


Ecology

How can we improve the ecological values and social integration of existing urban
open spaces by re-designing ?

Technology

What would be the new digital methodologies to indicate this re-designing process, and
how to integrate to landscape design ?



Design paradigms recently have an agenda that is based on ecological and environmental concerns.
The dynamic, operational and even physical aspects of this situation have brought the landscape to the
center of design generation, including architecture and urbanism practices. ...

Chris Reed, 2018
Codify |
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In order to make the design computable R
new methods arose out to parametrize the :
design via CAD programs. These systems have ]
attractive effects in terms of defining -
parametric design over CONStraints because 7 Ny Constraints -Rules
many design alternatives can be generated rerrafn (o e )
with several modifications(Jabi; 2013). O PRI g i U W S P :

Therewithal, one-step further, algorithmic ) aiinener 2 8 Al B2 T | Optimisation F--O T
coding and iterative process-based design 3 Barayieter 3 st _ —
methods make it possible to generate more i LsigriAir

' atl . Parameter_Y FA NENE L2 7 A TN T LY
complex design variations from a set of design O ParameterY o/ /' \_ ot
rules and parameters(Petras, Mitasova, O Parameter.T o : :
Petrasova, & Harmon, 2016, Sanjuan & \_ S Y, B e e '
Ramirez, 2016). The algorithms are designed R

framework of design rules (constraints) and to
achieve the optimal scenario called generative
systems. M - Generative Design ---

o produce these alternatives within the Fiarametres
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The Study Area

Istanbul / Kadikoy
Moda Square

sun exposure value // 11 days/hour
average radiation value // 6.6 Kwh/m?-day

average temperature values reaches // 28 degrees
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Istanbul / Kadikoy

Moda Square



F Design Thinking Workflow

ORISR SRR

Data Gathering / Digitalization Definning Parameters

1

& & & & & @

Field Observations
Base map
Arial Photo

Area boundaries
Building heights
Vegetation type-count
Vegetation location
Human usage patterns
Attraction spots

”

Rhinoceros(5.0)

[Populate Tree modeling]

+ Treetype-count
+ Max-min sizes s Trees

¢ Selection randomization = Surface
* Positioning seeds

Rhinoceros(5.0)

Grasshopper Grasshopper
Ladybug add-on
O Design Parameters O Restraining Parameters

s Buildings

* Epw wether file

Rhinoceras(5.0) C Restraining Parameters

Grasshopper [Human Movement Simulation]

Cluelea add-on

* Movement Environment
{Buildings-strest)

e Boid algorithm

s Predominnatly usage
[start-target points)

+ Attraction points

s Obstacles
(trees, surface types)

s Seek force
(to shaded arsas)

[Microclimatic and Radiation Matrix]

. Constraints

Rhinoceros(5.0)
Grasshopper
Functions and Values

' Main Constraint
Minimizing sun exposed area value

O Neutral Conditions
* Tree type selection randomization value
* Tree max-min size values
* Tree cap min proximity function
(to overlap max %30)
» Tree proximity max funtion
(to design elemeants cosxistence)
* Human usage axes and tree
positioning funtion
(to keep open predominanly usage axes)
& Movement area limiting function
{to keep the design elements inside the site
with 2 m paverment)

....(................................... T s EEEEssEEEIEEEEEsEEEEsEEEEEEEEEEEEEESE

v O Main Objective

~ Parameter Definition Chain

Evolutionary Solver and Generative Modeling

Rhinoceros({5.0)
Grasshopper
Galapagos Solver Algorithm

Minimizing sun exposed areas

* Controllers
All values and Funtion definitions

Rhinoceros(5.0)
Grasshopper
Cuadtree Algorithm

O inputs
» Tree positioning point data
* Mowvement axes point data

O Qutputs

» Vegetation covered areas “-* unit vector
» Walking path ways *0 " unit vector
» Sitting places “+* unit vector

(................................................'
Solver Definition Chain



Map Restoration
Arial Photo

External Data
Field Observation
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Data
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Buildings heightsQ-
Vegetation types-QO .
count sroghass :
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Vegetation /ocaz‘/'ono

- T _ Data Gatherin

Human usage
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Attraction PointsQ ...

patterns

EFpw Weatherfile



1. STEP

BUILDINGS MODELLING = &~

-] _ Digitalization

Rhinoceros view Grasshoper view



2 Defining Parameters
Rhinoceros 3D - Grasshopper

Design Parameters // Restraining Parameters //

Tree modelling Microclimatic analysis User simulation
Solar Radiation Base model O
Tree types- Counts O Buildings O Boild algorithim O
Max-min sizes O Trees O Predominantly usage axes O
Selection O Surface O Attraction Points (start-end O
randomization O Fow weatherfile O points) O
Fositioning Obstacles (trees surface types) O

Seek force (to shaded areas)
Ladybug Add-on Quela Add-on



TREE MODELLING

2 Defining Parameters

Rhinoceros 3D - Grasshopper
Design Parameters //

Tree modelling

Tree types- Counts O
Max-min sizes O
Selection O
randomization O

Tree 1 count

Positioning

Jree types
Melia azedarach

Ligustrum japonica excelsum Randomize Tree 2 count
Jotal tree count ‘ =]

Existing : 25
Projected . min 15 — max -30

Selection randomization

Positioning - Point data




TREE1 D

C.1/l Tree Size

2 _ Defining Parameters

Rhinoceros 3D - Grasshopper
Design Parameters //

Tree modelling

Tree types- Counts O
Max-min sizes O
Selection O
randomization O
Positioning

/ g Y ges
v g
A
— >

C.2 /] Tree Size

sso- . I A s
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Max-Min Size




2 _ Defining Parameters

Rhinoceros 3D - Grasshopper
Restraining Parameters //

Microclimatic analysis

Buildings O

Trees O

Surface Q

Epw weatherfile O

v RN
N\ //UTCI A

X

N,

\ N,
N,
B

Sun exposure
Wind Effect
Aspect elc.



2 Defining Parameters

Rhinoceros 3D - Grasshopper
Restraining Parameters //
Solar Radiation
Buildings O
Trees O

Surface QO
Epw weatherfile O

Solar radiation matrix




2 _ Defining Parameters

Rhinoceros 3D - Grasshopper
Restraining Parameters //

Solar Radiation

Buildings O

Trees O

Surtace O

Fow weatherfile O

https://www.energyplus.net/weather-
download/europe_wmo_region_6/TUR//
TUR_Istanbul.170600_IWEC/all

Between
2003 — 2017 weather data

Analyse periods //

From mid June to mid September
At high noon (11am -4 pm)

elms (1%)




2 _ Defining Parameters

Rhinoceros 3D - Grasshopper

Restraining Parameters //

User simulation

Base model O

Boild algorithim Q

Predominantly usage axes Q

Attraction Points (start-end Q

poInts) O

Obstacles (trees surface types) O
Seek force (to shaded areas)

Human usage pattern
Simulation was run
By using Quela Add-on




HUMAN MOVEMENT SIMULATION

2 _ Defining Parameters

Rhinoceros 3D - Grasshopper

Restraining Parameters //

User simulation

Base model O

Boild algorithim Q
Predominantly usage axes Q
Attraction Points (start-end Q

poInts) O
Obstacles (trees surface types) O

Seek force (to shaded areas)

To mimic the behavior of the queleas as
people in the open spaces, such as walking
around was provided with wonder force, and
making shaded areas more preferred as
walking axes was defined with seek force. In
addition to these point data and addlitional
forces, the simulation was created based on
swarm behavior rules from the Boids
algorithm with separation, alignment and
cohesion forces.




2 Defining Parameters

Rhinoceros 3D - Grasshopper

Restraining Parameters //

User simulation

Base model O

Boild algorithim Q
Predominantly usage axes Q
Attraction Points (start-end Q
points) O

Obstacles (trees surface types) O

Seek force (to shaded areas)

Recording the point data
and converting to line data
as walking pathways.



-3 _ Constraints

Rhinoceros 3D - Grasshopper

Functions and Values //

Neutral Conditions // Tree Relations

Tree type selection randomization value
Tree max-min size values

Tree cap min proximity function

(to overlap max %30)

Tree proximity max funtion

(to design elements coexistence)

Neutral Conditions // Spatial relations

Human usage axes and tree
positioning funtion

(to keep open predominanly usage
axes)

Movement area limiting function

(to keep the design elements inside the
site

with 2 m pavement)

Main Condition

Minimizing sun exposed area value



TRee1 D

- 3 _ Constraints
Rhinoceros 3D - Grasshopper

C.1// Tree Size

Functions and Values //

{0:0}
U0 2.79174

e 0s0 )

Neutral Conditions // Tree Relations

Tree type selection randomization value
Tree max-min size values

Tree cap min proximity function

(to overlap max %30)

Tree proximity max funtion

(to design elements coexistence) Tree 1 count

{0;0}
0|{79.90417¢, 101.010882, 0.0}
1/{107.032759, 82.45706%, 0.0}
2((89.436518, 77.432702, 0.0}
3|{e5.59881, B84.448813, 0.0}
4|/{76.160755, 94.663621, 0.0}

These values defined with tree modeling

stage. - Randomize Tree 2 count

{0:0}

0 {#9.B8020€8, B7.50715, 0.0}

1 {78.7514987, B2.853282, 0.0}
2 {99.940496, 924.838282, 0.0}
= 3|{72.456887, 109.15325%, 0.0}
4 /{93.30978, 53.308246, 0.0}

5 {85.810523, 94.870245, 0.0}
6/{73.849249, 104.656793, 0.0}
T 1a7 8a7618 74 ATIZA4 001




- 3 _ Constraints

Rhinoceros 3D - Grasshopper

Functions and Values //
TREE CONSTRAINTS

Neutral Conditions // Tree Relations

C.2 // Distance between trees can not be smaller than tree caps.

Tree type selection randomization value
Tree max-min size values

Tree cap min proximity function

(to overlap max %30)

Tree proximity max funtion

(to design elements coexistence)

Min proximity — caps overlap max %30
Max proximity — area boundary



+ 3 Constraints
Rhinoceros 3D - Grasshopper

Functions and Values //
Proximity of area boundaries

Neutral Conditions // Spatial relations

( % If(x>2, true, false) |R [P

Human usage axes and tree
positioning funtion

(to keep open predominanly usage
axes)

Movement area limiting function

(to keep the design elements inside the
site

with 2 m pavement
Inside a?ea that C)OS@ to maximum 2

m to reach the area boundary.

10501

0 1.517584 {0;0} l
11701664 |
2 0.833554

{ 3 1.459751

4 10.202343

5 1.938517

€ 4.314434

0 {10B.403002, 54.725361, 0.0}

{ 1 {67.458158, B4.742057, 0.0} |
2 {98.925217, 70.702245, 0.0}

3 {81.38211, 105.01802, 0.0}

4 {110.731176, 80.320914, 0.0}

With 3 main predominantly usage axes
emerge acceptance, tree positionings
was restricted to keep open usage
pattern.



+ 4 _ Evolutionary Solver and Generative Modelling

Rhinoceros 3D - Grasshopper

Constraint Function // Galapagos Solver Algorithm
//
Controllers Controllers
Tree positioning point data All values and Funtion
definitions

Main Objective

Provide tree constraints Main Objective

Minimizing sun exposed areas

Optimizations
By using Galapagos Grasshopper Evolutionary Solver,
And constarint functions that defined.

Quadtree Algorithm//

Inputs

Tree positioning point
data

Movement axes point
data

Outputs

Vegetation covered
areas

Walking path ways
Sitting places

"0

" n
+

“unit vector

" unit vector
unit vector



-

Evolutionary Solver and Generative Modelling

Rhinoceros 3D - Grasshopper

Constraint Function //

Controllers

Tree positioning point data
Main Objective

Provide tree constraints

Optimizations
By using " move function’

First List

0 {l08.405002, 94.725561, 0.0}
1 {99.160552, E1.6944€E, 0.0}
Z {E4.9654983, E5.84243Z, 0.0}
3 (98.084331, 50.345%, 0.0}

{or

{0:0}

{10E.408002, 5%.729%6L, 0.0}
{€7.458158, 94 2057, 0.0}
{$8.925217, 70.702245, 0.0}
181.38211, 10%.01802, 0.0}

184.965433, 45.842432, 0.0}
{110.7231176, B80.32081%, 0.0}
{83.187182, 87.577762, 0.0}
{87.314658, 731.726086, 0.0}
1§9.160852, 81.854488, 0.0}
{68.25533%5, 109.541411, 0.0}
{76.160755, S4.€63621, 0.0}
11 {115.362161, B7.506%16, 0.0}
12 {$8.084331, $0.3458, 0.0}

13|(76.87888, 7$.118307, 0.0}

14 {71.162534, 101.690016, 0.0}
15 {85.810523, $4.970245, 0.0}
1€ {106.100122, 72.322734, 0.0}
17 {101.471084, SE.S25605, 0.0)
18| (75.843708, 27.021582, 0.0}
15|{75.327184, 106.66353L, 0.0}

R L]

-
=

that defined via tree constraints.

Last List

{104.847258, 57.284306, 0.0}

{95.
(83.
(98,

(78.
(93,

S9E8ELl, E4.443E812, 0.0}
247746, 83.631182, 0.0}
EQ2083, 87.5071%, 0.0}
187844, 81.988087, 0.0}
20878, 93.303246, 0.0}
02,19 0.0

(L]

(10€.854724, $0.751813, 0.0)
171.108473, 8E,955466, 0.0}
{987.857813, 74.68712€4, 0.0}
{79.904176, 101.0108382, 0.0}
{83.24774€, 83.631182, 0.0}
(107.032785, 82.45T0&5, 0.0)
193.30878, 93.30324€, 0.0}

{85.436513, 77.432702, 0.0}
{95.59861, E4.443813, 0.0}

{72.456987, 10§.153257, 0.0}
(7€.160788, §4.883821, 0.0}
1111.338607, a8.5395, 0.0}

{95.6020€3, 87.50715, 0.0}

{78.751497, 82.953282, 0.0}
{71.162534, 101.€5001&, 0.0}
(85.810823, 94.970245, 0.0}
{104.265275, T6.189518, 0.0}
{95.940496, 94.938282, 0.0}
{75.643705, 87.021%82, 0.0}
{73.64524%, 104.656783, 0.0}
($2.73161%, 74.7288¢7, 0.0}




+ 4 _ Evolutionary Solver and Generative Modelling

Rhinoceros 3D - Grasshopper

Randomize Tree 2 count

Galapagos Solver Algorithm //

Reet D tree2 E‘
Controllers C.1// Tree Size ¢ 4 Tree Size
All values and Funtion
definitions
Main Objective
Minimizing sun exposed areas EVOLUTIONARY
SOLVER

N
y




+ 4 Evolutionary Solver and Generative quelh}wg

Rhinoceros 3D - Grasshopper \ N\ \

Quadtree Algorithm//

Inputs
Tree positioning point Y
data
Movement axes point g F Sve L
data SN T

v~~—-Ll =
!AJ l IT._{ ‘};

......

Outputs S S

Vegetation covered - " unit vector
areas ‘0 " unit vector A A

Walking path ways +" unit vector /7
Sitting places /




F - Findings




F Model Workflow

Simulation Analaysis Solver

1
1
I
' . : User I microclimate constraints
- (Attractlon Pomts) : "
| | "'j.i--KShadow elements) (Sun exposed areas}D--: ~ —(Tree points ) "-----(Usage Axes

:_.,....(Obstacles ) (Movement Flow })l : (New tree Iocationsp“.f
' N — & WeatherValues ) (Shadow areas )D--".‘_:-------(Surface Radiation)

e
——————

)

:"----(Vegetation Area )

(4 )vector

: |
;-"""E"""(Seek Points )




Emty Existing Evolutionary Solver Algorithm Generative Algorithm
Design Surface //
Consist of boundaries Surface // Surface // % 95 impermable
that shaped by roads. % 34 impermable. After 1279m?2 Before the surface

Findings

Cemhiyabiaryete ver
Algorithm

Solar Radiation Matrix //
Sun Exposure depends on
only sun rays and building

positioning.

Usage patern //
Spread around the
Side

Recorded 30 sec.

Microclimatic Analysis//

(with wind and sun exposure
direction)

Open space feeling Condition value

the surface
manipulation.
849 m2

Tree count 26
T8
T2 | 18

Surface
radiation //
maximum % 26
of the area was
directly sun
exposed

Human usage pattern //
Environmental interaction
is high and also because
of the fractality of
designed area usage
interaction is high.

4 unit inside the area.

Area microclimatic
condition // open space
usage is high %12 of the
area’ sdegree higher
than 27° C

Users could reach only
impermable surfaces.

manipulation.

Tree count 26
T8
T2 | 18

Surface
radiation //
maximum % 34
of the area was
directly sun
exposed

Human usage
pattern //
Sepreaded,
environmental
interaction is
high.

Area microclimatic
condition // open space
usage is high  %17,5 of
the area’ s degree
higher than 27° C

Users could reach only
impermable surfaces.



F Findings

Impermable Surface /7 % 68

Microclimatic effect // %33
higher than 27° C

Solar Radiation // % 47

directly sun exposed

Social Interaction // Low
environmental interaction is low,
but 4 unit is inside the area.

Se

o>

%

QQQ

Tree count 24
1|6
T2 | 18

Existing Situation

Impermable Surface /7 % 34

Microclimatic ettect // %12

higher than 27° C

Solar Radiation // % 26
directly sun exposed

Social Interaction /7 High
environmental interaction is high,
and also 4 unitis  inside the area.

Tree count 26
118
T2 | 18

Generated Situation



F Findings

The generated design surface has
different features like sitting walls,
vegetation patches, and walking
pathways.




. Conclusion

+ While this study proposed a design outcome, it was tested the effects of landscape elements by the instrumentality
of algorithmic design process.

* This model was intended to be produced in a single and integrative definition so that it can be seen instantly how
inputs and outputs affect each other.

* Parameters that used in the model, can describe the conditions that provide the appropriate environment for the
creation of landscape design; however, the model can be developed by defining more and detailed parameters.

+ However constraints and rule functions works, tree positionings and identified usage areas creation should be
defined more precisesly because one tree and also some sitting areas were loctaed too close to the edge and

sidewalk
- Futtre Works
* The tree features, which were used as the design parameters, can be introduced into the model in a way that
carries all the characteristics of the field.

* A model can be developed with more detailed and variated microclimatic analysis outputs

+ New definitions can be developed through ecological cycles by evaluating the material properties of the design

surface.
&
In order to make the simulation more consistent, input data which were collected from the location-based

observations can be used as more statistical and recorded data.

+
Generative design stage should be consider to create different method to acheive more soft design lines.
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