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DESIGN CHALLENGE

Traditional processes of 3D design iteration in the
Rhino and Grasshopper environments require
manual adjustments and technical expertise,
which can be time-consuming and complex.
These challenges often hinder designers from
focusing on creative exploration and

experimentation, leading to a slower innovation
process.
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HOW MIGHT WE:

empower designers to intuitively explore creative possibilities and generate innovative design
variations to streamline the innovative 3D design iteration process?
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TARGET USERS

s

Architects Product Designers Developers Students Artists
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GOAL:

The goal of this project is to enable users to modify designs intuitively using natural language. This
reduces the barrier for translating abstract ideas into tangible models, accelerates the iteration of
design variations, and introduces Al-generated outputs to spark fresh inspiration.

Ultimately, our solution frees designers from complex tasks, empowers them to experiment without
constraints, and fosters a more fluid, Innovative design process.

Our plugin - Amoeba, integrates a toolkit that fine-tunes GPT models within Grasshopper, and utilizes
the fine-turned model to edit your existing model or generate variations.
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OUR APPROACH - High level overview of plugin architecture

Al-enhanced detailed and

Al-enhanced detailedand pe===== Fine-Tuned Model
executable prompt

executable prompt

OB OB OB O O O N N E W OEOE W
‘-----'--'
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WORKFLOWS

------------------------------------------------------------------------------------------------------------------------------------------------

Training Model: Data production + Fine-Tuning GPT

® Parametric Design Generation for data production
. @ Data Generation and Semantic Annotation to Enhance LLM Understanding

® Dataset Preparation for Fine-Tuning Models

@ Fine-Tuning GPT Models for Customized Design Outputs

------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------

+ Using Model: 2-steps Al

® Two-step Al process involving an Al agent and the fine-tuned model for
. Design Generation

® Display the Al-generated design outputs as Geometry in Rhino

------------------------------------------------------------------------------------------------------------------------------------------------
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WORKFLOWS

.

Training Model: Data production Training Model: Fine-Tuning GPT

Virtural Environement
3rd folder (for mac & win)
| P 2nd folder (for mac & win) —=

Script (Json2Voxel2Json / Obj2Json)

.—‘ ’){’
1 G/Users/zij iesmac/Downloads/CoD/
0.json

{ original_model_file

folder path (for process data)

{0:0}

json

( fo .
tralnlng_flle_folder OScript execution is disabled via toggle.

G/Users/ zijiesmac/Downloads/CoD/
input2/*.json

to

] E L H output_file_path g
o
[ =]
Number sider | 7o ——r— = tossle {3
= o @ Q /Users/zijiesmac/Downloads/
w 009 D. ) “q Seat Size ﬂ:’-ﬁ‘iﬁ s § 1 ) finetune data_gh_output.jsonl
\ i g
Number sider | SoRuataliD- Y Seot Thickness f
O  Back Height > |
O 1.800 0. ——
“q Back Angle —— \
—————H @ > - < @ > < @ > =
< Legs Length
| Number Stider | 050 > Amcestsize
C
" sk-proj-D- K
| Number Stider | 100 p— I ANENER B N o
Y LPGBMF163£Z_2kYCHY2tM3WNOaAAHDY training_file_ID [W-%
- 4 Armrest mﬂ\ 01BkxbOpugT3B1bKFICAWIKBEOE3DYQ (C)
w 300D : ImhDP6F7AaEXHS_JAVXSBKE49sVhKAUA GPT_model g} 1050}
. - CyXeSYmPjdow-GyXA1q8GtPDELIICA q nlepochs ‘s 0Script execution is disabled via toggle.
N S
q batch_size [l
[ )
| 4 ( learning_rate [
=
toggle
{ "gpt-4o-mini-2024-07-18"
L\

<

Using Model: 2-steps Al

.
’

api_koy |

\
:’-_'__"‘"—Q_ input_file_path assiztant_roply B
P— user_input [
s model_id

cuitput_file_path final_cutputl D.\_

%,

- |
7 N
o

Json_file_ist

€ folder_path

obj 2 geo

4
A
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ALL PLUGIN COMPONENTS

"
sl
©
©
c
o
-
©
£
| -
o
7
c
o
rer]
e
o
o

transX D

transY D

transZ D

V4

|

. Training Model: Data production

:

|

: path_out D
: file_out

g folder D
1 ﬂpartname filename D

: thn AoatiD ( geoGuid
: - export_pa

[ |

|

[ |

|

[ |

|

|

|

1 (3 () °
 Training Model: Fine-Tuning GPT

|

|

I f )

' Qoriginal_model_file & key .

(] (7 training_file_ID =%

»  (training_file_folder [ T

I o GPT_model o

: ( Output_file_path g n_epochs -E out )
E ( toggle 'a batch_size ‘E

1 - learning_rate é

: toggle

[ |

<

Using Model: 2-steps Al

24

api_key
input_file_path
user_input
model_id
output_file_path

run_code

assistant_reply D

final_output D
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script_path
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path
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ﬁ
Q
]
)
(@]

part_name

folder

output_json_path D

{ input_json

( folder_path

out > q Json_file_list

folder_path

Jsons 2 Objsl

out
obj_files
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™™™

[ |

json_path
trans_data
part_name
path
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output_file_path
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-
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chair66.3dm (Read only)
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@& PyCharm File Edit View Navigate Code Refactor Run Tools VCS Window  Help

® ® FM finetune_chatgpt-main ~  Version control v

cfs

PROCESS

Process and lterations
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{} finetune_data.jsonl

1

Run

{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
"messages":
{"messages":
"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages":
{"messages"
{"messages":
{"messages"
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{"messages":

jsons2jsonl
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[{"
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}
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Initial Explorations With Different 3D Data Types

Rhino Geometry fp===m== OBJ file ===

Rhino Geometry fp===== OBJ file === -)B

[ G Failed - LLMs are not so good at 3D Geometry J
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GPT API

- == JSON === = === JSON  p==mm== Rhino Geometry
GPT API

--- JSON k=== = === JSON fp===== Rhino Geometry
GPT API

- OBJFile pm==m==m=m=m- JSON |prm==== Rhino Geometry
GPT API

=== JSON === == == JSON |pm==== Rhino Geometry

1 4
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™ Chair As A Demo Example - Dataset Version 1.0

Parametric Chair for Data Production

[ 0 Failed - Too much Data that over the limits of the Fine-turning J
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@ Streamlining Data Iteratively - Dataset Version 2.0

1. Minimum number of points
and faces for model training
and al analysis.

2. Enough variables to make it
easy to create enough data to

Process finished with exit code 0 train the al model.

1 examples may be over the 65536 token 1limit, they will be truncated during fine-tuning
Dataset has ~65536 tokens that will be charged for during training
By default, you'll train for 25 epochs on this dataset

By default, you'll be charged for ~1638400 tokens

Number Slider

Number Slider

Number Slider ‘l 6 < Back Hei:ht @ Result ):c:‘- ==y y : \ Fine'tu rned

Number Slider 0 1.800

|_
[(e}
—
=
ETE (D 3
- mm.

[ Number Slider ‘l -240

GH Parametric Chair

Version 2.0

{ G Failed - Unnecessary meshes might confused GPT J
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2.5
1.2

e Armrest height Armrest length
0.7

m 00000000 O 0o O o|lo o o|lo|o
id
wv
Q
g
£
<
ool wfn gfnfo
0 m st s | | | |
I.MD‘ | T 1 L B
[ =
k]
wy
=1s]
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R I R R A
® o~ — N N NN
&
[=

1.8

seat thickness back height Backa
0.8

seat size

22
23
24
25
26
27
28
29
30

Component Data

Fine-turning Dataset

N
v
>
~N
-
O
n
0
>

# of Meshes

GH Parametric Chair

Version 3.0

@ Generating Data - Dataset Version 3.0

Chair Variations

14
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@ Generating Data - Dataset Version 3.0

Adding Semantic Description to Json Data For Better LLM Understanding

1. Dividing the whole chair into several component parts.

Part Name

2. Adding names and descriptions to each part of the chair,

[
q Geometry H

Backrest

describing both their absolute and relative positions.
3. Composing them into an organized JSON file.

Part Name

Seat Panel

Part Name

L ——=7

"name": "Front Right Leg",

[
q Geometry H

Front Left Leg

"description”: "A vertical support structure located at the fr«

"transformation": |

"I

Part Name

-115.0,

Rear Left Leg

44.0,

Part Name ]

[\

A horizontal surface where the user sits, padded
F E for comfort. This single structure acts as both §

Ahhh\h“::;:jiu

description
Positioned vertically at the rear of the chair, |

providing support for the user’s back. The
bottom edge of the backrest connects to the rear

——
description

.....

the sitting surface and cushicon. It connects to

311 Fanr Tame amd thae hasbract

A |
description
A vertical support structure located at the
front-left corner of the chair. It connects the
seat to the ground.
Balative Dreitinn: Ralaw tha frant—-laft ~arnar af
[ description
A vertical support structure located at the rear-
left corner of the chair. It connects the seat
and/or backrest to the ground.
o Dneitinn: Boalrw tha roaar-laft r~rarnar ~f

i

description

=2.5

\ Geometry

Front Right Leg

Iy

"points": {

~

A vertical support structure located at the
front-right corner of the chair. Tt connects the
seat to the ground.

ra Pracitinne

L Balati Balaw tha Ffrant—=riaht ~Aavrnar

description

I

Part Name

1VH : l

il
Geometry

B vertical support structure located at the

rear-right corner of the chair. It connects the

seat and/or backrest to the ground.

e Pacitimns

N\

Balatiy Ralmaw ffha rasar=virmht ~Aoarnar

Rear Right Leg

Part Name

description

Geometry

[N

Left Armrest

) Cside of the chair, designed to support the user's

2 horizontal structure positioned on the left |
left arm. It connects to the seat panel and, in

[

Part Name ]

‘\.L anma Aacinne tha harkroact nv laft rchair lang

description

Right Armrest
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and,; in some designs; the backrest or right
chair legs.

Relative Position: Extends from the right side

e e T T s U s g g B o I o o |
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® Generating And Preparing Data

From Geometry to Json with Semantic Description

Each part of the Chair

Part Name

V4
1
' |
]
1

Right Armrest

Virtural Environement

1st folder

2nd folder (for mac & win)

Script (Json2Voxel2Json / Obj2Json)

folder path (for pmcess'dala)

fasissytian,/Desktop/MVE/ProcessData/

-

-—

o

3rd folder (for mac & win)

J

out

output_file_path

—]
=
I i — I
|
1
<
(| | (| | |
1 ] 1 1
1 | 1 1
1 ] 1 1
1 | 1 |
1 1
] fUsers/sissytian/Desktop/MVP/venv/bin/python3 ]
1 n
— . 0
- : : Pythoninterpreter_path 02075
1 E; /Users/sissytian/Desktop/MVE/
o /Users/sissytian/Desktop/MVP/obj2jsonlight.py script_path i out 0 ProcessData/2-in-voxelJson/
e D . ﬁ' Right Armrest.json
T = T obj_path [
n E -
partname m f||ename H a :'RJ'_:-\}.".;.-‘-_-iu'l.i','l.'_::.'."F‘c:s.i;t.usi.*'[-:'-.'E.*'.'-‘:m.'c.s.';:uL.J..-' path - | |
e l-in-objFiles/Right Armrest.obj 1 (o | . 1 ison path
2 ) - . q part_name ;E‘ output_json_path D I =
< D 1 1 trans_data
> [ « folder 1
. out i 0 — part_name
o o= = == om = i ( 2=-in-voxelJson/
1 1 | path
inti transX 1 1 e
description i { description
or right chair legs. genGuid 1 folder name
Relative Position: Extends from 1 ‘1 e An=adATrans S folder
the right side of the backrest, transY Result 1
1
1
1 transZ 1
1 | 1
1 ] 1
1 1 |
< L4 < L4

Name + Description

G ek

! (0:0;0)
fUsers/sissytian/Desktop/MVE/
0 ProcessData/3-in-addTrans/

Right Armrest withTrans.json




® Preparing Data For Fine-Tuning Single Teen [l

Json 2 Jsonl

"name": "B st
"description": "Positioned vertically at the rear of the chair

"transformation": [

G/Users/zijiesmac/Downloads/CoD/

0.json

"noints": {

{070} et

original_model_file

json

q /Users/zijiesmac/Downloads/CoD/ tralnlng_flle__folder

=)
oo

0 Script execution is disabled via toggle. )
input2/*.json

output_file_path

-

jsons

toggle

q /Users/zijiesmac/Downloads/
finetune data gh output.jsonl

[ Boolean Toggle

{} finetune_data.jsonl

{"role":
“poles: &
{"role":
“poligt:
{"role":
4 Upolligis
{"role":
"role": "us
{*role™:
"role": "us
{"role":
“pole=: =
{"role":
“polie =
{"role":
SRoilie San
{"role":
“poligs:
{"role":

1 "messages": [{"role": "system", "content": "
"messages": [{"role": "s n', "content": !
{"messages": [{"role": ' ' "content":
. . . . . . {"messages": [{"role": "s n_ "econtent":
Multiple JSON files jsons to jsonl Single JSONL file fmesomaee s [{'rolets “eyeten’ . “contentts
{"messages": [{"role": "system", "content":

"messages": [{"role": "system", "content":
{"messages": [{"role": "s n_ "econtent":
"messages": [{"role": "system", "content":
{"messages": [{"role": "system", "content":
"messages": [{"role": "s ', "content":
{} DataStructureSamp!e.jsonl {"messages": [{"role": "s n, “contentl: !
"messages": [{"role": ' ', "content":

{"messages": [{"role": "s . "content!: !

Single Line Data Structure {"messages": [{"role": "system", "content": "System Prompt"},

"messages": [{"role": "system", "content":

{"role": "user", "content": "User Model Input"}, "messages": [{"role": "system", "content": "'

in the Jsonl File

{"role": "user", "content": "User Prompt"}, jiessngos sl Gnceisy b ssdis

o - o - _ " {"messages": [{"role": "s ", "content":
ant", "content": "Expected answer"}]1}

"messages": [{"role": "system", "content":
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@ Fine-Tuning GPT

S

Q1BkxbOpugT3BlbkFJICAwO9KBfof3bYQ
mhDP6F7RaExHS JAVX5BKE49sVhKdUA
CyXeSYmPjdow-GyXA1g8GtPDEffIIcA

- S

4

o

o

sk-proj-D-
e3ZmrCjKIg2puxEURRxuYY1Dgf ggym
LPqBMFl63fZ_2chHY2tM3WNDaAAHDV

key
training_file_ID
GPT_model
n_epochs
batch_size
learning_rate

toggle

—
-
o
O
(2]
=
c
=
=
o
1
@
c
.;

out

{0;0}

0 Script execution is disabled via toggle.

([ "gpt-4o0-mini-2024-07-18"

Boolean Toggle

db Metrics
Training loss 0.0056
0.06
/.
\
004
\JI\U\
N ~
0.02 k‘d [ NaA
\“‘/\f fojf
0
1 26
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\J\_J.f’ﬂ\._ A//\Jﬂ

L
NAAVAVA r~ A
“/\ _J,/\/ \;’\f\f’\\j W\v{rﬂ

MODEL

ft:gpt-40-mini-2024-07-18:personal::AaoFCHCQ

Step

O Status

® JobID

@ Base model

@ Output model
® Created at

88 Trained tokens
< Epochs

£ Batchsize

db LR multiplier
2 Seed

Time

13:18:19 90
13:18:05 89
13:18:083 88
13:18:01 87
13:18:00 86
13:17:58 85
13:17:56 84
13:17:54 83

©@ Succeeded

ftjob-qJBECNM4Z752UATXafFGEVdE

gpt-40-mini-2024-07-18

ft:gpt-40-mini-2024-07-18:personal: :AaocoFCHCQ

Dec 4, 2024, 1:11 PM

1,877,220

3

1

1.8

609415618

Training loss

0.0056
0.0114
0.0082
0.0100
0.0043
0.0119
0.0097
0. 0116

Validation loss

Full Validation loss



® Two-Step Al Process

Al agent Fine-tuned model

"-.‘_q_.-

P N
] 1 ] 1
[ 1 (] 1
[ 1 (] 1
[ 1 (] 1
[ 1 (] 5
[ 1 (] g
[ [ - J { P
: - = s i > \ o |
I [ | ' “, \ [
] | e R"‘u : _ ! _
[} . - . 1 Tha chalr fadbgres & Toslly J '1:-. apl_koy ! _,_:l ..:r 3 ;
; | wloe, PECLiSTuldr Seal pafeed | Y 92920 T T L 5 . - [y far = s
ﬂ & LERE_noquse st E (=TT with & sllestly £E1tes | D_._L‘_‘-_‘_e m—“""‘“‘“ 255iS1an1_reply b
* R :f,-h-r .-::.- wirg ' —_——— T 5*': ute_input E L
i = 'ﬁ nbasakiadi=1 Iy giwl D 0
_Bookan Toggle S i - | P
at ¥ (e j = 4 output_file_path final_cutput D
1 L1 14 i |
: e i 4 run_cade ¢ -3.43,
[ - ;.-' |
1 [ |
I I ¢ o p= z
1 1 I‘ | = e b Flies
1 1 - 7 1 i - ———r
[ 1 Booiean Toggle TI:IJE P T PRy - i1
i = [ drthp
1 1 1 2 | s ajaeyila i R e T '
: . i = ! PSS LA - ~ ARl AT Sropat L
I I l o LS -I-- L L bl l J— -
ol
1 1 1 Jscn_fite_list > : | _ —
[ 1 1 T il cbi_files P —— T | E‘ b
1 1 1 Folder " : et au
! possteons_ st e
. 1 . q i € folder_path ] Mie_path B
1 ] 1 | T 1 - n Tigel St = t = m E- a D
} Y blght  Rrnrast b o
i }

translates abstract user input into Generate Chair Designs

specific design requirements and
detailed and actionable prompts
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® Display The Al-Generated Designh Outputs As Geometry In Rhino

JSON file of different

component parts

. 5
gl FEREC

siani_roply O

_oulput O E

Convert JSONs to OBJs Convert OBJs to Rhino Geometrys

' Fies i E i E

!ilq,_““ j _. .... | | E E E

PR B : =M out _% L : :

: v Json_file_tist Bl : | |

] | ﬂ H‘-rllﬁ | [ ]

E 14 toiger_porn " [ e S| G E

'l : = .u- :"'I. et - --E : :

: ' i :

| N > 5

i : § :

DESIGN 6297 | Bo Li + Rui Liu + Shiyuan Tian+ Zijie Zhou 20



' @& Rhino8 Xt (R A #HL ®BE ASWE S WK HE TR | IR 9w E

@ @ % chair_out.3dm

g  IFFE REME 2 BR ER  IFEIERE TN T @BEIRE ®HEIR 2 SAEIAR H2IR FMEIR ERIR  EHE Ve FMIbE

F 9.8,
S¥
° a i

Q@jo
EXAMPLE OUTPUTS :

Testing and examples v

$§<: _Save
FH [ ] | Perspective | Top | Front | Right | E4&EE
0= If¥AE x 23.834 y 36.253 z 0 EF S [l oefauit SEHS EX  FEESX YENS EENE  BEW(IEFE) O

IBEWO - 0QD 6N

L#-—————
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Example Outputs - #1 Beach Chair

qgive me a beach chair for me to

laying down and relax.

\ user_request out

-
o
o

get a

Boolean Toggle
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{0}

"The chair features a longer,
rectangular seat panel with a
significantly reclined
backrest for lounging. It has
four standard-length legs,
giving it a lower height
suitable for beach
relaxation. The seat and
backrest have extended
widths,
of standard length and

height."
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Example Outputs - #2 Bar Chair

[T want a chair that is very
tall, like a bar chair. So
ﬂ that people can eat in the

open kitchen at my

apartment. The chair can

have a short back.
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The chair features a flat,
rectangular seat panel with a
shorter backrest. It has four
elongated legs, giving it a

0 taller height suitable for a
bar. The seat and backrest
have typical widths, and the
armrests are of standard
length and height.
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