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MAPPING SUN-SET VIEW EFFECTS

Modeling Geographic S pace

Goals

Generate a new grid on which values ranging from 0
to 5 indicate the likelihood that any given pixel will

have its future sunset views be affected by a soon-
to-be-sited cell phone tower.

Understanding of the Goal

Basically, this task consists of two main parts.

Part A: Siting the cell phone tower
1. Finding a suitable place for this “soon-to-be-sited” cell phone tower
2. Finding the sunset direction for this place

Part B: Grading & mapping the sun-set view effect
3. Define what is “sun-set view effect”

4. Setting different levels of "Sun-set view effect" and giving
corresponding values when creating the new raster.

3. Definition of Sun-set View Effect

Since the height of new tower is not sure, | would define the effect as:

If you can see any part of the tower when its height is 5 meters from your
place, you will see more of it when its height exceeds 5 meters. The sooner
you see any part of a cell phone tower when its height increases, the more
likely your position is to be affected by this cell phone tower when you view
the sun-set.

\
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2.5un-set time, azimuth of the sun, and view scope.

We use the Feb-25, 2018 data from:
https://www.suncalc.org/#/39.9588,-82.9947,12/2018.02.25/18:18/1/0

From the sun-set time, we can set it as 18:18pm since the altitude of sun is
still positive, and the corresponding azimuth is 258.93°.
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o If a cell phone tower clearly appears in

your visual view, then it partly
influences the sun-set view from your
eye. Current research has shown
human's visual limit of two eyes is
124°. So we set the scope of residents

148.104.578

0.01°
258.93°

4615.90

visual view as 124°.

Based on the sun-set azimuth and human'’s visual limit, the visual scope of
affected area should be:

(Azimuth-180-62, Azimuth-180+62)

The angle scope is (16.93°,140.93°)
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https://www.suncalc.org/#/39.9588,-82.9947,12/2018.02.25/18:18/1/0
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Part A: Siting a cell phone tower.

What's important for a new cell phone tower is: its users, its convenience of
maintenance, its counter-positional relationship with built towers.

For the users' factor, we believe the denser road a pixel has in its
neighborhood, the more likely it is to have more users. The higher grade the
road is, the more likely it is to gather large user groups. So we choose the
road raster and apply several “smoothing" steps to find those pixels with
highest road value using focal statistics.

For the convenience of maintenance, we use Euclidean distance to select
pixels whose distance to roads are less than 100 meters.

For the position, we use Euclidean distance to find pixels whose distance to
current towers are less than 5000 meters. New tower should avoid these
pixels so that the services wouldn't be largely overlapped.

Step1: Finding pixels with high road value through “smoothing".

We directly use road raster and do 4 focal statistics-MEANSs. Considering the
cell size is 5m*5m, we set the method as: triangle with 200 * 200 cells. So
each time we do a "smoothing" step, we consider the average road within
1000m * 1000m neighborhood.

# Focal Statistics
Since we check “ignore NoData in
calculation”, every time we do a "smoothing", Input raster
the edge of the raster will expand by 100 lroads
cells, which is 1000m. Quiputyaeter _
IC: \Users\Kevin Long\Documents\Penn\18 Spri
(The edge of smoothing layers has some Neighborhood (optional)
strange peaks because neighborhood Recande =
calculation has expanded the raster size. Neharioos Setigs
Most high picks on edges are not located in Height:
original maps, so we should pay attention not et
to include them.):..- ! '
—Roads ol Units: @ Cell O M
Statistics type (optional)
[MEAN
lgnore NoData in calculations {optional)

Legend
[ 0= Nan-road
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Larger than original raster

Road_rec
- _‘ "‘-

Smo4

Smo3

[ |

Kefan Long ASSi

Road_final
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Raster calculator]

“road_rec"” * "mask”
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All road values set equal to 1

Reclassify: quantile-5
classes

“smoothing”

“smoothing”

“smoothing”

“smoothing”
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Step 2: Maintenance Factor
[SetNull(“Roads” == 0, “Roads”")

~Road

Legend

[ ] 1 =Miner Street
I : = vcior Street
B : = winer Raad
[ 4 = Msjor Road

I 5 = Major Highway

Legend
[ o-sms2e00812

[ T T p——
[ +.152.490003 - 1.724.740054
1.728.749855 - 2.304.959005
2,304 999805 - 2,581 48755
2,551 243757 - 3457 299707
3,457 499708 - 4.097.749655
4,038 749650 - 4,608 899600
4,508 39981 - 5.185.2395A1
M 556 249562 - 5.762.499512

0-100->1;
Other value -> NoData

Suitable_dis

Legend
[ distance < 100m
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Step 3: Avoiding Current Towers Step 4: Site Selection

Final_raster + Road

Legend

X CelTowers

[ | distance < 100m
T ¥ Euclidean Distance

To CellTowers

0-5000->1;
Other Value -> NoData.

Tower_area

Legend

¥ CellTowers
Il istance < 5000m
[ distance = 100m

Transparenc

Change the “Road_final”
transparency to 50% and put
it between “Suitable_dis" and
“Tower_area”. Then we can
see the darkest area that are
not covered by circles are the
suitable places for this new

Legend

1 CellTowers

|:| 1 = Minor Street
- 2 = Major Street
- 3 = Minor Road
I:I 4 = Major Road

- 5 = Major Highway

[Check possible options and select]

We overlap the “Road” raster on the "Final_raster” to
see the three options.

Final_raster

L+ A\

Based on the current roads, option B has clearly larger
road density than option A and C. So | would select site
B as the place for this new cell phone tower.

tower. - distance < 5000m
l Value
1 - Lowest
2
3
4
Legend
¥ callowars - 5 - Highest
[ cisience < 5000m .
va\uad B :l distance < 100m
1- Lowest
F
3
4
P 5 Highest

[ distance < 100m
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Part B: Grading & mapping the sun-set view effect We set the 60m line because any tower that is over than 200ft will require
o ) exrtra approval. And the 250m line is the height of Sutro Tower, one of the
Step1: Explaining the sun-view effect. highest cell phone tower around the world.
el zom “om Step2: Calculating Viewshed for 10m,20m,30m,40m,60m,250m.

Legend

X o |Add Field called “OFFSETA'|

elevation 1.For each point layer, right click to open its attribute
Value table.
oy Hioh 548 )

2.Add a field called “OFFSETA"(no wrong spell!)

Low : 34
3.Edit each point layer to add height to the OFFSETA
field.

X

A Elevation + New_tower
_ 4 |Add 6 new shapefiles + each add a point]
For each shapefile, edit it and add a point on the same
- L
-

place of B, which we find most suitable for the new
B H
\ 4

tower.
c

Can you tell which pictures are more “affected” by the tower between
(A,170m), (B,20m), (C,40m)? Probably there isn't a fixed answer, because the
view is subjective, and we can judge the affect by the tower's visual
proportion or its position on the view. But we can tell that place A is more
“affected" by the reason that 10-meter tower appears on its view. For the
same reason, B is more "affected” than C.

po,
¥

|Viewshed Calculation|

For each point layer, calculate its viewshed on the
elevation raster, we will get 6 rasters of 1-0. T means
visible. while 0 means not visible.

So we can define this “sun-set effect” by setting a list of tower heights and
calculating viewsheds. Below is the affect chart we select.

Height 10m 20m 30m 40m 60m 250m

Class 5 4 3 2 1 0
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Step3 : Viewsheds calculation and reclassify.

If you can see any part of the tower when its height is 5 meters from your
place, you will see more of it when its height exceeds 5 meters.

Since all viewshed rasters are “1-0" rasters, which 1 means visible and 0
means not visible, we can simply use raster calculator to add all these
viewsheds. The higher value a pixel has in resulting raster, the more likely it
is to be “affected"” visually by this tower. (Due to our definition.)

Raster Calculato

The formula is:
“OFFSETA_10" + "OFFSTEA_20" + "OFFSETA_30" + "OFFSETA_40" + "OFFSETA_60" + "OFFSETA_250"

Sum_viewsheds
In this raster,

0 means the tower is not visible when its height is
lower than 250m,

1 means the tower is visible between height 60m
and 250m,

2 means the tower is visible between height
40m and 60m,

Legend . .
X v 3 Means the tower is visible

Value between height 30m to 40m,

11 4 means the tower is visible between
2 height 20m to 30m,

3
: . L
) i B 5 means the tower is visible between
o J-s v o B:  hejght 10m to 20m (10m not included),

6 means the tower is visible between height 0 to 10m.

To let it have the same value as affect chart, we use reclassify.

f\ffect_class R Redessity
* Reclassify
Input raster

Input raster - .

|sum_viewshed |direction

Redass field Redass field

Value Value

Redlassification Legend Redassification

X v tover
0 Nobata Value
1 0 [Jo Legend 0-196.93 NoData
2 1 i+ ¥ oreniou 196.93-320.93 1
2 2 = - 320.93-360 NoData
: : K NoData NoData
6 5 lllld

NoData NoData #ﬁ‘:"

Value
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Step4 : Finding the affected direction.

From previous part, we calculated the angle scope that a visual object can
affect in the Franklin County during its sun-set, and the scope is
(16.93°,140.93°).

To find this visual scope, we apply Euclidean direction to the new tower.

[Property |-{Symbology|-[Stretched Colod

Dir_newtower » Dir_newtower

Legend

b e

value

[Jpaei;

[ worh 225

[ Marheast (22567 5}

[ esstersins
Southe s

Legend

X new_tover

direction

Value
High : 360

Low:0

Seeing from the stretch symbology, the Euclidean direction layer is
calculated counter-clockwise, which is the same as azimuth, but
starts from south. We should add 180 to the original angle scope,
which turns out to be (196.93°,320.93°). This is the angle scope that

the object might influence, and we can use reclassify to keep it.

Dir_mask

lll High : 548

Low :34
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Step5 : Keeps the viewshed pixels within the scope.

Although we have graded the affect level in step 3, we need to know that step ~ View in ArcScene
3 didn't involve any directions. This means you may see this tower in a

o . S Copy and paste the final class layer and the elevation layer to ArcScene.
direction that is not the sun-set direction.

From the 3-D view, it is easy to distinguish these pixels that are affected by

To keep those pixels that fall into the sun-set view direction, we use raster this new tower when it is sun-set time.
calculator.

Affect_class Dir_mask

Legend

X rew_tover

Legend
X e tower
&

elevation

Value
High : 548

Low: 34

Raster Calculato

The formula is:
“Affect_class" * “Dir_mask"

v

Legend
Attention:

Here I did not give value zero to all other pixels. Because

1 new_tower

ArcScene Layer Properties Setting

Value
| want to use zero to represent a very small possibility [0 = Aimost ot Affected Layer Propertics
that the pixels might be influenced by new tower on the [
sun-set view. There are three conditions: 0= General | Source | Extent | Display | Symbology| Base Heights [Time | Rendering
a.The pixels that fall out of the sun-set angle scope is B
hardly influenced on its sun-set view. P
b. The possibility of the new tower to have a height that I 5 - vost Atected Elevation from surfaces
is higher than 250 is impossible. =l - Minor Streat e elevation values fiom a surface
= Minor Streel .
c.Besides, the possibility of the new tower to have a I 2 - aior Steest @ Fioating on  custom surface:
height that is higher than 60m is very small. I - Winor Road |C:\Usas‘0(em Long'DocumentsPenn} 18 Spring\LARP-74 L\weeks \Week0sDataOnFran v|
= MiInor Roa
I finally choose to only keep condition ¢ as zero. For [ 4 = Major Road Raster Resolution. ..
condition a and b, it is impossible to happen in such a [ 5 - Major Highwa
small town. So pixels that fall in condition a and b are . jor Highway Elevation from features
all set to null, and only condition c¢ pixels are kept as \el'elvam’" No feature-based heights
alue
zero. High : 548 Use elevation values in the layer's features
Low : 34 Factor to convert layer elevation values to scene units: custom v

N
A - — — Viles
0 12525 5 7.5 10



