
M ö g l i c h k e i t e n  u n d  H e r a u s f o r d e r u n g e n  v o n  

F e r n e r k u n d u n g s v e r f a h r e n  f ü r  d i e  

C h a r a k t e r i s i e r u n g  v o n  W ä l d e r n  u n d  E i n z e l b ä u m e n

i n  Z e i t e n  v o n  K I

F a b i a n  E w a l d  F a ß n a c h t



Á W a s  i s t  k ü n s t l i c h e  I n t e l l i g e n z  ( K I ) ?

Á W a r u m  i s t  K I  i n  d e r  F e r n e r k u n d u n g  

r e l e v a n t ?

Á H e r a u s f o r d e r u n g  1  ï Ü b e r t r a g b a r k e i t  v o n  

F e r n e r k u n d u n g s m o d e l l e n

Á H e r a u s f o r d e r u n g  2  ï G r o ß e  D a t e n  f ü r  d a s  

T r a i n i n g  v o n  K I  M o d e l l e n

Á H e r a u s f o r d e r u n g  3  ï V e r s t e h e n  w a s  d i e  K I  

g e l e r n t  h a t

https://lumiere-a.akamaihd.net/v1/images/r2-d2-

main_f315b094.jpeg?region=273%2C0%2C951%2C536&widt

h=768

Gl iederung

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



Was is t  küns t l i che  In te l l i genz?

D u d e n :  

 ĂFªhigkeit [des Menschen], abstrakt 

u n d  v e r n ü n f t i g  z u  d e n k e n  u n d  d a r a u s  

zweckvolles Handeln abzuleitenñ

Gruber und Stamouli (2009): 

ĂIntelligenz ist die Fªhigkeit eines Menschen zur Anpassung 

a n  n e u a r t i g e  B e d i n g u n g e n  u n d  z u r  L ö s u n g  n e u e r  P r o b l e m e  

a u f  d e r  G r u n d l a g e  v o r a n g e h e n d e r  E r f a h r u n g e n  i m  

gesellschaftlichen Kontext.ñ 

https://www.bmbf.de/SharedDocs/Bilder/de/bmbf/bm

bf_datenbank/1/10/10869.jpg?__blob=poster&v=1

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



Was is t  küns t l i che  In te l l i genz  (K I )?

Á K ü n s t l i c h e  I n t e l l i g e n z  ( K I )  a l l g e m e i n  b e s c h r e i b t  

d i e  I d e e ,  d a s s  m a n  e i n e r  M a s c h i n e  ( i n  d e r  R e g e l  

e i n e m  C o m p u t e r )  b e i b r i n g t  ( =  d i e  F ä h i g k e i t  

v e r m i t t e l t ) ,  b e s t i m m t e  k o g n i t i v e  A u f g a b e n  z u  

b e w ä l t i g e n

Á Dabei spielt der Begriff ñM u s t e r e r k e n n u n gò eine 

g r o ß e  R o l l e  ( a u d i t i v e ,  v i s u e l l e ,  n u m e r i s c h e  

M u s t e r )

Á I m  e n g e r e n  S i n n e  v e r s t e h t  m a n  u n t e r  K I  e i n e  

F a m i l i e  v o n  C o m p u t e r - A l g o r i t h m e n ,  d i e  d e m  

C o m p u t e r  M u s t e r e r k e n n u n g  u n d  d a m i t  a u c h  d i e  

F ä h i g k e i t  z u r  L ö s u n g  k o g n i t i v e r  A u f g a b e n  

e r m ö g l i c h e n

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



Funk t ionspr inz ip  -  K I

Hauskatze

Hauskatze

Hauskatze

Hauskatze

???

Hauskatze

Keine

Hauskatze

Hauskatze

Hauskatze

Training

Vorhersage

https://www.google.com/search?q=katze&tbm=isch&ved=2ahUKEwjt-onYr7r7AhVUxwIHHRuUDKQQ2-

cCegQIABAA&oq=katze&gs_lcp=CgNpbWcQAzIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgARQ5gdYzgpgvA

toAHAAeACAAU-IAfgCkgEBNpgBAKABAaoBC2d3cy13aXotaW1nwAEB&sclient=img&ei=Dd14Y63AK9SOi-gPm6iyoAo&bih=927&biw=1920&client=firefox-b-e#imgrc=HIWaGQfxMc6xoM

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



Beisp ie le  von  opera t ione l len  K I  

Anwendungen -  TEXT

C h a t B o t s  /  Te x t e r k e n n u n g

Á Z . B .  C h a t b o t s  a u f  W e b p a g e s

Á V i r t u e l l e  A s s i s t e n t e n  i n  

S o f t w a r e p r o d u k t e n

Á C h a t G P T

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



Vo g e l s t i m m e n e r k e n n u n g

P f l a n z e n e r k e n n u n g

Á K u r z e r  M i t s c h n i t t  v o n  

Vo g e l s t i m m e n  v i a  H a n d y  

e r m ö g l i c h t  d i e  E r k e n n u n g  

d e r  Vo g e l a r t

Á F o t o s  v o n  P f l a n z e n  

e r m ö g l i c h e n  d i e  

A r t b e s t i m m u n g

Beisp ie le  von  opera t ione l len  K I  

Anwendungen ï TÖNE /  B ILDER

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

Wa r u m  i s t  K I  i n  d e r  

F e r n e r k u n d u n g  r e l e v a n t ?



9

Ein le i tung

ÁF e r n e r k u n d u n g s v e r f a h r e n  i n  

K o m b i n a t i o n  m i t  M e t h o d e n  d e r  

k ü n s t l i c h e n  I n t e l l i g e n z  ( K I )  b i e t e n  

v i e l f ä l t i g e  n e u e  M ö g l i c h k e i t e n  

W a l d s t r u k t u r e n  z u  e r f a s s e n  u n d  z u  

k a r t i e r e n

ÁK I  u n t e r s t ü t z t  d a b e i  s o w o h l  d i e  

z u n e h m e n d e  O p e r a t i o n a l i s i e r u n g  

v o n  F e r n e r k u n d u n g s m e t h o d e n  a l s  

a u c h  k o m p l e t t  n e u e  

M o d e l l i e r u n g s a n s ä t z e

ÁE s  e n t s t e h e n  M ö g l i c h k e i t e n  f ü r  

n e u e  V e r f a h r e n  s o w o h l  f ü r  

P l o t i n v e n t u r e n  a l s  a u c h  f ü r  d i e  

f l ä c h i g e  E r f a s s u n g  v o n  

W a l d s t r u k t u r d a t e n

 

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



10

Ein le i tung

ÁW a s  k a n n  K I  w a s  a l t e r n a t i v e / e t a b l i e r t e  M e t h o d e n  n i c h t  k ö n n e n ?  

 M u s t e r -  u n d  O b j e k t e r k e n n u n g  a u s  B i l d e r n  ( u n d  Z e i t s e r i e n )

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

https://miro.medium.com/v2/resize:fit:4800/format:webp/1*Hz6t-tokG1niaUfmcysusw.jpeg
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Ein le i tung

ÁW a s  k a n n  K I  w a s  a l t e r n a t i v e ,  e t a b l i e r t e  M e t h o d e n  n i c h t  k ö n n e n ?  

 F l e x i b l e  M o d e l l a r c h i t e k t u r e n  Č  Z u s a m m e n b r i n g e n  

v e r s c h i e d e n s t e r  D a t e n t y p e n  i n  e i n e m  M o d e l l  /  

f l e x i b l e r  U m g a n g  m i t  f e h l e n d e n  D a t e n

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Ein le i tung

ÁW a s  k a n n  K I  w a s  a l t e r n a t i v e ,  e t a b l i e r t e  M e t h o d e n  n i c h t  

k ö n n e n ?  

 Ă Wiederverwendbareñ Modelle, die kontinuierlich 

Ăweiterlernenñ und immer besser darin werden ihre 

A u f g a b e n  z u  l ö s e n .

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

https://de.mathworks.com/discovery/transfer-learning/_jcr_content/mainParsys/band/mainParsys/lockedsubnav/mainParsys/columns/34f2a068-7484-4ccd-b506-

5ab35de2a7f5/image.adapt.full.medium.svg/1769158870749.svg



F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

H e r a u s f o r d e r u n g  1  ï 

Ü b e r t r a g b a r k e i t  v o n  

F e r n e r k u n d u n g s m o d e l l e n
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Fors t l i che  Fernerkundungsbe isp ie le

E i n z e l b a u m -  

c h a r a k t e r i s i e r u n g

S t e h e n d e s  

To t h o l z

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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K a r t i e r u n g  v o n  s t e h e n d e m  To t h o l z  u n d  

K r o n e n s c h ä d e n  a u s  L u f t b i l d e r n

ÁK ö n n e n  s t e h e n d e  t o t e  B ä u m e  

v o l l a u t o m a t i s c h  a u s  L u f t b i l d e r n  

k a r t i e r t  w e r d e n ?

ÁS i n d  s o l c h e  M o d e l l e  ü b e r t r a g b a r  

( z e i t l i c h  u n d  r ä u m l i c h )

ÁE i n  B e i s p i e l  a u s  L u x e m b u r g

ÁD i g i t a l e  L u f t b i l d e r  f ü r  m e h r e r e  

J a h r e  v o r  u n d  n a c h  d e n  

D ü r r e j a h r e n  2 0 1 8 ,  2 0 1 9  v e r f ü g b a r

Selina Schwarz

KIT - Karlsruhe

Ca. 2600 km²

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Method ik

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Ergebn isse

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Über t ragbarke i t

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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W e i t e r e s  B e i s p i e l  m i t  f ü n f  

U n t e r s u c h u n g s g e b i e t e n

ÁF o k u s  a u f  t o t e  B ä u m e  u n d  

K r o n e n s c h ä d e n

ÁL u f t b i l d e r  m i t  5 - 2 0  c m  

P i x e l g r ö ß e

ÁE i n z e l n e  M o d e l l e  f ü r  d i e  

U n t e r s u c h u n g s g e b i e t e  +  

e i n  k o m b i n i e r t e s  M o d e l l  f ü r  

d i e  G e b i e t e  i n  E u r o p a  u n d  

I r a n

ÁÜ b e r t r a g u n g  d e s  M o d e l l s  

a u f  e i n  k o m p l e t t  n e u e s  

G e b i e t  i n  d e n  U S A

Training

Hassan Naseri

Gorgan University

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Tra in ingsdaten -Be isp ie le

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Method ik  +  Ergebn isse

ÁV i e r  K I - M o d e l l e  ( b z w .  K o m b i n a t i o n e n  a u s  M o d e l l e n  w u r d e n  

g e t e s t e t )

ÁD i e  K o m b i n a t i o n  v o n  Y O L O 1 1  f ü r  d i e  I d e n t i f i z i e r u n g  v o n  

t o t e n / g e s c h ä d i g t e n  B ä u m e n  +  S e g m e n t  A n y t h i n g  2  f ü r  d i e  

S e g m e n t i e r u n g  d e r  b e t r o f f e n e n  B e r e i c h e  f u n k t i o n i e r t e  a m  B e s t e n

ÁD a s  M o d e l l  w a r  a u f  e i n  k o m p l e t t  n e u e s  U n t e r s u c h u n g s g e b i e t  

ü b e r t r a g b a r  ( a n d e r e r  S e n s o r ,  a n d e r e  B a u m a r t e n ,  a n d e r e r  K o n t i n e n t )

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

Vortrainierte

ñallgemeineò 

Modelle
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Ergebn isse

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Ergebn isse

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Sch luss fo lgerung

ÁD i e  g e z e i g t e n  A n w e n d u n g e n  s i n d  

b e r e i t s  o p e r a t i o n e l l

ÁM o d e l l e  s i n d  ü b e r t r a g b a r  i n  R a u m  

u n d  Z e i t

ÁVo r t r a i n i e r t e  M o d e l l e  r e d u z i e r e n  

d i e  b e n ö t i g t e  A n z a h l  a n  

T r a i n i n g s d a t e n
https://static.vecteezy.com/system/r

esources/previews/009/842/941/non

_2x/understanding-icons-symbol-

elements-for-infographic-web-free-

vector.jpg

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Mobi le  Laserscanner  und  K I

Á N e u e  k o s t e n g ü n s t i g e m o b i l e  

L a s e r s c a n n e r e r m ö g l i c h e n e s  

z u n e h m e n d s c h n e l l  u m f a n g r e i c h e ,  

s e h r d e t a i l l i e r t e 3 D - D a t e n  i n  W ä l d e r n

z u e r h e b e n

Á K I - b a s i e r t e A l g o r i t h m e n e r l a u b e n e s  

w i c h t i g e I n v e n t u r d a t e n a u s d i e s e n

k o m p l e x e n D a t e n z u e x t r a h i e r e n

Á I n  e i n f a c h e n ï m i t t e l k o m p l e x e n

W a l d b e s t ä n d e n s i n d d i e s e V e r f a h r e n

b e r e i t s s e h r a u s g e r e i f t

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

2.000-8.000 ú
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Mobi le  Laserscanner  und  K I

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



B e s t a n d e s s t r u k t u r  a u s  m o b i l e n  L a s e r s c a n n i n g d a t e n
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Mobi le  Laserscanner  und  K I

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

KI-erstellte

Segmentierung

Manuell segmentierte

Referenz

KI-erstellte

Klassifizierung

manuelle

Klassifizierung

Xiang et al. ForestFormer3D: A Unified Framework for End-to-End Segmentation of Forest LiDAR 3D Point Clouds (Preprint)
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Sch luss fo lgerungen

D i e  l o k a l e E r f a s s u n g v o n :

Á D u r c h m e s s e r v e r t e i l u n g e n

Á B e s t a n d e s s c h i c h t e n

Á B a u m a r t e n

Á L i c h t e i n f a l l a m  B o d e n

Á F l u g k o r r i d o r e

m i t t e l s m o b i l e m L a s e r s c a n n i n g f u n k t i o n i e r t

k o n t i n u i e r l i c h b e s s e r u n d  i s t i n  e h e r e i n f a c h e n

B e s t ä n d e n b e r e i t s o p e r a t i o n e l l

Č A u c h  a l s T r a i n i n g s d a t e n f ü r d i e  f l ä c h i g e K a r t i e r u n g

m i t f l u g z e u g g e s t ü t z t e m L a s e r s c a n n i n g u n d  

S a t e l l i t e n d a t e n i n t e r e s s a n t

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g



F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g

H e r a u s f o r d e r u n g  2  ï G r o ß e  

D a t e n m e n g e n  f ü r  d a s  Tr a i n i n g  

v o n  K I  M o d e l l e n
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Fotobas ie r te  To tho lzkar t ie rung

Á T o t h o l z  a l s  e s s e n z i e l l e s  

S t r u k t u r e l e m e n t  i m  

B i o d i v e r s i t ä t s m o n i t o r i n g

Á E r h e b u n g  i m  F e l d  o f t  b a s i e r e n d  

a u f  T r a n s e k t e n  Č  k e i n e  i d e a l e  

R e f e r e n z  f ü r  d i e  f l ä c h i g e  

K a r t i e r u n g  m i t  F e r n e r k u n d u n g

Á V o l l e r f a s s u n g  s e h r  

z e i t a u f w ä n d i g

Á I d e e :  A u t o m a t i s i e r t e  E r f a s s u n g  

v o n  T o t h o l z  m i t t e l s  F o t o s  u n d  

K I - V e r f a h r e n

F .  F a s s n a c h t ï M ö g l i c h k e i t e n u n d  H e r a u s f o r d e r u n g e n d e r  F e r n e r k u n d u n g
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Opt ion  1 :  Syn the t i sche  Daten

Á F ü r  d a s  T r a i n i e r e n  v o n  K I - V e r f a h r e n  s i n d  

g r o ß e  M e n g e n  T r a i n i n g s d a t e n  n o t w e n d i g  Č  

s e h r  z e i t a u f w ä n d i g

Á I d e e :  V e r w e n d u n g  v o n  s y n t h e t i s c h e n  

T r a i n i n g s d a t e n

Á S i m u l a t i o n  e i n e s  W a l d b o d e n s  i n  e i n e r  3 D -

R e n d e r i n g - S o f t w a r e

Á Z u n e h m e n d e  K o m p l e x i t ä t  d e r  

W a l d b o d e n e l e m e n t e  u n d  k o n t i n u i e r l i c h e  

V e r f e i n e r u n g  d e s  D a t e n s a t z e s  

Arvin Fakhri

NMBU Oslo
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Synthe t i sche  Daten

F o r e s t  f l o o r  s u r f a c eS o i l  a n d  i t s  e l e m e n t sS u n  a n d  s h a d o wL e a v e sD e b r i sC a m e r aI m a g e  1 :  n a t u r a l  c o l o u r s
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