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Abstract

In recent years, robotics research has actively focused on developing robots that
assist human daily life tasks, such as folding clothes and brewing coffee. While
these efforts aim to improve people’s lives by introducing robots into households,
current robots remain expensive and difficult to adopt. One potential solution is
personal robot development. The widespread availability of consumer-grade 3D
printers has made it easy to fabricate 3D models at home or in schools. In the
robotics field, 3D-printed robots are commonly used for evaluation experiments,
as they can be manufactured at low cost. However, personal robot development
has not yet become widespread. This is because robot design requires extensive
specialized knowledge spanning mechanical engineering, electrical engineering, and
computer science. Furthermore, there are issues with existing design methodolo-
gies. Current approaches are polarized between CAD-based and modular methods.
CAD-based methods use 3D modeling software and, while complex and difficult to
operate, enable free and precise robot design through numerical calculations and
inputs. Modular methods involve arranging and connecting predefined parts, offer-
ing simple operation but limited design freedom due to constrained design spaces.
Consequently, it is difficult for non-expert users to design robots that match their
intentions. Sketch-based interfaces offer an effective solution to this polarization
problem. Sketching is a time-honored form of expression familiar to many peo-
ple, enabling intuitive operation. In the HCI field, sketch-based interfaces have
been employed in design support systems, where user sketches are processed by
algorithms or neural networks to handle specialized tasks such as calculations and
analysis, thereby supporting design by non-experts. Robot design encompasses the
challenging issues for both shape and structure. A 3D model alone cannot function
as a robot; joint information is essential for operation. Conventional methods re-
quire either precise numerical definitions or rely on modules with predefined joint
roles. To support robot design by non-expert users, methods that allow intuitive
and flexible joint definition are necessary.

In this paper, I address the problem that robot design methodologies are polar-
ized, and no system exists that combines intuitive operation with design freedom
for both shape and structure design by non-expert users. I developed sketch-based
interfaces for robot design. First, I describe Sketch2Joints, a system that sup-
ports joint structure definition for non-expert users through joint symbolization.
In Sketch2Joints, users place symbolized joints on a canvas and connect them
with straight or curved lines to input joint structure information. Based on this
input, the system defines a kinematic model and provides kinematic feedback by
displaying links as line segments and updating the posture display according to
joint angles. The system also automatically generates links for the designed joint



structure, which can be 3D-printed. By connecting these with pre-designed joints,
users can fabricate their designed robots. Next, I describe Sketch2Robpla, a sys-
tem that enhances shape freedom and kinematic feedback from Sketch2Joints while
replacing joint information input with more intuitive operations. Sketch2Robpla
takes user sketches as input and generates 3D robot models using generative Al
This enables users to design free-form shapes without learning 3D CAD or re-
quiring complex numerical inputs. Joint information is then input by segmenting
the generated shape with line strokes. Users draw lines over the 3D model view,
and the system calculates cutting planes using the lines and camera viewpoint to
segment the model, enabling intuitive model division. The system automatically
places joints at the center of each cross-section and computes joint positions, ro-
tation axes, and connection relationships. This automation reduces user burden,
and kinematic feedback reflecting the actual shape allows users to visually under-
stand the completed design. Additionally, physical joints can be inserted into the
robot model. While existing methods require designing mounting positions and
wiring plans according to motors, Sketch2Robpla reduces user burden by placing
pre-designed meshes corresponding to motors at joint positions aligned with ro-
tation axes, removing interfering portions, and converting the model into a robot
model with joint mechanisms. Finally, the system outputs a URDF (Unified Robot
Description Format) file describing the robot’s shape and structure. The URDF
file consists of text representing the structure and meshes representing each link’s
shape. The output meshes can be loaded into 3D slicer software, converted to G-
code, and 3D-printed. User experiments confirmed that Sketch2Robpla supports
robot design by non-expert users and achieves both intuitive operation and design
freedom.
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VIV 7 ML ICIRKE R TE 3 X5 L. £, IBETIE3DET LD
k% LLM CHf#$2 22 T, 3D ETVERDHERZA EXE 3 ABZLRA
545, LLaMa-Mesh[16] 1%, 3D X v > 2D 7L —YTF A MREE b—2 1L
LTLLMTH¥E T2 28 TTF R MVERDOHEREZHER L7225 3D X v & 245K
ZEBL, 3D X v ¥ a2 ORI, NEEHYR AR Z FTEEIC L.
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B@E]I
T 1
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ﬂ
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ﬂ
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Auto- Regresswe LM

éﬁ@éééﬁééé

This is a 3D mesh of a tree: é;
=

29:3D XAy a% T F AN =222 LTS 3DAERS R T 4 LlaMa-Mesh[16]

MeshLLM][17] & LLaMa-Mesh CTRI@72 o 7228 %, TVI T4 T A v a
ZRHWS ZETHRL, DEILITV I T4 7Ry ah btk e NS
2B Ta 22k, ARGEE Xy 2 DEKRENHT 2REN AL X,

mput
output Large Language Model
(] i!f J
> Rt e, > w & =
@ e &8 K cv-@
g — i
vof prim'r\tive-mesh primitive 1,...,primitive N v of primitive-mesh  primitive 1,...,primitive N mesh mesh caption
.2 .
fof primitive-mesh full mesh fof primitive-mesh full mesh mesh caption mesh
mapping v to [ primitive-mesh assembly mapping v to f primitive-mesh assembly mesh understanding mesh genera tion
(1) pretrain on clustered primitive-mesh (2) pretrain on semantic primitive-mesh (3) finetune on specific task

210 TV I T4 TRy 2 W 3D AT AT A MeshLLM|[17]

3D-LLM[18] 1 3D riff 7 — &2 % LLM IZ¥EEH S E 5 L5 7 71 —F T 3D ZE[H
OHfEE HIEL, 3D EMDF ¥ 7 a VAERSLEMISE & AlREIC Lz,

ShapeLLM[19] 1% 3D mifith» & 288D 2D Hif§ % 7888 L T8 L7z MRecon++
RIS T Y a— &I X o T 3D R OBEFES F I L X E .

ShapeLLM-Omni[20] 1 3D R 27tz AN L, +—2 tF 2 Z & TEEPH
HERBICEBRT 2. AU Ko T3DAMSRHMHZITITRL, 7FAMTX 33D
Ay ¥ aifp$e alReic L.
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: 3D Captioning j :_ 3D Grounding j 3D Question Answering )
= X
This is a gray and blue leather chair
It is placed on tha right of 2 identical
L Describe the scane. y. leather chairs. y. Lﬂ,uz:tinn: Is this 2 famous huilding'i‘f/J
- : - & N
o
g
B & small Asian rastaurant with a Answer: It's Eiffal Tower and it's
E Japaness architectural styla. wegdl-known.
S \ LS
Iy — N - " s :\‘I
Task Decomposition 3D-Assisted Dialog ]
- A k. A
I'm at tha blue bed.
e . .
. | want to get dressed. IR Can you turn on the light? gL Genarsta a caption for the u.bjnct_:}/,l
l B l S l "
1. Eo to the wardrobe and open it. o el A blue bed in tha roam. It has
2. Take out clathas. Tha el L brown pillaws an it. bt has tablas
3. Twrn right and axit tha room. rt-'*“.'.r--‘ on the left side and a lamp
4. Walk to the bathroam. P T — standing on the table. On the right
Z. Facing the mirror and dress. e B P there is a backpack.
. 4N ¢ L
-~ - — N e " -~
L Dbject Nawvigation AL Vision-Language Navigation AL Embodied OA y
| whant ta find @ T, | want fram [1) Instruction: Go past the sofa and .. I 1] T ot 22 haws thia el
= | am at (1} Where should | go next? -
to (2] Where should L ganaxt?  § J \_ofthe stowa? Whatshauld 1202 L/
p - . - -~
You should go to (2} where the
A You should go to (3. . You should go to [2]. . stove may exist. )

2.11: 3D KfE7 — & % LLM T%E L7 3D Ak X 7 4 3D-LLM(1§]
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Multi-view 4 yellow chicken Task Decomposition 3Dvisual Grounding  There is a  [[z?,44, 7],

§ Images 2t N N
§ 8 w plays basketball @ Embodied interaction 3D Captioning line fized
.’ .

? e u wearing overalls. & Scene Comprehension  3DVQA handle at 3,44, 2°]].
A -4 o ¥
\ 00O
MAE 2D Image Text
Decoder Encoder Encoder

Multimodal LLMs

Contrastive “:“

Reconstruction Hungarian -
Loss A|gﬂgrithm \,‘.’\" Loss H L:::—_::—.thI:D projector | [] projector | [J projector O0o00O0O
S § - A
mooO@] ‘ooo =] OO0 OO0 000
,,,,,,,,,,,,,,,,,,,,,,,,, "
Local Mfg:;in Global Absolute RECON++ Tokenizer
3D Point Cloud — 3D Point Cloud Position =
Encoder --¥-- Decoder Encoding A
stop-grad f ] r )
K (eptional) A 0 0000 {0000 ag:
. ; . -
{ A

3D Point

Fullf Embodied / GPT4V
Clouds 1/ input Global Queries S o N % Al Instruction e
L0 o0 n Object / Scene ¥ W i B | =
9 @ % L Point Clouds | .~ — 1 . 9?
#  (3) RECON++ Pipeline (b) MLLM Design

2.12: ZH 5% 3 U7z 3D 4R 2 7 4 ShapeLLM([19]

Fe——y 1
|
1
1
1

Conti I | G This is a 3D mesh
ninuous Image feature H 3 ‘: of “Beige Teddy
111 : > Bear*
Discrete Voxel Tokens Resh P
[TTTT] [ 4
Discrete Text Tokens 3D VQVAE Text
Decoder Detokenizer
1 1

t 4 L) ]

Vision Text Text 3D VQVAE
Encoder Tokenizer Tokenizer Encoder
ol I I f'—f‘TLH—-’I
&t Gen;m‘rg afj.lb Provide a brief i % :Y:’ i
mesh using the . =
image i gave you. analysis of the i '&4—- -;Jl
3b asset shown L"-__wd',/
Image 3D &eneration here: 3D mesh 3D Understanding

2.13: 3D R 7 %2 E L7 3D £ X 7 4 ShapeLLM-Omni[20]
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2.3 BEIfzo0OKRw FRETFE

BRTHNZ@ED, BBFO Ry FEEFFEIX 3SDCAD 2 v 2 2 FiE
EHEIREDRENEF o TETY 2 — S L2 L TrERy b Eikit T 5Tk
IR TW5E., FICBEEDFIERIC L > TREVWZI =R e Ry Fa&itEITO Z
EAJREIC R o 2. Il 21X, Interactive Robogamil[4] (3, i, (KR ¥ D =%
WRTHrARY MEHEL, BINENRENRZ 7 4 — NNy 7 e UG 2 XIRT
5. N=viZEMXKETH I, DM XS D L ATHAILTTH
Ry VeEETE 3.

:\ . Eom e o -
M * ‘ ‘ . A “
. g
| ﬁ .
»‘ " si’ ' e = e
oL T . %% : F
W 4 ; I
A X 4 :
Expert Data Interactive Design Fabrication

2.14: FroM{EY 2 — B Ry FEEEFS R 7 4 Interactive Robogami|4]

Interactive Robogami {341 D G Z W\ 5 Z & TRIEZ IR L 72235, Megaro
5[21]1&3D 7V ¥ M KXo TEEZ IR L 7. ZoMFtida—FhnuRy D
MEEz AL, &£V 27I—2D3DETAZEDETT, vRy FOJEIR e S
BEHREIT S, 20Kk, FEtLln Ry FTHITYI 2L —va v EITWL, BEL
THITTE S XS ORI PHIMIBEZAEE L, BTk Ry PEREHTT
5. ZLTC, SERL&ET%E 3D 7V > X CHIRIL CEMHRTHHITARETH 5 Z
 EfER L 7.

AR RE TR L, 1EERESCZ A D AN b uRy b EFKEHT 2 FiED
HREINTWDE., ZOFEIAST UEENTEEZITS 2D 0EELEITS 2
ETCHEMWNZRRY PG5 2 e B TE 5. fil 21X RoboGrammar[22] 1 T
RIIEHID ) 2w ko u Ry MEEEZRIT 270077 7 3EZER
L, ZRUCEDWTHETOVIHRZER L2, R L EEon Ry yTAN
XN EEBITT B I 2L — a vy 2 HMTOMNME, #EOEE, TE80K
L Z DR LT ke E 21TV, REIICA TSN E 2 I TE 20K
MEBEERERT B RATLTHS.

RoboGrammar 1%, EVEL7 LTV X LIZEDONT, VO 7DOERIDEHELY
PATHOER, BT X 2BEEREO RN ER 2 EIK S 258R, BHFEOERORH
PHAGLE T REREEAHTRERICE D rRy FGEHEELXET
X720, ZOHIKET VR LRERIDBEAREINS 2D, FHHEaRX MPEL, &
BRI DD o7z, ZOREZ RS 2L, B Ry MaEto#EIiZ LLM %z
HA L 72D RoboMorph[23] T® 4. RoboMorph &1 R v +E%aT & 5 o fE 5HR

14



2.15: 3D 7V ¥ MAJRER B ARy FET S A 7 4 Interactive design of 3d-printable
robotic creatures[21]

ZLLMICATIL, &EFtOZEEREZHITT 2 Z & T RoboGrammar 1 FLTHIZR
wZaRy PEREHEREEE S Z IR L.

EHIT, ARALICEoTaRy FREIEITOMIEDHEA TV S. RoboGen[24]
BB X 2GR R ML Ay 7 AR, RR7ORE, BREOME, FHEY
Blr > Y Y Genesis[25] IC Ko TITH Z e TAMHKETOR R Y MREIRFEH L.

HERR 7 LT ) X 22BWT, SEROBRICEEIC KR 2 OIXRMEKTH 2. =
DIRMBEECE LLM 12 & - THai{b L 72 D23 Eureka[26] T %. Eureka (& LLM 12
Y2l —RDY—RA—=FEANL, 7 X LMWBEED &R 2TY, A
D - MMBEIE Z B2 5 X X 7 IR E R L.

Text2Reward[27] HFERRICT F A M TERZ LN XA %2 LLM MY 7 X X712
TEIL, WMMBIR 2 RET L CH(LEE 2/ VIR LT o TAR K D & B -5kl
Beidat Lz, vhy MRFHIBRD AN 6RKETT 2D ONIE LA LT o703,
WEDOANRE R, BEDO AN bOIORFRZREILL TV ZeTrARY
FEEETEATO e PR T E .
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. ( . graph

Input components

graph 1
. heuristic

search
>

~. MPC

grammar

& e

Input terrains Grammar generated structures Optimized robot structure and controller

2.16: 72 7FER ARy PR X T 4 RoboGrammar|22)]

Initialization

Q . :
Prompt ’Pﬁ‘ Designs (=] Fitness

Evolution New Designs

LA o0 & (g])eo

Evaluation Compiler

s ot afw

Control

217 L7 LT X212 X B Ry MRk X7 A RoboMorph[23]
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A) Task Proposal

B) Scene Generation

| C) Training Supervision Generation |

Initialization
(¢ a) Robot
= o
<o
- 8

fr—b) Object

B<E (o
EBEFE

Scene Components & Configuration
LLM

Task Decomposition

Grasp Open Put bowl Set
Door Door inside Timer |

Scene

Relevant
Configuration

Asset
Assets Configuration

] - S—

Dataset Retrieval

Objaverse

Verification

text-to-image-to-3D generation

. Midjourney — Zero-1-to-3 }

Reinforcement Gradient Action Primitive
Learning Optimization & Motion Planning

Scene
) —

Task Proposals

“Retrive one gold bar |
and lock the safe”

“Climb up the stairs” |

“Heat up a bowl of soup
using the microwave” | |

l

Scene Population

B 2.18: mAhy +HEAMS X7 A RoboGen[24]

@ Environment Code

class ShadowHandPenSpin(VecTask):
def compute_observations{self):
self,obj_pose = ...
self.obj_pos
self.obj_rot =
self.obj linvel
self.obj_angvel

self.tgt_pose = ...
self.tgt_pos = ...
self.tgt_rot = ...

self.fingertip_state = ...
self.fingertip pos = ...

self.compute_full_state()

def compute_full state(self):

Task Description

To make the shadow hand spin the pen
to a target orientation

& Coding LLM
(GPT 4)

B
Query with
Feedback

We trained a RL policy using the
provided reward function code...
av_penalty: ['0.02', '0.05',
'0.85', '0.04', '0.03", ol
success_rate: ['0.00', 8',
'1.57', '3.81', '3.95', ...]
Please carefully analyze the policy
feedback and provide a new, improved
reward function...

17

Q obj_rot, obj_angvel, ...
):
Reward ;ﬁ‘-/-lngular velocity penalty
Candidate av_norm = torch.norm(obj_angvel)
. av_penalty = torch.where(
Sampling av_norm > 2.0,

def compute_reward(

torch.exp(av_norm - 2.0@)

253
GPU-
Accelerated RL

Eureka

Reward
Reflection

2.19: LLMIZ X o THMBIE 2 TR E§ 2 vk v FEkEHS R 7 4 Eureka[26]



Goal: push the chair to the marked position

Environment description
class BaseEnv:
self.chair: ArticulateObject
self.robot: DualArmPanda
class ArticulateObject:
self.pose: ObjectPose
# get the point cloud of the object
def get_pcd(self) np.ndarray[ (N,3)]
class DualArmPanda:
# 3D positions of 4 gripper fingers
self.ee_coords np.ndarray[ (4,3)]

Feedback: keep the chair standing

Dense reward function
def compute_reward(self, action):
# EE approach chair
reward += -dist_ee_to_chair
# Keep chair standing
chair_tilt = np.arccos(z_axis_chair[2])
# Stage reward
if chair_tilt < 8.2 * np.pi:
if dist_ee_to_chair < @.1:

stage_reward += 2

else:
stage reward = -5
return reward

RL training Policy

el  Rollout

Expert abstraction AT @

2.20: LLM 23X X738l e A A IR ET 2 0 KRy bEREFS X T 4

Text2Reward|[27]
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F3IE8E BEIL—LI—7D

ARETIX, BHFELZZ2D > X T 4 Sketch2Joints & Sketch2Robpla DEEfRIZD
WA=, # B8NS I 21— 3y, URDF, S EERAER, 30T ET
WA RIS E DAGRSUTREE & 72 5 HFIS DWW TR 3.

3.1 &FIJL—LD—7

0k y bRGHIEERGT RGNS T 2 2 e AT 3. EREhidEIcn
Ay FOEEICBEBRL, BIREFEZe Ry F o/ e EERHICBEBRL TV 3.
Sketch2Joints Tl 2 —H Il 5L L7-BHIZEE L CTr Ry b OMIE % TITE
#FL, BfirS LoERRE»5) 72 HEER L TEREEETS. Z0F
EEe, 2=V Y OKRIPHHEBIREZRG T2 2P TERV. 22T,
Sketch2Robpla TIFAERK AT I'TRELLIS) 2 X > TBIKAHEZ KR Z A L E%.
X B ITHEERRGT L TEIREGT DIER 2 AVE 2, MEREHHICIRE K U 7= H)
74— KNI BfT5 XOEHE L. 2T LD, Sketch2Joints TZ 4 — KNy
JARRBICE D - EE ARV WS EER R HIE L. £/,
Sketch2Joints Tl& 2 KT FH _LICBHFIZACE T 5 2 & TG Z&e L TW\Wiz23,
CHUIERICEET 20 Ry M3 RTOYKRTH 27-DICEZEBDH D, BIED
HPTMEHRFT L TW2D000 D12 o7z, Sketch2Robpla TSI 3D €T
NEERLTWS Z 55, Sketch2Joints D X 5 BNV EDERIZT 1 A 7L
A4 FTOBER L BATORIRATEE LIS WE WS ES H D, ANZELLER
FANERTEEERLT I Ko T2 —VFDREI L —RBICHEHHINERTEX L LHE
Bz T X b2 —% A& Sketch2Joints TlEE Y 27 % 3D ET7 4L LT
WA DI ENED 5 T2 ETNLDRELIHRDL LN TET-.

3.2 EEBEIIalL—3yv

Ry MZBW T OZN 2 5O EZ KD 25t E 2 [HEHEHE L S
W, OB O E D SR O 2 KD 2R R EEIYHE LSS, Ry
FOEIEEA XY LD, HfET 2 L TEERLRHAETH 5. HEHEFEIZS
RICEAEZ e n R Y F Z20EEARIC L o TRKD NS, 22T, AHETIT
S ZBFIOEENLETE S RO Ry N BRARGE T 2 0 BALEE A EIED
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Sketch2Joints Sketch2Robpla

RS ELE-FAHEEA—YARN) WRAZEBETILOLE, A~ DEMEE

wasaEt Linkl  Link2 ; “ — =
Link3

ARSh-EHEENSY IEBEER | R7UFHLERAIZLDIDETIILELER

AN e

ReARaR AT j
: Link1 -
A— Lk

Link2

3.1: 8% 27 A Sketch2Joints ¥ Sketch2Robpla @ kL

FlEZFHST 5. £3, [OlEEL =880 J, & 2O B J, IcoWTEZ . Jy D
PBERZ VB rg 2L, J DNEXRTZ MLE e 255, ZOKE, BEEIRE O EEE
(1) RTRD 3.

=71 —To (3.1)

RZ, [EER L 7B ORERIR 2 vz n, BEEILZAEZIE L TR FY SR
OAEERE D OREERAFICE D < (2) RIRAT 22T, Jy 26 REEREZD
Jy DALEXRZ Fbr! 2R 5.

' =rxcosf+ (1 —cosh)(r-n)+(n xr)xsinb (3.2)

ZDrIZry /BT 2 THEED J, DAEXRY MLV ZRD S, CADTRHAY b
el LTWAEEE, s Le 7Ry 7y LTeRy FOBI X 2MHEL, &
R BIEL T\, S EIER Y a e 7 v 2 W TN R D T\ =8, 3B
ETEH =2 =12y VN —2RHOWTHETZFERIZL ALY TH . A%
TlE, Ul EORSA X—THEEOEMNZRIEL, v FUFZADEE/AITE-T
AT ADWIEEE AR IToTr Ry FOFEEZ LI —HFITNLT7 4 —F Ny
7 L.
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3.3 URDF(Unified Robot Description Format)

URDF 7 7 A MEZ D04 DD, uRy MOBEREFLART 272007 F A7 7
ANTHE. x—27 v TEFETH 578, XiEIE HTML(Hyper Text Markup
Language) L L TW5. URDF 7 7 A L O %X 3.2127~F. Link,Joint &\ 5
Tex7owcy v o %, BEEIGE, BEESioR, BEEiRR O RE EEME T
IR 2 TES. URDFIZRKRy MRETORFE LIcfbit, ROS(Robot

g -2 5 0" rpy="0 0 1.57" />
<axis xyz="-0.707 0.707 0" />

(b) M 32(a) TEFIN T3 1
ARy b

3.2: URDF O

Operation System) % Issac Sim 72 ¥R 472> 2 2 L —RIZHIG L TW 5. T4,
URDF @7 —%&t v b 28] bIER SN, vRT 4 ZATHICBOWTEELR Y 74
NMERXTH 5.

3.4 FMHEIETERERK

AFFETIE L= DR 5 v F A5 5 ControlNet[29] & Stable Diffusion[30] %
FWTHEIGRZ4ERK T 5. ControlNet 23 L7z 27 v FDigslEHR, REGHR, H
EERE ML, HEROFMS THEINLZRE DR~ v 7ITEHLL T Stable
Diffusion 7 a2 —&X —IZ AJJ$ 5. Stable Diffusion 1¥7 F R s DFH#EE ¥ Control-
Net DFEEZEGHHET, 7a—X—ICXoTHIBRZH 155, 2% D, ControlNet
X, R—X| RElERR & OERNRStE 2B U Tl § 212512+ 5, Stable
Diffusion &7 ¥ X b & ControlNet IZHl#EI S N2 ETHEIGEZER L TW5. Kiffst
TR IDAERFERZ, 2—FDRr v FZ2EIRIIKMT 5 7-DIEHLTW3.
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3.5 3RITETILER

ARIFFETIE L —F DRI v F 2 ITICAER L ZEG S 3D TV E2AERT 5 FRIC
TRELLIS[9] % fiv 3. TRELLIS l& Microsoft DFIF L7z ATEFLTHD, 7F R
M ROHERD & 3D E TNV ERAMT D Z e AT E 5. TRELLIS OFF#IZ SLAT (Structured
LATents: #HE(LIBTERI) L MHINZRIATH 5. SLATIEBZR 7Y v RO AIZ
AR, o, B Y OEREFO =7 U ERIETIRHATH L. ZDSLAT 24
K3 572912, TRELLIS I& Rectified Flow & FEIXIL 2 EKET L EH WS, Rec-
tified Flow 3D 7 > X 2 7 £ X5 5 2D EHffe 7 F A F TRENRITH L
TOZMIETVE, BRRSLAT 24K T 5. ZHUTED, 3D ETLER AR
PR TRZBEO—BOM LR EDOHA OMRENIREICR D, ZHRTEME
72 3D AR R R L 7.
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B4E Sketch2Joints

Sketch2Joints IZv Ry FMRETORFEMZHIEL, vRry FOBEE, V> 7 %25
Tz TcuRy METRHEROE N — IS BEEIREE DG 2 AT EEIC
LA VB =T 2—RTH5d. T—FFHEER X o THEIHET 1 — F Ny 7 ORE
M, mRy MEEDIBICXE o TRy FREIDIEFEMFICHHM LT VD
DT o T2 o R L7z, AEETIX Sketch2Joints DFE, FERITOWTHENS.

REVATL

2y F —L} EEinTF—42 (w=p| DETIL Jﬂ R B HE

EFFEIIal—iay
\. J

X 4.1: 223> A7 A Sketch2Joints HEEE[X]

4.1 F&
4.1.1 F|EA>2—7x—2R

Sketch2Joints DA ¥ X —7 = — XD AT v FHOEEZX 4.2 1IZR-F. FREAN
ATy FIZE>oTHRARY M7 —L2DFEHZITHOHETH 2. HHAZaERY b
7 — L DFFRERSCIRIFZAT OB TH 5. IR T v F 2T 5 BEDRFE D X
Za2—7L—AT, A7y FE—FOUDBEZLKEMOMREEZITS. XFrvF
& — N Point,Relation,Delete @ 3 ffHH D, ZhZNBEEORE, V> 7 DE
i, BESiOHIFREZITS> E— KTHD, Point E— FCRECEE LMz 27V v
T2, K43 1R THEFRE 7 L — L0584 D SketchMenu 7 L — & REICFER
ENd. ZO7L—2NTEEHO XA 7, R~ 2 Mo, BEiENZ v
DL ZMmMETEHI N TES. HEEOREIINS MV Z2EHET 2, [HIZIG
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CTHERZFRRDBINS. HlZIX, XA REEIIMEA = D RGTE, Y fili[Els
DOBEfIIAER X DR, ZHEHROREEIIF TR RENS. Relation E— RizH]
D& Z5E, SketchMenu 7 L —AI2) > 7 OFFEEIEIRTE 2L 7 bRy 7 X
MERRINS. C@kb?Ff/?X@ﬁfﬁhmm@%mu@U/7®ﬁ%@
ERTEZ 560, Free DA, R42IRT ATy FD X I IC2—FHHHIZY
VI DI ERIRD B Z Z#T%é I—HDR+r—7EBEHRECTHEIL, 7E|
HEHIEEL LA TS5 vlliiiz 27 v F FICRRLTWE, 2—Y»H2A Ty
EAEET HEIC. BENFEDINORTEES T — XK.

Main(Sketch)

T T
Linkl Link2

Link3

X 4.2: 22> A7 A Sketch2Joints DA ¥ X — T = — &

1. BAEID

7n 77 ANTHEEIZEFT 57290 ID
2. NENRZ ML

BEi DN B R Z KT 3 RITDNRY F L

3. BEiE~X2 hL
RAHE o LG 2 R $ 3 KoTDOR 7 b v, BEEHEHOGE B M E2 RS

4. BREFHH
FERLEB O LR TRZERT =D DHE

5. LABEiD Y & b
BAE D B (B OBEEID ID DY 2 b, FREI—DO LFELRVWAY > 7
EREOLERANTHD, BROBEHOY X MZiks.
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joint1

Revolute

Any vector ~

II

X |D.D | y: |EI.EI | z |1.D |

6. MMUEAEiD VY R k

RSO RO (7)) OB ID DV R b, ZD VU R hNO BT AI#E EH)
DHEZZT 5.

7. Bffiox AT

BfiOZN I ZED o7zt &, EO XS R Z %2 T 50O, [HEx (Rotate),
[E#] (Linear), [EE (Fixed) 25 5.

4.1.2 A—YT7a0—FKN\wvo

RBEZATLDY I 2= a VEHEZK 4415, BAENIEX 4.5,4.6 1R
3 Motor X 7, Axis X IR REINDG. AT v FREFET S, b L IEERNICTR
Ty FENOIER LR RY b7 — L DT —ZDFAAENTWVWBEE, Motor X
TWREIREFI OIS T AT A4 XDBRREINE. ZDORT A XOMEIEEEFHF OZEN
ZRLTED, LT CGEEFEIREZITOARARICERENE > I 2L —2a Yy
FERPEHINDG. Axis X T RFTRT 528 TY T 7 DMOFRREHZRHEST 5
CLHBEICRD, YIal—Yary 7L —20HNIRRY b7 —LARFRRT D
ZENTES.

4.1.3 BEEHOEE

I—HWER LB 7 — 256, BAEifIE, BAfEifEE% &KL T, 3D 7V
v X CHIRIATRERBEEI 2 27 <Y 7D 3D EFAZ/ENT 5. v Ry b7 —A
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Global Menu

S Infomation
Siminfo

Main(Simulation)

SimMenu

X 44: >Ial—>aryfArR—Tz—2R

D7 27 F 2 T —XIZiZ Robotis #: Dynamixel XL330-M077(2L R XL330) ZFIH L
Jo. 7O F 2T —XERD T BEMET ORI LTV S, DR O[Oz O
M ZIE U TR 4.7(),4.7(b),4.7(c) DWTIPIIT 7 F 2 T — X Z23DiAA, X
4.7(d) ZEENCE D T2 22T, BT 22— LTERT 3. £, 2—F
MRAYT v F LR EICESEY 2 — Ll 2ok U 7 2T 5. M420
27 FROMER LY > 27 D 3D ETF L% 4.8(a),4.8(b),4.8(c) ITRT. HBIH
EVa—E, VI OEREIZFRICIEIRICZ > TEY, BERTLOKETHIEE
XX DA EER T2 0 Ry P 7 — 0% T 5. BEEMRZITEMA &
hih B OF U oEftalz Ead by, HOICHEFEOE Ah s Z e CREET
LMFTHD, QUILDEHHE S 7O, HAEZDES TS, B2
QIDI TECH Q1 PRO ¥ FlashForge Adventurer 5M 2/ U7=. SMERRT I B4
D PLA O5E, #3E, ABS O%E, #5 K. EEIZPLA O%E, Linkl,2,3
MENFN3L T T, 217F 4, 40775, ABS DA, Linkl, 23 B ZHNZh
48 7T AL 7T 161 7T LT o7z,
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Motor = Axis

0
-3.14 L
1
-3.14 D
2
-3.14 L
3
-3.14 L
A
-3.14 L

4.5: Motor X 7

(a) HEE[EIEREERE (X i)

(c) AT EIEHEHE (7 )

314

314

3.14

3.14

314

Motor  Axis
Axis Limit
min max
- om
- ol
A -400 =

4.6: Axis X 7

¥

(b) FEE [EIHHENE (Y o)

F

d) RSB A

4.7: BEEHI
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(a) Linkl (b) Link2

= e

(c) Link3

48 MA42DAT v FhER LY 2
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4.2 LR

4.2.1 BE
REEIRENE

(O FARE AT, JKEERRBIET % X 4.9(a),4.9(b) IO/RT. Fi¥HAE &k X OFIR
ZLTW37D, ) Y7 eERT22 0 TE5. BIRICEHLETY
> &% QIDI TECH Q1 PRO T ABS Z{HH U7-. RUERRN, HERHREEET, 7K
SEAERRE IS 1 R T d - 7.

(a) HEIE[AIEEEEAT (b) 7K el 4z RE

%73, 6HHEOIERRY b 7—24%2K4.10(a) DAY v FTikit Liz. Ao v
FERIIKIZ—ERUCEIE ZEE L, EhBRTIHICE W, BEiORHIZX)Y,Z
O 3IFEELLRAIEBEL, AIFEDY Y7 B0V Y I TEATFEIEL RS X5
WCREEF LTz, 20O I 2L —> 3 YHEEZX 4.10(b),4.10(c) ITRT. ¥ I a2
L— a YHECTEELZ D D%, K4.10(d) 1IRT3DETAEZHIILE. R
roF LOEBHICET T, REORRZ ) VY IPHNENT VD505, X
W2, BV BADERE R T v F T 4 ¥ FUIZEHAAE, K4.11(a) ITRTRANE
2 HBDNEMEED R T v FEER LTz, TDRT v F o HIER L 72D >
a2l —YavOHEEER4.11(b) ITRT. AT v FRICAT L7ALERMRE &3 2
L—ayB—HLTWR I DHERTES. I, AUT—ZhoERLEY
Y27 %MA411(c) ITRT. INBRABRRZ DY Y IHAHhEIhTWE Zebh
B0, EHRDY 7 DABPHIIINTED, VY7 ORIHIIHIET ETWHARW,
T ZAT D ETNEHRIERT 2 0ERD 5.

HIfE75 &

HIEENCX 2 D EMEFH L7z, K 4.12(a) X PC 2 5568 %EZITHLD, XL330
WIEEREET2HMBTHS. USB type-c 7 —7NEHNWTPC kL, 3
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D JST a7 R —7 0% HWTRK 4.12(b) 12783 DXSharingBoard ¥ ##t3 5.
DXSharingBoard (& XL330 NDOBEJFMEEIG 21T 5. F7, HEDE— X & O
AJREREBTH 5. EEOEH N 2K 4.12(c) ITRT. £/, 55X ROBOTIS
DY 7 bv =7, Dynamixel Wizard 2> H3X(ET 5.

4.2.2 A—HYZXATF4

843> X 7 4 Sketch2Joints Z L —HIKER L TH HV, &KEFL7zaRy b7 —

2% 3D 7V A EHWTEIEL 2. BEIZIE Adventurer 5M & Bambu Lab X1
Carbon ® 2 5D 3D 7'V ¥ &ZZHW, MEIXPLA TRELK. SUSICL2ER
FI72aHii e £ > 22— & WM RFHE %217V, Sketch2Joints DL —H LD
T4 I—FhEE T E,D .

REBRAE

Sketch2Joints DR IE L — W EERIZ X > TITo 72, 20 RD B 4 B DOHERE X,
RS RAT L2 HVWTHA411(a) TRT v FITHWE DD EFE TRV 2 ADNHEE
EEERET Lz, ULOEBEZRT 2D, BIEFEOFELVWHIZITOR» o 7.
PR 1 IBAG 1 IR CRIMI 2 ECE Lin, Z0%kd < ISR oz BN
Lia 7z, 10~20 B RRETHBRE B IZATOMET 2 A7 v FRIER L7z, 1
fit%, MR I System Usability Scale(SUS) IZHD K 7 ¥ 7 — M 2fTo7. ¥7,
YERR L7 Ay F28icuRy bZ2ERL, vRy bOZEMECHIEEICEET 5
7= ETo7.

FEAEATFFR

WEBRED R v F &M 4.1312R"F. K 4.13(a),(b) I& Sketch2Joints THAR v h
7=t LT¥Ial—>ay e BEDATRETEAS, M 4.13(c) 3G 2 D20 D
NTLE-TED, 220Ky b7 —22 LTANENS. X4.13(d) IXBEETCH
N—TPTETED, Vo I7EL LTANSNS., D200y FlET I a
L—a YRHCARESEDRELTLES. ZOMBEIHIFI TR ULDPERRT 3
TEHRORENRATH 3. M4.13(a) DaKRy b7 — 2 OEWERERZ X 4.14 1R
§. 3D 7V Y EZEHWTE EL WG Z BN < 2 AITHIA L, BERED K —
R BTz, EEEA 5 R CRE TR . BREICHE D B LR, ®
TEL 7= NEBEIEA X — Dl D OB ENTEZ e b o .
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B HIETA

SUSIZHEDL 70— FOMREX 4.15 18T, IR a 7365 TH5. 2D
AT LARHEBIHEHLEW (203 X7 23D ED FIcElZLEBS ) Tzo
AT LFAL=THEREL, HENR N TWEEES | TZDOY R T LIIEFAHA
HIZZEDZ WS ) NFLATDADRIDI AT AZTIWEHETE3LES
TZDY AT LEMHEVIRD ZENTFEINRZT Z 2T ZAHZ ES ) LTI
HERE DB AR - L TEBhFHfdEW». LIrL, (2O R T 41E> Y 7T
eV T2 27 AR 22 B S5 O >OEBICOVWTIZL—
F DML LRI, 28, (2D A7 AFNED FicEZ e BS N
AEDADRZIDI AT LETIWCEBTEZLES | IZOVWTIEHRWVWIMETE L
FoTWb720, ZOFMDEIHHERENA X — LI-HEDEME X R L T
WABAREER D 2. TZDI AT LRSI T 7 =NV R—- PR & T2
DIATLEEoTWVWBEHENMFTS] 29I 2 O0D0HEBIIOWTIXREWEH
ZREONBI o, FIZEIXERIE, BEE 74— ANy I RBIZLEDDIEHE
Z%. WERE LT, BEHEiDEELSHOFRRLEGBEIROKREITERR L CEF %
KIRY, ULLOREBLTWAREHRZMOIZ L, AT v FOEEILIZYI 2
L—yaYEECTay bTERY, AT vFEEBLIEZBOLZ—FAD T 4 —
RNy 7 ZAMEICS 2 Z e BT o b.

4.2.3 FH{EEER

K416 W RTEIELzn Ry V7 —2 2 ERORT v F N2, i
Y, V7O RE—H L TWBIehbhd. KRICEW:Z5027 T LRE
OYMREBR Ry b7 — L TH L TEBEIX 2L To72. ZOEBROKTZX
A1TIWORT. FEBY IR EBEHI X2 Z 8B TER. R, 77F a1 —&KIZ
FoTuRy V7 —2HEZBEI B 2EBEEZTo7. ZOEBOKEFEX 4.18
WRT. TR > TWB Y 20, RKE Do HICE—XEHIEIL 72
D, HEZFL LT 27200 Lo 3Hs, BEIxEsZ i3 TERPo7. 2
D2ODEEEMNS, et Llza Ry b7 —LADBENERT 2 HRAANOENEL 2
WS Zebhrolz. FILOEE, BEHOT I —DPRELTE—2D1LEFEH-T
Wa79, REKZE—Z2D ML I7AREEDNS.
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4.13: #BRE D AT U 7- B EiTRE S
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System Usability Scale

ZDY AT LAEBEBEICHERALEZV

ZOYRTLEBHEUEICEMEERS —

ZOYATFLEY Y TLTHENR TV

IDVRATLEEIICET I ALY R— MR E

DY AT LRAL—XICHEL, EElenTUEEED

(]

ZDY AT AIBTRAUBRAZNERS —.

FEAEDAR DU AT LETCICBETEEEES

ZOYRT LIRS ZERD
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4.15: System Usability Scale 1232 < 7 > 7 — b DGR
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() EBROKT 1 (b) EEROKET 2

(c) EEORET 3 (d) FEERORT 4
X 4.17: VK% #EREBROMET

(c) FBOHET 3 (d) EBROKET 4
X 4.18: ahRy b7 — A BHEBOBREEERDORET
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55 Sketch2Robpla

RO v Ry bEEHILED I 3SDCAD L FEE R BUEFEIC X » TfT
SFEL, PORARINEEY 2 — L OREINEGTEBNTOHRE AME, b
L7V XTI FED-DOTHS. O _DFREDHHE X L IKA
HENX ML — 2 70BRICBE > TWARERDH 2720, RTvFA VX7 z—
22 KB EERBEL 27 v F 50D 3D EFALERIC X > TEWEIREHE D
Bt E B8 L 72> X7 4 Sketch2Robpla #128R 3 5. ARETIX, Sketch2Robpla D
FIENROFERICOWTIHRNR S,

5.1 Fi&

Sketch2Robpla D84 7F 4 > %X 5.1 IZ/RT. Sketch2Robpla \ZFIRER A >~
R—T 1 — AL EEEBA SV R—T 2 —AD2DODA YR —T7 2 — ATHERINT
W3, 2—YFDRT v FEBIRERA VR —T7 2 —2CANL, 3D ETFTLEER,
AR L7 3D EFARBEIERA VX — 72— RCANL, 2—FOfEIcXk-T
ETNZREI L THHRER 2 2B 2 EF L, URDF (Unified Robot Description
Format) 7 7 A VBT 5. X HI23D E7/VICEFHOME 2L, FIRA
DF—R%EZHI13 5. Sketch2Robpla L —HF DR T v F 5K IBFRTEHEH L rnRy
FeZDTF—XZ2ENT 2 —<EEDS X T LTH 5.

5.1.1 WRERT>2—T71x—2X

FERERA >R —7 2 — A %K 531TRT. DA VR —7 2 —RZ2—F DR
BRLTW2ZaRY MERATZ v FEANTE TS, A7y FIEdk& b AICRETF
FErLTHWLRTED, FMHOZAIIILALEDAADREBEL TWE D, R
roFANERHAT2I8T, ZLOAADERINICERY MEREASTTZZ L
MWTEB., LT, ANMEINIATy FoEBEZENRT 5. 3DETLVEENRT
ZHNCHEBREREH L ICX > T, A7y FIETE#BZF > TV 2 —Y 2%
DEE, ATy FIPIFBFHNEERT 52N TE 5. BHFAERIZIE ControlNet
¢ Stable Diffusion ZRH L TED, FRRAICIEN 5.4 ITRT 8T X — X 2T
BZeMTES. flZRE, FurFhicary FOBERERE AT, AR
SNBZEGEDOFEIAET S, X7y F DD EEOROPIARLI—FIZE 5T

39



FEARE A5 —T2— 2

input output
ATIF Eif 3DEFIL
Inpt M e (S |
ORYrOAENEHKRO R vF P b Nl
Output ; a1 ,
HIRI AT 46 URDF ! ! fm h
5.1: 88 X 7 A Sketch2Robpla
input output
2w F DETIL
‘\‘. \
3 ?s\*fl ControlNet TRELLIS
1 (W
AN

X 5.2: TBIRAER A > &2 —7 = — AWEX]

EFWCERTH 2. ATy 7R T DEBONEE EIF 5 2 vicokhn
DD D00 27 DERTARENDH L. RrvFerary T rONT
VARAEHRBLIWGE, A X AR —L e ControlNet HEZ#EST 5. 7o
YT RICENZ ) FLARMENTORWGEERETA X AR —LDE%
L2z Ty I rOREENENS. TIOREBICKETIERW. A7y F
DIICEEDLD D, SEBECHRI M U 72 Wi5E 1 ControlNet 5ERY FIF 5 Z &
TRT v FOFEEN NS, 0.8-12REICRET 2 L RV, REIZS — F223,
T AN IMEIT VR LICKRSTOBEZNEL FAUEKRKEDHZETHY— NEEHE
T2 THOBEBMBEREINS. £, EREMOEZRD S — FEZEEHL T
BLZET, AFEROBERSAETH 5. BRERNE T L2, TRELLIS
ZHWT3D EFLZ4EMT 3. TRELLIS D& d S — F2LEHET B 22T, [
—[E5H SEED 3D ETFADEMRAEETH D, o — FEEZTEL 2 THER
AJRETCTH BT AT L %o TER LM% K 5.5 K 5.6 1IZR~7F.
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— Sketch to Robot Image Generator
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Tedblc, BLgie ry ST Il
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5.3: WIRAEA v 2 —T7 22—

41



2. ERERTE

7
[EEZIR (Best Quality) v

FEFEEREREET /L EEBERERLET
JO>7

a long leg robot, mechanical design, high quality, detailed

Eak LiznOw bSRREAD LT EEN

ATV IH: 20
o
SZVFEERECIHEESMDET HEE: 20-30)

HAIR A=) 7.5
o
TOT HOSAERE (2 7-9)

ControlNet3®EE: 1.0

@
AL FORAERE (2 08-12)
=R A T3
42 A

B ETEREIEIERRESNET

@ E&ELER

5.4: "ERGERE
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(a) ASIR 7 v F (b) 4 AR5 (c) 43K 3D EF L
5.5: LR 1

s

(a) AHHRT v F b) ZE R c) £ 3D ET NV
5.6: Azfdl 2
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5.1.2 BEEfEms>42—7x—X

oRy FOBFIEREITOIA VR—T 2 —AZM58IC7RF. 2O VR —Tx—
AT, 3D ETIAEHARAA, T—FD3DETIAL 2 — I EEZIAL L
TETNAEDEL, WAOHIMCEESZEETS 5. BlE L7 ES) #1072 8)
EZiERT 5.

: /] ‘
Cutput 3Dt ENRIET — BIEA BERD

5.7: BASIINA > &2 —7 = — AMEEK

3D ETILDFA

FIDIZ, UIELE[BRZHTLTZ 740X 4 70l %&. 3DETLE
AT, TEIRENA v &2 — 7 2 —ZATHERLIZET VLA DE T L EHAAT
ZedTED. 77 ANERIIBELESTLOBI,GLBIZHIELTWS., 7=, 4K
XNz 3D ETFMIZERAPHA ZEATWAEEDL D 3. 3D EFILNERD ZEHIZ
3D 7)) VR THIT BB H 5780, ZITRIZEUELL TEEZED 3.

BPRATYFICE B 3D ETFILAE S LUMEESEE

2Ry POMEEANIE 3D EFT VRIS 25K 2 TITS. ZOHEENMEE
FIEOBUEA 15 Sketch2Joints TDF ¥ Y NZA EADEEY Bz b, oRy b %
N= 3T 3% K5 ICEKANCHEE ZAE S 2 Z e A TES. [Sketch Mode] Z
FT2L3DETNAEL2—DIXFMNEBEIEEIN, 7 v 7H#IEICL->T3DE
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M TRk BSOSO TINGD | Lood Fbder (URDF) | | SkchMode | | OemrSheich | | MePlnes(3) | | G Modd | BpertURDF | | Rrset View

i § & @
1 & 0 B

X 5.8: BHifIINA > &2 —7 2 —2

TN 2 — RIZHRT 2 S 2 Z & AIA[REICI2 5. Z LT [Cut Model] Z# T3 %
Y 2 —H O L7240 DMET 3D EFANTEX NS, 2 —F DR Dk 2
BMEARXTHEDEI3 AP OHEZERL THEITZ. IXIHEESRTZ L
T, DEERPI—FOHEE L —H L, 2—IDPEENNCETLVDOTEEITS Z
EMTE S, FEEROIECRTFIETIE, BEENE, PRz 8ETAI$ 208
W BH, Sketch2Robpla TIXE TNV ZEIRICS X 7 2D HEICRFINE, BEHiE
Wi 25t 5. EIR, X7 adMEOP.OZEEEE L U TR ZECE S
%. [MEENCRE L T3 —V ORERDFEEST 28575 TH 570, WiEH Oz i
T 2 i/ NWTTHIFE & RFO W & I O A2 LLE L, 45 B X b RZ WS U
[HICHEERZRY MLz e U, 45 X D /NS WIGEEUIRE ISKER R b
NEWERE e 35, ©5 50N E RS 22, UMK ERRY L
DONE Fof & OFEFEEARON 5.9 1CRT 7L — LI THRENRRETH 3.
FX Nl FEHIRE] 2 322, K510IRT XA 7R IZRERRSh, BF
FIETHIEMEANC X 2B ERDLTRETH 5.

BEERAX Yy a%xETILE 2 —ICERET S

DEXNzeRy hETALEORY b L TEMRETBE XS 2201201, B
iy UTHRE S 2 EDS BT H 5. Sketch2Robpla TIXRHHIOMERE R o 72 X v
YakFOREL, BUEL-BEEioNE L e Shb8 TERRTE. Ok &,
FEAFI X v ¥ 21 XA E L FEEEDE 2 XS RCERLTWS 2, [HERfo
AEEDEBZTDIIR Yy P 2 DRRVEZRMELT 5. 7, BETEIA v a
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resvohale

X 5.9: BAHIHHR 7 L — 24

Joint Editor

Name:
joint_0
Type:

Revolute ([B1EE)

Parent Link:
part_0

Child Link:
part_1

Axis (XY Z):

-0.999 B -oo00s

Position (X Y Z):
0.000 B o000

Lower Limit:

-1.571

Upper Limit:
1.571

Current Value:

0.000

X 5.10: FEMRE X A 70

EX 59 ITRENZBEHIER 7L — 206K 511LIRT IAET ) X FZFHWV
TERT 2. BEEOX v > 22D RITRT.

o [MfiZfHDFEIA Y U T/KFEZEIRL TWAIGEOHEBSOLEKER T Ay 2

(full_horizontal joint.stl)

o MERHDMIHE L THEZERL TV IHEOMHIOREKEZLRT Ay a

(full_vertical _joint.stl)

[FElERE O & U CTKFEZEIRL TV 358 0BINCHEE S % X v > 2 (hor-

izontal_miyajima_parent.stl)

[l O e U OKFEZEIRL TW 3550 FICHIE S 2 X v & 2 (hor-

izontal miyajima_child.stl)

MR OfEfE Y U CHRE

tical,miyajima,parent.stl)

HEBIRL TOW 255 0BNAEE T 5 X v > 2 (ver-

[Efzff O U TEEZIERL TV 3550 FIICHE T 2 X v & 2 (ver-

tical_miyajima_child.stl)
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Type: revolute
Parent

Child:

Value

Limits:

@ &R

e {0

Rl

full_horizontal_joint.st
full_vertical_joint.ct
horizontal_miyajima_child.sH
horizontal_miyajima_parent.st

Robot Sc vertical_miyajima_child.ct

vertical_miyajima_parent.st

X 5.11: BAfix v a2 A&7 2 b

Tz, BEfiX v apbizZEu Ry METADYITRWE S, 3D ETADOTFH
HarRET 5. BREFZR5.18(a), FREERZKI5.18(b) 1/RT. BREHF XTI
HEBEMIX 2D T4 VIR 7 2AEHWTIRET 5. FREHFIZTIN
HZEH, EHiXy a0 YT 4 7Ry 7 20UMEICEE R FRIOEX
EEmI e LZEAKRE LTERL, THREOHB L §5. mikic, BHixy>a
ORy hOBARA—YZFEE LT, HRIFH® 3D EFLDBERT 3.
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5.12: full_Horizonal _Joint.stl 5.13: full_vertical_joint.stl

5.14: horizontal miyajima_parent.stl 5.15: horizontal miyajima_child.stl

5.16: vertical miyajima_parent.stl 5.17: vertical miyajima_child.stl
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(a) THFRZERT (b) FBkRER
5.18: FIBFRE
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BN {ERESS - RS

TR LU-BEENIXX 5.9 1R S REEIER 7 L — ANIZH % Value 2 7 4 XS
BZrT, ZMNEZEL, 3DEFAL 2 —IT3ZEMMITIEETRR Y N OLEBANE
£33 (K5.19(D)). T XD 2—FITEIFEHRICEI D7 4 — FNv 7 253ZF
b, BEXKGLTW2rRy hOBEIZEHOFORKRY hOBIZX 2K T2 Z
EMTES., HMBLUEMR, A X—Y B R 255 130 EHOREEZITS 22
TE 5. 5.9 DRELHEGE /Axis DE DT HEWTH S RE L, [HliREY)
WIS ST REPZYIDEZ 22N TES. ZORDOEEEENTH D R T
A4 R, RATHVHTOEECERREIN, BIET 2 2 & CRERE I L% [
B3 3. 72, BEINE & FRICK 5.10 ISR T EERE X 4 7 1 25 o [mligkh 2
BIEANTBZ B TES.

7

SER L7 ARy MIZURDEF 77 A L2 ENR—VDX v a I TEL. K—
YDAy alX, Xy akEELERETHENEINS D, 3DATAHY
7 M THAAAT G-code ZIENT B 22 T3D 7V R X AHEWENAEET H 3.
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5.2 ISR

5.2.1 1—HFRER

I—HEERE LT, RED20MRD¥FEEINEHRERE L L THED . HEREEIZ
15 2 D FHBH % 213 724, Sketch2Robpla Z W T a2 Ry b DIBIR ¥ #E % 3%
FtL, 7V —PMNIE R, 22—V OKFEK 520 5.251ZRF. T — MDA
E SUS, NASA-TLX, Z L TUNMIRIAMROREICEFRTL2NETH 5.

o IRy MERKF LAERBICOWT, H25EEHMS ST
o 3DCAD ZfIEL/2IEER, & 25838 ORED

o T8BUED ORZ LT E 72D

o MBBUED OMEZRGITE D

SUS DFERZX 526 1IRT. [ZDT AT LA BEEHHLEZV T2 2T
LERELL RIS B TS AT AT A L—RITHEREL, HiER T
W3R NI AYDABIDIRTLE2TSICEETEZLES ) Ty
2T LB FoTVWREHENFTS) ZhAL0EHIEL TR, BWERNES
Nz FRCHERDEN S 7-THEE, (2O AT LT 7 =P R— P R
THsb. 256, Ul LIKEBEAEOTRBRED TOWRWI e EZILNE.
71, ERBIETH 2L 2 0ERIC—FOEXK E B 2 UMD LS

, UINiR OGRS IEH TR WIGEDN D o /25, ZOBICEGBERORET
&#Eﬁmft< HED EhroleZ e s, T AN R— FORREE 5
722 CIEEEVWEW. T2 A7 LIZEAHAIBENRZ VW ES | T RT 4
WAXREED 002 S | TZDY R T LA ZEIFHTFEINRE Z I3 EAH D
LRSS IS DHEBEEERE I K o TR iz, £72, 2O R T LE
SUTNTHEOR TV L THOITPICE WG Z 272, 2o DRI,
BUEATEOHERIER, DEREROBRNPTETELT, £/, vRy Mt
25 L TRAETIR 2 BAEI &, [ElERil, BEpcBAfRovEicEL T, LRV
BFENZ L Boh, ZNODREHENHHMPNTFIELEZDLLBRWEIEATTH -
e BRERTHEEEZS.

RiZ, NASA-TLX OFfER %X 5.27,5.28 1IZRT. EHEAMFED R a 7 13RI K Ex
LTHbD, RAT7BEWVIHHENL BFEZRE R o722 2R LTV
RERAI 7 DFHEIZ48.9TH Y, FEEAMIFTEETH -7, HEINICR S,
RALT Ly Yy —3FRCREFIREZR TR0/ 2 806 ZDERICKR 2722
EWEZOND. HERERICE L TH I AT LBV THIKICAR D0 %1
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DIEHIZOWTIREEDESIA. DRI EBRFICAREEL ENE T HE
L7z L TWAABREMND D 5. FRC, M7 3D EF VB4R L - g 1
FEEORAEICE D MERBEEHME LRI TE RV e DZ o7, RRICESN
DIEHAED, OB —FBEHVERZRLTWE. ZLT, BHhHRAa 7350
Fx, VEERE, HIIY - FIEAMRO 2 27 S EWERICH 5720, T—Fak
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M3 5.
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W 4O T8I 14 77, BAEIDKFRIEREET 1 > & e E R ET 2 O C 1 KR 23 77,
PO 37T T TH o 7.
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FeE DI

AfZETCldn Ry FRETORENZHIEL, AT v FR—ZA[ VR =T 2 —R
WEZuRy MREF AT LR L. BUDICHEE 2GS L TEFy N
FIcEET 3 2 e cHSifE RN, RSG5 BEINNCY v 2 2ER, 3D
70 ¥ ZTHIRI$ % > A5 4, Sketch2Joints ZBAF L7z, Z4UZ & b IRE Kk
L7 EEIE 7 4 — RNy 7B BEHEE A ), XDEBREHEDSWEIR
AT FEORBEEDHEA L 2. ZofEOREHINE L, ERAL ZHOTEW
TEIREHEZEB L, o5 OMBENC X 2 €7 V083 kOB EIC X - TR
BANE X DERINCL, #EEY T 4 — RNy ZICERLIZETVERBLL /2>
27 A, Sketch2Robpla % BHF L 7.

6.1 FReE

Sketch2Robpla Z W TITo 7z 2 —HFHEET K D, BIRD Sketch2Robpla (213,
I—H LV T 4 ORURPENEDNEZEME E Wo 72N RO o7z, 2 2ilEE
T 2702, T—FNOERNLERIENEORR, i V> 7 oimBafc A,
RS B OMREIRIE L BRI BRIMECHEIA T2 2212k, IO oOMEEERT
BREND D, Fiz, AR LUIZEIE, 3DETFNO—EHREMES FEE, 3SDMMLM
WEZBEEHEDREIC I > T AT LRSI LR IWENRIAD 3.

6.2 BE

AIFZEE, BRy FERGTORERBIEN L -2 EEAICe Ry FRETEITS Z
txHfEL. ZouRy MREFFORFEMZER IR, Zifika Ry MERYE
DIA[REICIR D, —REEANDO TRy s DYENTET TR, FEDRE, XX 71
JGU7zue Ry FREHC Xk o T, KEHGTEXT 20Ky MOLMEXD X HER
Ay FOBFICEBTE 3. F/, 7—XIERICHDEM TS EZ 5. EFET
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WHWA700ouRy b 7T—X2HE3T 5 Z 8T 5. BHZ RoboGrammar @
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