate the hub. There is a
general perception that hub location has little
impact on cost. As such, little effort is expended
on selecting the least cost location. Locations at
the edge of the serving area„considered more
•convenientŽ„are often chosen.  However,
serving areas with hubs located away from the
center require additional fiber strands to be
engineered to gain full connectivity. To
understand the impact, the earlier models are
revisited.

Linear Serving Area
From Figure 4, with the hub centered in the linear
serving area, the total fiber required was 
120x fiber-feet or 5x fiber-feet per household. If
the hub is moved to the far right, as shown in
Figure 11, additional fiber is required.

In this case, 20 fibers must now exit to the west of
the hub and traverse 10 lots. The total fiber
required is 200x fiber-feet or 8.3x fiber-feet per
household„a 66 percent increase. 

Ideal Mesh Serving Area
From Figure 6, with the hub centered in the ideal
mesh serving area, the total fiber required was
1,440x fiber-feet or 10x fiber-feet per household. If
the hub moved to the extreme south end of the
serving area, as shown in Figure 12, additional
fiber is required.

In this case, 120 fibers exit the hub to the north as
the main distribution cable and traverse 10 lots.
The subtending distribution cables remain the
same. The total fiber required is 1,920x fiber-feet
or 13.33x fiber-feet per household„a 33 percent
increase.

Hub Centricity Metric
To quantify the degree to which the hub is
centered, an HC metric is created. HC is defined
as the ratio of the total number of fibers exiting
the hub less the greatest number of fibers exiting
the hub in one direction to the greatest number of
fibers exiting in one direction.

In the Figure 4 example, HC = (24 … 12)/12 = 1.0.

In the Figure 11 example, HC = (24 … 20)/20 = 0.2.

In the Figure 6 example, HC = (144 … 72)/72 = 1.0.

In the Figure 12 example, HC = (144 … 120)/120 =
0.17.

An HC metric of 1 (or higher) indicates that the
hub is well-centered within the serving area. An
HC metric below 1 indicates that the hub is notFigure 10.  Total Cost per Subscriber Versus Serving Area Size

Common Equipment + Fiber Cost per Subscriber vs. Serving Area Size
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Figure 11.  Linear Serving Area with 24 Households with Hub Off-Center
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A very low HC metric

indicates a

significant amount

of excess fiber„over

50 percent in some

instances. 

centered; the lower the metric, the more the hub
is offset from center.

While the two models predict an increase in total
fiber per household, it is difficult to predict how
much excess fiber is present in a design with the
given HC metric. To understand the behavior of
the metric, 50 actual designs were reviewed. The
metric was calculated for each design. Where the
hub was not centered, a better, more central, hub
location was sought. The fiber required was
recalculated for each design with improved hub
location. The difference in fiber requirements
between the two designs was classified as excess
fiber and is plotted against the HC metric of the
original design (see Figure 13).

The plot suggests a good correlation between the
HC metric and the amount of excess fiber. A very
low HC metric indicates a significant amount of

excess fiber„over 50 percent in some instances.
The decision to find a more suitable hub location
or alter serving area boundaries to center the hub

Figure 12.  Ideal Mesh Serving Area with 144 Households with Hub Off-Center
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Figure 13.  Excess Fiber Versus Hub Centricity
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should be made after evaluating the potential
savings to be realized. Reworking a network
design in an urban area with an HC of 0.6 and a
fiber cost of $30 per household may not be
warranted to realize a potential savings of $0 to $3
per household. In contrast, a design with an HC
of 0.1 and a fiber cost of $200 per household with
the potential to recover $100 per household most
certainly warrants rework.

CONCLUSIONS

The two primary causes of excessive fiber
deployment„creation of too large a serving

area and poor hub centering„originate in the
planning phase.

Fiber costs of today•s FTTH networks can be
hundreds of dollars per household. Identifying
and removing excessive fiber can save tens to
hundreds of dollars per household.

The amount of fiber per household is directly
proportional to the size of the serving area.
Reducing a serving area by half reduces fiber per
household by 30 to 50 percent. Equipment
utilization is also affected by serving area size.
Fiber cost and equipment cost should be jointly
considered to arrive at an optimum serving area
size.

The network requires the least amount of fiber
when the hub is centered in the serving area.
When the hub is not centered, excess fiber is
required. An HC metric has been developed to
identify how well the hub is centered within the
serving area and to estimate the fiber impact. A
poorly centered hub may double the fiber per
household requirements. With an understanding
of the cost impact, an informed decision can be
made on possible adjustment of hub location or
serving area boundaries. �
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