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m a ny e m b od im e nts  
cha ra cte rize d  b y how we 

can control it

e va lua t ion  ca n  b e  d one  b y 
humans , t e le op e ra t ion , 

d a ta -g love s

policies to  t ra in  m od e ls  fo r 
rob o t ic t a sks: RT-1, RT-2, 
Octo , Diffusion , Op e nVLA
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Wha t  is  3D vision ?

Ho w we  g e t  information a b o u t  3D?

3 Ta sks & Datasets
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The Turing test (194 9 o rig ina lly) fo r computer vision — a nswe r a ny q ue st ion  
a b ou t  the  im a g e  tha t  a  hum a n ca n a nswe r

semantic questions
(whe re  /  how m a ny /  t e xt )
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The Turing test (194 9 o rig ina lly) fo r computer vision — a nswe r a ny q ue st ion  
a b ou t  the  im a g e  tha t  a  hum a n ca n a nswe r

semantic questions
(whe re  /  how m a ny /  t e xt )

metric questions
(sha p e  /  d is t a nce )
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The  d ifficu lt  t a sk is  total 3D reconstruction , we  ne e d  to  b u ild  a n  a ccura te  3D 
m od e l tha t  a llows:  1) m a nip u la t ion  with  ob je ct s ;  2) im a g e  synthe sis  
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3D vision = 
Me tric Vision  + Se m a nt ic Vision

3D

2D
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Ag a rwa l e t . a l. Build ing  Ro m e  in  a  Da y. I CCV 20 0 9

Find  ke y p o int s  on  the  im a g e s, d e fine  ca m e ra  m o t ion  — “Structure from 
Motion”  → sp a rse  p o int  cloud  tha t  ca n  b e  fu rthe r im p rove d  (SI FT + 
RANSAC) 

ca m e ra  p ose s
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Find  ke y p o int s  on  the  im a g e s, d e fine  ca m e ra  m o t ion  — “Structure from 
Motion”  → sp a rse  p o int  cloud  tha t  ca n  b e  fu rthe r im p rove d  (SI FT + 
RANSAC) 
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The  p rob le m  with  sp a rse  re const ruct ion: sparse a nd  inaccurate (no isy d a ta ) +  
distortions (the  wa lls)
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RGB im a g e  + m a p  o f d is t a nce s to  ob je ct s   → d e p th  o f the  p o int  p a t t e rn  d is to rt ion

PrimeSense t e chno log y, 
lice nse d  b y Microsoft a nd  

im p le m e nte d  in  the  Kine ct  fo r 
Xbox 360 ca m e ra

Projector

"Sm a rt" structural illumination — se t  o f 
sp o ts  a cco rd ing  to  a  t ricky p a t te rn
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RGB im a g e  + m a p  o f d is t a nce s to  ob je ct s   → d e p th  o f the  p o int  p a t t e rn  d is to rt ion

PrimeSense t e chno log y, 
lice nse d  b y Microsoft a nd  

im p le m e nte d  in  the  Kine ct  fo r 
Xbox 360 ca m e ra

Projector

"Sm a rt" structural illumination — se t  o f 
sp o ts  a cco rd ing  to  a  t ricky p a t te rn

Time -of -Fight
(Kine ct -2)
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→ RGB im a g e  is  
com b ine d  with  d e p th  
(D) to  obtain RGBD —
CNN net!

→ To  com b ine  d e p th  with  
RGB ne e d  to  calibrate
ca m e ra  p ose s

→ Se nso rs  ha ve  
threshold fo r d e p th  
e st im a t ion  



ΆBЁp╤‼▌ЇЁΆЅЁÜ½ĖŚĈЁŒĽ½╤╤ŚĈĖ
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Unlike  RGB o r d e p th  ca m e ra s, LiDARs im m e d ia te ly p rovid e  a  fu ll 3D 
re p re se nta t ion , no t  just  a  d e p th  m a p  — time difference b e twe e n the  e m ission  a nd  
re ce p t ion  o f the  s ig na l (p ha se  sh ift )
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→ Ĩ⌂╢ ŚЁ▌‼ЁĖĽ½╤╤⌂╤ⁿ Ё
П⌂ЅŚЅІЁ╙⌂╢ ⌂ĨŚň Ёĺ ŶЁĨ↕ŚЁ
Ĉ▌Ĩ½Ĩ⌂▌╤Р

→ Sparsity of data
(whe re  the  la se r d id  
no t  re a ch the  p o in t )

→ Solid -state LiDARs 
(a u tonom ic ve hicle s)
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● Ü⌂B� ≈ ЙЧ◦ ½╤▌Ĉ½╢ ½ШЁ▌‼Ё
Ĩ↕ŚЁŚ╤ū⌂Ĉ▌╤╢ Ś╤ĨЈЁň Ś◦ Ĩ↕ Ё
Ľ½╢ ŚĈ½Ė Й≈ d : B

● €Ĉ½╤Ė‼▌Ĉ╢ Ё≈ d : BЁ⌂╤ЁĨ↕ŚЁ
◦ ▌⌂╤ĨЁĽ╙▌Ĵ ň

● B⌂ỲŚĈŚ╤ĨЁ⌂╤◦ Ĵ ĨЁň ½Ĩ½ЇЁ́ РЁ
⌂╢ ½ⁿ ŚĖІЁ̈́ РЁ⌂╢ ½ⁿ ŚĖЁњЁ
ň Ś◦ Ĩ↕ІЁΆРЁĖ◦ ½ĈĖŚЁ◦ ▌⌂╤ĨЁ
Ľ╙▌Ĵ ň ІЁΈРЁ◦ ▌⌂╤ĨЁĽ╙▌Ĵ ň



Ca p t io ning , se g m e nta t ion  

2

3D t a sk s  a n d  d a t a se t s
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● Cap3D dataset (1.5 M) 
(b a se d  on Ob ja Ve rse  fo r 
g e ne ra t ion  o f 3D ob je ct s)

● Ca p 3D ne e d s 8 views

● Synthetic ca p t ioning  with  
VLM

û ĺ ╓ŚĽĨЁĽ╙½ĖĖ⌂‾ Ľ½Ĩ⌂▌╤Ё⌂ĖЁĨ▌▌ЁĨĈ⌂ū⌂½╙ІЁĖ▌Ё╙ŚĨаĖЁĖĨ½ĈĨЁŬ⌂Ĩ↕ЁΆBЁĽ½◦ Ĩ⌂▌╤⌂╤ⁿ

Tia ng e  Luo  e t  a l. Sca la b le  3D Ca p t io n ing  with  Pre t ra ine d  Mo d e ls. Ne urI PS 20 23.
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Be ca use  a ll com p one nts  (BLI P2, CLI P, GPT-4 ) a re  p re t ra ine d , Ca p 3D re q u ire s  no human 
annotation a nd  sca le s  line a rly with  the  num b e r o f 3D a sse t s

Tia ng e  Luo  e t  a l. Sca la b le  3D Ca p t io n ing  with  Pre t ra ine d  Mo d e ls. Ne urI PS 20 23.
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● 3D variant of d e te ct ion  a nd  
se g m e nta t ion  t a sks

● 10,000 images from  d iffe re nt  
ca m e ra s 

● e a ch sce ne  wa s shot 1 time , 
withou t  vid e o

● 58,657 b ound ing  b oxe s

S. So ng , S. Lich te nb e rg , a nd  J . Xia o . SUN RGB-D: A RGB-D Sce ne  Und e rsta nd ing  Be nchm a rk Suite , CVPR 20 15
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S. So ng , S. Lich te nb e rg , a nd  J . Xia o . SUN RGB-D: A RGB-D Sce ne  Und e rsta nd ing  Be nchm a rk Suite , CVPR 20 15

● : ▌Ĵ ╤ň ⌂╤ⁿ Ё: ▌ŵЁ½ŵŚĖЁĴ ĖĴ ½╙╙ŶЁ
ĨĈŶЁĨ▌Ё½╙⌂n ╤ЁŬ⌂Ĩ↕ЁĨ↕Ś
ĖŚ╙ŚĽĨŚň ЁĽ▌▌Ĉň ⌂╤½ĨŚЁ
ĖŶĖĨŚ╢ ▌‼ЁĨ↕ŚЁĖĽŚ╤Ś

● : : Ё◦ ½Ĉ½╢ ŚĨŚĈĖЁ½ĈŚЁ
ň ŚĖĽĈ⌂ĺ Śň Ёĺ ŶЁΊ Ёū½╙Ĵ ŚĖЇ
ĽŚ╤ĨŚĈІЁň ⌂╢ Ś╤Ė⌂▌╤ĖІЁ½╤ň Ё
Ĩ↕ŚЁ½╤ⁿ ╙ŚЁ▌‼ЁĈ▌Ĩ½Ĩ⌂▌╤Ё
½Ĉ▌Ĵ ╤ň Ёþ
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S. So ng , S. Lich te nb e rg , a nd  J . Xia o . SUN RGB-D: A RGB-D Sce ne  Und e rsta nd ing  Be nchm a rk Suite , CVPR 20 15

How to  ca lcu la te  IoU metric in 3D ?
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S. So ng , S. Lich te nb e rg , a nd  J . Xia o . SUN RGB-D: A RGB-D Sce ne  Und e rsta nd ing  Be nchm a rk Suite , CVPR 20 15

Oriented IoU — m a tching  in  Z-a xis + 
in te rse ct ion  o f 2 p ro je cte d  p o lyg ons 

Average Precision (AP) — for a ll 
cla sse s o f ob je cts a nd  se ve ra l I oU 
thre sho ld s, m AP@0 .25 a nd  m AP@0 .50
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S. So ng , S. Lich te nb e rg , a nd  J . Xia o . SUN RGB-D: A RGB-D Sce ne  Und e rsta nd ing  Be nchm a rk Suite , CVPR 20 15

3D Segmentation:

cla ssifica t ion  o f 
sce ne  p o int s  – you  
m ust  p u t  a  cla ss  
la b e l
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S. So ng , S. Lich te nb e rg , a nd  J . Xia o . SUN RGB-D: A RGB-D Sce ne  Und e rsta nd ing  Be nchm a rk Suite , CVPR 20 15

3D Segmentation:

cla ssifica t ion  o f 
sce ne  p o int s  – you  
m ust  p u t  a  cla ss  
la b e l

Instance Vs 
Panoptic? 
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ŒЅЁŒ▌╤ⁿ ІЁŒЅЁÜ⌂Ľ↕ĨŚ╤ĺ ŚĈn ІЁ½╤ň ЁÇЅЁł ⌂½▌ЅЁŒ‚ í Ё≈ d : ЗBЇЁ� Ё≈ d : ЗBЁŒĽŚ╤ŚЁ‚ ╤ň ŚĈĖĨ½╤ň ⌂╤ⁿ Ё: Ś╤Ľ↕╢ ½Ĉ╖ЁŒĴ ⌂ĨŚІЁ; ˚ ¬≈ Ё̈́ � ΄ Ή

● Instance — cloud  m a rkup  
p o in t s  with  la b e ls  o f 
ind ivid ua l insta nce s o f 
ob je ct s  

● Panoptic — insta nce  + 
se m a nt ic se g m e nta t ions
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Arm e ni e t .a l. 3D Se m a nt ic Pa rsing  o f La rg e -Sca le  I nd o o r Sp a ce s, CVPR 20 16.

● Sca nning 6 large -
scale areas on the  
Sta nfo rd  Unive rsity  
ca m p us

● Tota l o f ≈272 rooms
— office s, 
cla ssroom s, 
co rrid o rs , confe re nce  
room s

● 215 million 
three -dimensional 
XYZ coo rd ina te s  with  
RGB co lo r
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Arm e ni e t .a l. 3D Se m a nt ic Pa rsing  o f La rg e -Sca le  I nd o o r Sp a ce s, CVPR 20 16.

● 13 semantic classes 
(wa ll, floo r, ce iling , 
co lum n, e tc.)

● Instance tags: e a ch 
ind ivid ua l ob je ct  is  
a ssig ne d  a  uniq ue  I D

● Markup files a re  
sup p lie d  fo r e a ch 
com b ine d  cloud .txt  with  
XYZRGB a nd  two-la b e l 
m a rkup  
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ht tp :/ / www.sca n-ne t .o rg /

● û ╤ŚЁ▌‼ЁĨ↕ŚЁ╙½Ĉn ŚĖĨЁĈŚ½╙Ёň ½Ĩ½ĖŚĨĖЁ́ Ή́ ΆЁĖĽ½╤ĖІЁ
Ό� � њЁĈ▌▌╢ ĖІЁ╢ ▌ĈŚЁĨ↕½╤Ё̈́ ЅΉê Ё≈ d : BЁ‼Ĉ½╢ ŚĖ

● í ▌ĨЁ▌╤Ё½Ё◦ ½╤▌Ĉ½╢ ⌂ĽЁĽ½╢ ŚĈ½ІЁĺ Ĵ ĨЁ▌╤Ё½Ё◦ ▌ĈĨ½ĺ ╙ŚЁ
Ĩ½ĺ ╙ŚĨЁĽ½╢ ŚĈ½ Ŭ⌂Ĩ↕Ё½Ёň Ś◦ Ĩ↕ЁĖŚ╤Ė▌Ĉ
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I t 's  d ifficu lt  to  m a rk up  room s a g a in , we  ca n  m a ke  add –ons on top of this dataset —
loca liza t ion  o f a n  ob je ct  b y t e xt  d e scrip t ion
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↕ĨĨ◦ ĖЇГГň ½ūŚĈŚň ĈĴ ╢ Ѕn ⌂Ĩ↕Ĵ ĺ Ѕ⌂▌ГŒĽ½╤≈ Ś‼ŚĈГЁПL; ; ˚ Ё̈́ � ΅ � Р

● 51,583 text descriptions
fo r 11,0 4 6 ob je ct s

● 800 ScanNet sce ne s

● Ma nua l m a rkup  via
Amazon Turk

● Che cking  b y students –
the y ne e d  to  find  the  
ob je ct  

● St ill one  o f the  main 
datasets fo r 3D visua l 
g round ing
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● Extension of 3D visua l 
g round ing  

● Prop e rt ie s  o f ob je ct s , the ir  
relative location , a nd  how 
to  find g roup  o f ob je ct s  

● Answer ca n b e  different
(no t  only BB): 1) t e xt  + BB, 
2) t e xt , 3) t e xt  + m ult ip le  BB
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ht tp s:/ / g ithub .co m / ATR-DBI / Sca nQA (CVPR 20 22)

● Sca nNe t  + Sca nRe fe r + a d d it iona l m a rkup

● inco rre ct  /  irre le va nt  q ue st ions
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big burger

dog

; @A; C=FK

RefCOCO dataset
in it ia lly  use d  tha t  d a ta se t , which  ha ve  s im p le  sho rt  p rom p ts , 
samples from  the  d a ta se t :  

Pa p e rs with  co d e . Referring Expression Segmentation on the RefCOCO benchmark .

https://paperswithcode.com/sota/referring-expression-segmentation-on-refcoco
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Pa p e rs with  co d e . Referring Expression Segmentation on the RefCOCO benchmark .

RefCOCO dataset
Exp lo re d 6 state -of - the -art models : HI PI E, GLEE-Pro , UniLSe g , Po lyForm e r, UNI NEXT, VLT

Found  ou t  tha t  a ll le a d ing  m od e ls  a re  no t  rob ust  to  'negative prompts'

: GLLGE� : J G; ; GDA

GLEE [CVPR 2024]

right bird

HIPIE [NeurlPS 2023]

elephant on the left

UniLSeg [CVPR 2024]

https://paperswithcode.com/sota/referring-expression-segmentation-on-refcoco
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Tsung -Ha n  Wu e t  a l. Se e , Sa y, a nd  Se g m e nt : Te a ch ing  LMMs to  Ove rco m e  Fa lse  Pre m ise s. CVPR 20 24

Using  re fCOCO fo r b a se  im a g e s, a u tho rs  e m p loy a n  LLM to  a ug m e nt  a  fa lse -
p re m ise  re fe rring  se g m e nta t ion  d a ta se t  with  context -aware false premise queries

https://tsunghan-wu.github.io/
https://tsunghan-wu.github.io/
https://tsunghan-wu.github.io/
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ht tp s:/ / sce ne -ve rse .g ithub .io /  (ECCV 20 24 )
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● 3D ob je ct  captioning (3D classification)

● 3D detection

● 3D semantic , 3D instance , 3D panoptic se g m e nta t ion

● 3D visual grounding a s a  d e ve lop m e nt  o f the  3D d e te ct ion  
ta sk

● 3D Question Answering



3D-LLM, Sp a t ia lRGPT

3

˚ ⌂ĖĴ ½╙Ё╙½Ĉn ŚЁ╙½╤ⁿ Ĵ ½ⁿ ŚЁ
╢ ▌ň Ś╙Ė
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ht tp s:/ / g ithub .co m / UMa ss-Em b o d ie d -AGI / 3D-LLM (Ne urI PS 20 23)

1. Ta ke  our 3D scene (a  cloud  o f d o t s  
o r a  m e sh o f a  room ).

2. Using  virtua l ca m e ra s, we  gather 
photos of the scene from  d iffe re nt  
a ng le s

3. Fo r e a ch re nd e r, we  run  CLI P a nd  
g e t  a  fe a tu re  ve cto r 

CLI P fe a tu re s  a re meaningful for 2D case!
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http s:/ / g ithub .co m / UMa ss-Em b o d ie d -AGI / 3D-LLM (Ne urI PS 20 23)

1. Each virtual camera ha s it s  own 
p ro je ct ion  m a t rix a nd  d e p th  m a p

2. CLI P fe a tu re s  from  d iffe re nt  
a ng le s  ca n  b e  "se wn" to  3D 
points
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● Ge ne ra te  q ue st ions 
with  Cha tGPT, 
a nswe rs  with  BLIP -2,
a g g re g a te  q ue st ions 
a nd  re writ e  the m

● Ma ke  m ore  d ive rse  
d a ta se t  from  ScanQA

3D-la ng ua g e  d a ta  g e ne ra t ion  p ip e line s

ht tp s:/ / g ithub .co m / UMa ss-Em b o d ie d -AGI / 3D-LLM (Ne urI PS 20 23)
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ht tp s:/ / g ithub .co m / UMa ss-Em b o d ie d -AGI / 3D-LLM (Ne urI PS 20 23)

3D-LLM: Re su lt s

re su lt s  on  ScanQA va lid a t ion  se t

● The n, 2D models in  
ze ro -sho t  g a ve  p oo r 
re su lt s  fo r 3D ta sks 

● LLM gives a boost
in  the  3D QA ta sk

● 3D fe a tu re s  a re  
im p orta nt
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↕ĨĨ◦ ĖЇГГŬŬŬЅ½╤╓⌂ŚĽ↕Ś╤ⁿ Ѕ╢ ŚГŒ◦ ½Ĩ⌂½╙≈ d ¬€

SpatialRGPT is  a  Vision-
La ng ua g e  Mod e l (VLM) 
focuse d  on spatial 
reasoning

Sp a t ia lRGPT works purely 
on 2D images b ut  le a rns to  
und e rsta nd  3D sp a t ia l 
re la t ionship s

Go  b e yond  ScanNet -style datasets (which  a re  m ost ly ind oo r 3D sca ns)
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ht tp s:/ / www.a n jie che ng .m e / Sp a t ia lRGPT

Filt e ring  p roce ss  to  
re m ove  a ny unsu ita b le  
im a g e s 

½Ĵ Ĩ▌╢ ½Ĩ⌂ĽЁň ½Ĩ½ЁĽĴ Ĉ½Ĩ⌂▌╤Ё◦ ⌂◦ Ś╙⌂╤Ś
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● GroundingDINO m od e l to  
d e te ct  ob je ct  b ound ing  
b oxe s 

a u tom a t ic d a ta  cura t ion  p ip e line
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● GroundingDINO m od e l to  
d e te ct  ob je ct  b ound ing  
b oxe s 

● Est im a te  m e t ric d e p th  o f 
e ve ry p ixe l using  
Metric3Dv2 (foca l le ng th)

a u tom a t ic d a ta  cura t ion  p ip e line
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● Ca lib ra te  ca m e ra  in t rinsics
with  WildCamera a nd  
PerspectiveFields

a u tom a t ic d a ta  cura t ion  p ip e line
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a u tom a t ic d a ta  cura t ion  p ip e line

Pro je ct  e a ch 
ob je ct  m a sk in to  
3D space using  
d e p th  + ca m e ra  
info

De rive  a  scene 
graph 

Ma ke  rich QA 
pairs , ~8.7M QA 
conce p t s
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RoI -Align fo r g e ne ra te d  m a sks, ViT p roce sse s the  ra w RGB image in to  a  g rid  o f 
fe a tu re  toke ns, depth map p a sse s throug h a  sm a ll CNN
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ht tp s:/ / www.a n jie che ng .m e / Sp a t ia lRGPT

Firs t  sp a t ia l d a ta se t , fo r t e st ing  a u tho rs  use d  p a rt  o f 
the ir b e nchm a rk



VLLMs: LLa VA-3D
≈ŝ ħנג ўŝ � � �
�U � Е Ъķ ŝ Ѓַ

36

http s:/ / zcm a x.g ithub .io / p ro je cts/ LLa VA-3D/  (20 24 -0 9)

● Pre se rve s the  a b ility  to  
und e rsta nd  2D images

● Exp a nd  the  m od e l with  
the  p a rt  conne cte d  with  
the 3D understanding 

● Give  the  im a g e s from
different angles 
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Ge ne ra te d  the ir own dataset (com b ina t ion  o f 2D a nd  3D) – 1M inst ruct ions, ~sota



3D-LLM, Sp a t ia lRGPT

4

; � BЗ╢ ▌ň Ś╙Ė
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Build  a  fu ll-fle d g e d  constructive model (CAD) of the  se le cte d  p a rt  in  the  e ng ine e ring  
so ftwa re , in  o rd e r to  p rod uce  a n  e xa ct  cop y o f the  p a rt
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p ho to  ╢ ŚĖ↕Ё B-re p  

Mesh approximation (p ie ce wise  
line a r a p p roxim a t ion  o f a  
cylind e r)

I t  ca n  b e  d one  using  splines —
b ound a ry-re p re se nta t ion  
(e xa ct  m a the m a t ica l m od e l)

CAD-m o d e ls : Re ve rse  Eng ine e ring  
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re a l d e vice  with  m ult ip le  d e ta ils  ΆBЁ╢ ▌ň Ś╙

Mesh approximation (p ie ce wise  
line a r a p p roxim a t ion  o f a  
cylind e r)

I t  ca n  b e  d one  using  splines —
b ound a ry-re p re se nta t ion  
(e xa ct  m a the m a t ica l m od e l)

CAD-m o d e ls : Re ve rse  Eng ine e ring  
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re a l d e vice  with  m ult ip le  d e ta ils  

1. d e vice  is  se q ue nt ia lly  disassembled in to  
p a rt s , record the  p roce ss

2. calibration m a rks + 3D sca nne r

3. manual measurements of ind ivid ua l 
e le m e nts

4 . sca n (mesh ) o f the  m od e l is  loa d e d  in to  
the  so ftwa re

5. engineer manually designs the  p a rt  so  
tha t  the  re su lt  m a tche s the  sca n

6. manager validates the  re su lt

; � BЗ╢ ▌ň Ś╙ĖЇЁ≈ ŚūŚĈĖŚЁL╤ⁿ ⌂╤ŚŚĈ⌂╤ⁿ Ё
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The  p a rt  ca n  b e  s ig nifica nt ly damaged

CAD-m o d e ls : Re ve rse  Eng ine e ring  
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BŚŚ◦ ; � B cvi2

Autod e skAI La b
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The re  a re no surface pieces in the scan d ue  to  the  lim ite d  sca nning  a ng le s  in  
p ra ct ice
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1. random holes in  the  m e sh 
(ne e d  to  b e  re p a ire d )

2. round  ho le s  in  the  m e sh d ue  
to  marks (ne e d  to  b e  
re p a ire d )

3. round holes in the part it se lf 
tha t  look a lm ost  like  round  
ho le s  in  the  m e sh (ca n  no t  b e  
re p a ire d )

4 . ra rt  o f the  m e sh b e long s to  
another part

Ma ny m ore  a rt ifa ct s
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Винт сердечника

Вращение как формообразующая операция
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Примеры дорабатывающих операций
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CAD-Re co d e : Re ve rse  Eng ine e ring  CAD Co d e  fro m  Po in t  Clo ud s 



CAD-m o d e ls : Da ta se t s   
Lecture #5
3D m o d e ls

4 6

; � BЗ≈ ŚĽ▌ň ŚЇЁ≈ ŚūŚĈĖŚЁL╤ⁿ ⌂╤ŚŚĈ⌂╤ⁿ Ё; � BЁ; ▌ň ŚЁ‼Ĉ▌╢ Ё¬▌⌂╤ĨЁ; ╙▌Ĵ ň ĖЁ

Ĉ½╤ň ▌╢ ⌂ẀŚň LLM-b a se d

● Ra nd om ize d  g e ne ra t ion  o f e xa m p le s 
b a se d  on op e ra t ions (p ro file , e xt rud e )

● The  e xa m p le s a re  no t  ve ry m e a ning fu l

● I d e nt ify 10 -20  com m on typ e s o f p a rt s  

● Use  LLM to  g e t  the  p a ra m e te riza t ion  
o f the  p a rt s  b a se d  on the  d e scrip t ion  
o f the  p a rt  cla ss  
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Co n clu s io n s

1

2

3

3D vision = se m a nt ic + m e t ric vis ions

c ▌ĈЁn ½Ĩ↕ ŚĈ⌂╤ⁿ ЁΆBЁň ½Ĩ½ ŬŚЁĽ½╤ЁĴ ĖŚЁ
ň Ś◦ Ĩ↕ЁĽ½╢ ŚĈ½ĖІЁÜ⌂B� ≈ ĖІЁЁ◦ ▌⌂╤ĨЁĽ╙▌Ĵ ň ĖЁ

≈ ŚĽŚ╤ĨЁ½ň ū½╤ĽŚ╢ Ś╤Ĩ ▌‼ЁΆBЁê ÜÜê Ї
ň ½Ĩ½ĖŚĨЁ◦ ĈŚ◦ ½Ĉ½Ĩ⌂▌╤ЁњЁΆBЁ‼Ś½ĨĴ ĈŚЁ
Ś╤Ľ▌ň ⌂╤ⁿ ЁĨ▌ЁĨ▌╖Ś╤ĖЁ
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Когда прочитал весь материал на курсе, 
который смог, и студенты пошли 
сдавать бизнес-проекты
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