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& The Jjapanese Sociely for Artificial Intelligence

https://www.ai-gakkai.or.jp/en/resource/aimap/
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Google is using Al to design its next generation of
Al chips more quickly than humans can

Designs that take humans months can be matched or beaten by Al in six hours

By James Vincent | Jun 10, 2021, 9:13am EDT
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The algorithms were used to design an upcoming version of Google’s TPU chips. Pictured above is TPUv2, announced in
2017. | Image: Google










Generative Design in Revit

https://knowledge.autodesk.com/support/revit-products/learn-explore/caas/CloudHelp/cloudhelp/2021/ENU/Revit-Model/files/GUID-3A46B6C0-6D24-4B34-892F-4F4832BB123D-htm.html



Generative Design ?

Cixtol @ 7 ol
- Design requirements, Parameters, Inputs ...

CIXEQI A A

- Actual design models can be generated by computers
- All are fit to the requirements, parameters, etc.

22X
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N @ - Final design can be selected by designer




Optioneering ?

option + engineering : creation of options that are arrived at through informed decision making

An approach where designers create multiple variations of a design proposal and evaluate those in
regard to diverse performance criteria that were set out at the beginning of the design process

- Solutions driven through automated optimization processes in the evaluation of multi — criteria
objectives

- Goal is to provide users with the choice of array of possible design options
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w Generative Design Demo: Auto-modeling of office furniture layout i
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Deep-learning model

Image Analysis
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BIM Model

Floorplan analysis via
deep-learning algorithms

Automatic creation of BIM model
using drawing images in progress
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8 Cameras 3-Dimensional “Vector Space”




Improved Depth & Velocity From Video Architecture

Predicted Longitudinal Velocity




Vector Space Edges and Lines




Detections: SingleCam -> MultiCam

Single-Ca
[ Multi-Cam




Camera Input

1280x960 12-Bit (HDR) @ 36Hz

raw




Biological Visual Cortex Wiring
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123 Eastern Interior Images
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Image Source :

Korean Cultural Heritage Administration
(http://www.cha.go.kr/cha/idx/Index.do?mn=NS_01)

Japanese Cultural Heritage Online
(http://bunka.nii.ac.jp/)

Google Image search

166 Western Interior Images
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Image Source :

RIBA (Royal Institute of British
ArChiteCtS) (https://www.architecture.com/)
Google Image search



https://www.architecture.com/
http://www.cha.go.kr/cha/idx/Index.do?mn=NS_01
http://bunka.nii.ac.jp/

Eastern =0.99327 Eastern = 0.98032
Western = 0.00673 Western = 0.01968



Eastern =0.12208 Eastern =0.14384
Western = 0.87792 Western = 0.85616
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] Scope of work

Domain Knowledge-based approach

"
1
! . . .
Automated Object Detection _i. Automated Extractlop of Ir.iterlor Design
Elements and their Design Feature

—l Applications(Future Works)

1. Database system managing
interior images with interior
design information

2. Tools for Interior Design
Analysis and recommendation

| General Object Label | Design Feature Information | | -

Object1: "Sofa”
Object2: "Door” Object1: “Sofa”
Object3: “Table”

Object4: “Side table”
Object5: “Ottoman”

Design Features1 - Design style : natural
Design Features2 - Seating capacity : Two
Design Features3 - Materials : Fabric
Design Features4 - Functional feature :
Armrest / Backrest

v From General purpose to Architectural Design domain-specific Application
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Target design element (object) : Seating and some of its design related features

Interior design element

Furniture

Furnishing

Lighting

Wall

Window

Target design features

/—

Functional
Feature _\ Seat Matenal Seating Capacity Style
4 B X
" A~ '
! 1 ' J ! % Leather Fabric One Two L by
N eadrest Backrest ? | | Classic Tropical
headrest 7 ! —_
y \ ye \ | ——
‘ LOLIY o s L N
Arm, back, Wood Plastic Velvet m —
\ Arm, backrest headrest/ / \ Four / \_Modern Scandinavian /
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. Testing Results — materials
Testing Results —style 9

Fabric Leather Plastic Velvet Wood
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77.5% (93/120)  86.66% (104/120) 82.5% (99/120)  84.16% (101/120)  95.83% (115/120)
One Tes:";g Results - caﬁi:;iy Four Testing Results — materials
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Interior Design Reference Images of Apartment in Korea

Bathroom 1000
images)

Bedroom 1000 images)

Entrance(1000 images)

Kitchen(1000 images)

Living room 1000 images)

test banh 08 o

Tast_ned 13 jog

Test oed_21)pg

Tait_bed_14 jog

Tex ed 22403

Entrance_140.jpg Entrance _141.jpg

b

Entrance_220.jpg  Entrance_228.jpg

Ll kitthen_25.89

1

<t kitehan 35 jog

e titchien 28.j0g

- |

2 dtchen 36 o3

test_lving 40,09 test_tvng 21.po

h
/

'\

E

lvrg 47,09 test ving 48,09

* Image Source : Interior design information sharing SNS; https://ohou.se/ and http://www.zipdoc.co.kr/




GUI Snapshot

7 MainWindow

File

Image List

Traning  Recognition

Results

Target_img

1 resized_Test ba .
2 resized Test ba...
3 resized_Test_ba...
4 resized Test_ba. .
5 resized Test ba...
6 resized_Test_ba...

7 resized_Test ba .

+ Design Style

Open
Setting
Room Usage
Run Save
Setting

Target_img
1 resized_Test_bath_01

resized_Test_bath_05
resized_Test_bath_06
resized_Test_bath_07

test_entrance amateur_01

W = oW

test_entrance_amateur_02
10 test_entrance_amateur_ 03
11 test_entrance_amateur_04
12 test_entrance_amateur_(05
13 test_entrance_amateur_06

14 test_entrance_amateur_07

<

Category_1 Result_1

bathroom

bathroom
bathroom
entrance
entrance
entrance
entrance
entrance
entrance
entrance

entrance

99.18%

99.81%
99.39%
59.61%
99.83%
96.38%
99.44%
92.14%
99.49%
97.57%
86.33%

Category_2 Result 2 *

kitchen

entrance
entrance
bathroom
bathroom
bathroom
bathroom
livingroom
bathroom
bathroom
kitchen

0.64%

0.15%
051%
36.07%
0.07%
3.34%
0.45%
3.16%
0.30%
1.52%
485%

Target Image




Design Style of Living room

Classic style(200 images)

Modern style(2o0 images)

Natural style (200 images)

Elegant style (200

images)

Casual style (200 images)
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Casual Style (120 images)
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Modern Style (120 images)
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Natural Style (120 images)
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Examples of results of recognition of design style

1X} 2%t 3%t 4K}t
Style
Image Results Results Image Results Image Results
7 3
Classic : § . classic(98%) classic(52%) classic(66%) | classic(90%)
' elegant(1%) elegant(39%) elegant(34%) elegant(5%)
Modern ' ?l modern(97%) modern(94%) modern(87%)
&
\//.““ natural(2%) natural(3%) natural(13%)
Natural natural(98%) natural(76%) natural(88%) natural(67%)
modern(2%) modern(22%) casual(9%) casual(30%)
Elegant elegant(45%) elegant(97%) ”.A‘h f .':.“\‘j\ elegant(93%) elegant(94%)
natural(30%) classic(2%) | - ;"{fl-_—;“‘ casual(2%) classic(5%)
Casual casual(99%) |ims casual(96%) casual(96%) |, casual(99%)
natural(1%) elegant(2%) modern(3%) |; natural(1%)
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BIM BE9] Unknown Object — =2 5! Ol Al
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Object Type: Unknown
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Storey  Result Type  Message -
1= SUCCESS Z AHWindow, 2| E:0.325
1= SUCCESS E AHWindow, 2 E:0.325
4= SUCCESS E AHWindow, $1 2 E:0.325
4= SUCCESS Z AHWindow, 42| £:0.325
4= SUCCESS = abWindow, 2| E:0.325
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Automated BIM Object Classification
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Original Sentence

(The height of the wall should be less than 3 meters)

(The, helght, of, the, wall, should, be, less, than, 3, meters)

Preprocessing

OBJ PRO PVA  OPE

4 o (9.2, oe o9 = . =
Entity Recognition
Ty gn The,height] of, the,|wall] should, be}less, than][3, meters]
PRO OBJ OPE PVA
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+ POS-Tagging
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1
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-1
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Pre-trained embedding model
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