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Dlouhodoba Autonomie STRoLL-MoRoN

Cil: pIna autonomie 24/7
Prostfedi: venkovni - pfirodni park Hostibejk
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Reaktivni navigace ve strukturovanych prostfedich
RoboTour 2006 - navigace v siti cest
+ GPS, kamera, mapové podklady
+ segmentace cesty v obraze
* regulace smeéru podle vysledkl segmentace

Konfigurace mobilniho ro-
botu: kamera, GPS, sonary

Vyhledavani cesty v Open
Street Map
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Reaktivni navigace ve strukturovanych prostfedich
Rozpoznavani cesty:
+ obtizna identifikace okraju,
« stiny a prekazky,
+ proménlivé osvétleni.

Konfigurace mobilniho ro-
botu: kamera, GPS, sonary

Cesta z pohledu robotu
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Reaktivni navigace ve strukturovanych prostredich
Rozpoznavani cesty:
+ obtizna identifikace okraju,
« stiny a prekazky,
+ proménlivé osvétleni.

Konfigurace mobilniho ro-
botu: kamera, GPS, sonary
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Nauc a opakuj (Teach and repeat)

Struktura cest nemusi byt zjevna na jeden pohled.
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Vizualni navigace

Vizualni navigace:
1. Detekce objekt,
2. parovani objekta,
3. odhad pozice kamery,
4. vypocet rychlosti.

Davison et al.: MonoSLAM: Real-time single camera SLAM. IEEE PAMI, 2007

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 6/26
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Vizualni navigace

Vizualni navigace: Problémy:
1. Detekce objekt, Nedostatek objekt,
2. parovani objekta, zmény prostredi,
3. odhad pozice kamery, vzdalenost objektd,
4. vypocet rychlosti.

Ao =

vypocetni naro¢nost.

Davison et al.: MonoSLAM: Real-time single camera SLAM. IEEE PAMI, 2007

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 6/26
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Vizualni navigace

Vizualni navigace: Problémy:
1. Detekce objektu, Nedostatek objekt,
2. parovani objekta, zmény prostredi,
3. odhad pozice kamery, vzdalenost objekt(,
4. vypocet rychlosti.

Ao =

vypocetni naro¢nost.

Zakladnim problémem je neurcitost vysledku jednotlivych tloh.
Principem feSeni vySe uvedenych problémd jsou
pravdépodobnostni modely neurcitosti pozice robotu. Dalezitym
aspektem je vzajemny vliv jednotlivych komponent pozice

(z,y, ). Cela fada autord metod vizalni lokalizace konstatuje,
ze chyba ¢, tedy sméru, ma zasadnéjsi vliv v porovnani s x, y.

Davison et al.: MonoSLAM: Real-time single camera SLAM. IEEE PAMI, 2007

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 6/26
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Princip prezentované metody

Postacujici podminkou spolehlivé navigace je spravnost urceni
sméru a x, y souradnice Ize odhadovat pouze na zakladé
odometrie. 2d/3d lokalizace neni k navigaci nutna. Korekce
sméru na zakladé dat z kamery totiz potlacuje chyby z, y
vzniklé driftem odometrie a zaruCuje Ze chyba pozice
nediverguje[1].

Navrhovana metoda
* pouziva pocitacové vidéni k pouze k odhadu sméru robotu,
* a ponechava odhad z, y na odometrii.

Metoda pracuje ve dvou fazich
uceni - vytvaii se mapa béhem teleoperované jizdy,
opakovani - robot pouziva mapu pro autonomni navigaci.

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 7126
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Nauc a opakuj (Teach and replay)

* operator provede robot danou cestou,

* robot si zaznamena rychlost a otaceni z odvalovani kol,

+ zaznamena obraz z kamery do mapy,

* robot pfehraje Udaje o rychlosti,

+ a koriguje smér na zakladé aktualniho a ulozeného obrazu.

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 8/26
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Nauc a opakuj (Teach and replay)

Image sequence indexed by position pics/along the learned path

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 9/26
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Nauc a opakuj (Teach and replay)

Image sequence indexed by position along the learned path

Image perceived by the robot during autonomous repeat

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 9/26
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Nauc a opakuj (Teach and replay)

Image sequence recorded during learning phase

Image perceived by the robot during autonomous repeat
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Nauc a opakuj (Teach and replay)

Images stored in the 1
e I f

ocal maps

. 13 |

Image perceived by the robot during autonomous repeat

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 9/26
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Nauc a opakuj (Teach and replay)

Image sequence recorded during learning phase

n
==

Image perceived by the robot during autonomous repeat

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 9/26
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Nauc a opakuj - diskrétni model

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 10/26
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Nauc a opakuj - diskrétni model

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 10/26
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Nauc a opakuj - diskrétni model

Robot position
by =ag + (1 4+ ),

—= Leamed path ) by = may + 5
= Posionmoersingy m - heading correction

—— Robot trajectory example

&, v - errors (odo+cam)

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 11/26
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Nauc a opakuj - diskrétni model

o Robot position
| g
— - by = ag + s(14+v),
—= Leamed path ) by = maZ.J + 5 i
= Posionmoensingy m - heading correction

—— Robot trajectory example

&, v - errors (odo+cam)

Error ellipse axes
fiv1 = gi + v,
git1 =mfi +¢§

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 11/26
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Nauc a opakuj - diskrétni model

Robot position
by = a; + s(1 4+ v),
by = may + &.
m - heading correction
&, v - errors (odo+cam)

—> Learned path
—— Initial position uncertainty

< Position uncertainty

—— Robot trajectory example

Error ellipse axes
fiv1 = gi + v,
git1 =mfi +¢§
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Nauc a opakuj - diskrétni model

Robot position
by = a; + s(1 4+ v),
by = may + &.
m - heading correction
&, v - errors (odo+cam)

—> Learned path
—— Initial position uncertainty

< Position uncertainty

—— Robot trajectory example

Error ellipse axes

fiv1 = gi + v,
git1 =mfi +&
p
=" [ | Convergence

= b foo = (6 +0)/(1 —m)

L foo finite if ||m|| < 1.

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 11/26
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Nauc a opakuj - diskrétni model

Robot position
by = a; + s(1 4+ v),

—= Leamed path ) by = may + 5
= Posionmoersingy m - heading correction

—— Robot trajectory example

&, v - errors (odo+cam)

Error ellipse axes

fit1 = gi +,
git1 =mfi +¢§
P (1) Convergence
foo = (€4 0)/(1—m)
f foo finite if ||m|| < 1.

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010 11/26
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Nauc a opakuj - diskrétni model

Krajnik, Faigl, Vonasek et al.: Simple, Yet Stable Bearing only Navigation. Journal of Field Robotics, 2010
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Nauc a opakuj - spojity model

Taught path

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018 13/26
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Nauc a opakuj - spojity model

Taught path
T = +wpy
Y = —wpT

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018 13/26
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Nauc a opakuj - spojity model

Taught path
T = +wpy —Up
Y = —wpT

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018

13/26
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Nauc a opakuj - spojity model

Taught path
T = +wpy —vp +Ur
Y = —wpT

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018

13/26



Tom Krajnik Vizudlni navigace mobilnich robottl

Nauc a opakuj - spojity model

Taught path
T = Hwpy —vp +Up
Y = —wpT —vpylt

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018

13/26
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Nauc a opakuj - spojity model

Taught path
T = +wpy —vp +up +8z
Yy = —wpT —vpylt +5y

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018 13/26
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Nauc a opakuj - spojity model

T = + wpy — v + v + sz
- wpw — vyl 4+ sy,

<.
I

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018 14/26
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Nauc a opakuj - spojity model

T = + wpy — v + v + Sy
i - wpw — vyl 4+ sy,

Maticové:

(5)=( =) () (5)

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018 14/26
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Nauc a opakuj - spojity model

T = + wpy — v + v + Sy
i - wpw — vyl 4+ sy,

Maticové:

(5)=( =) () (5)

s v

Vlastni Cisla matice:

Ur

A2+>\l

+wz2):(),

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018

14 /26
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Nauc a opakuj - spojity model

T = + wpy — v + v + Sy
i - wpw — vyl 4+ sy,

Maticové:

(5)=( =) () (5)

s v

Vlastni Cisla matice:

A2+A%+w§=0,

v, >0, 1 >0 = Re(M\2) <0 iff w, #0.

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018

14 /26
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Nauc a opakuj - spojity model

T = + wpy — v + v + Sy
i - wpw — vyl 4+ sy,

Maticové:

(5)=( =) () (5)

s v

Vlastni Cisla matice:

Ur
l
v.>0, [ >0 = Re()\172)<0 iff wp7é0.

A+ A+ wr =0,

Chyba pozice klesa pokud cesta neni pouze rovna.

Majer et al.: A versatile visual navigation system for outdoor autonomous vehicles. In MESAS 2018

14 /26
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Navigace: Nauc a opakuj

Matsumoto et al.: Visual navigation using view-sequenced route
representation. In ICRA, 1996.

Krajnik et al.: Navigation without localisation: reliable teach and repeat .... In IROS 2018 15/26
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Matsumoto et al.: Visual navigation using view-sequenced route
representation. In ICRA, 1996.
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Matsumoto et al.: Visual navigation using view-sequenced route
representation. In ICRA, 1996.

Chen and Birchfeld Qualitative vision-based mobile robot
navigation. In ICRA, 1996.

Krajnik et al.: Simple, yet Stable Bearing Only Navigation. Journal
of Field Robotics, 2010

Barfoot et al.: Visualteachandrepeatforlongrangeroverautonomy
Journal of Field Robotics, 2010

Paton et al.: | Can See for Miles and Miles: An Extended Field
Test of Visual Teach and Repeat 2.0 In FSR, 2018

Krajnik et al.: Navigation without Localisation: a reliable T-R
based on the convergence theorem In IROS, 2018

Krajnik et al.: Navigation without localisation: reliable teach and repeat .... In IROS 2018 15/26
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UCici se extraktor ryst obrazu

vicedimenzionalni vektor popisujici lokalni gradienty jasu

+ SIFT - jedna z nejznaméjsich a nejstarsich metod

« SURF - rychlejsi varianta SIFTu
binarni retézec porovnavajici jas pixell

* BRIEF - porovnani jasu dvojic pixeld,

+ ORB - BRIEF s ur¢enim velikosti a orientace,

+ BRISK - symetrické pozice pixelt pro porovnani,

+ GRIEF - BRIEF s trénovatelnymi pozicemi pro porovnani

| ¥k ¥
i o i P
| K[k ¥
K| K[

Valgren, Lilienthal: SIFT, SURF and Seasons: Long-Term Topological Localisation. In ECMR, 2007 16/26
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UCici se extraktor ryst obrazu

Image sequence recorded during learning phase

n
==

Image perceived by the robot during autonomous repeat

Krajnik et al: Image Features and Seasons Revisited. In ECMR, 2015 17/26
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UCici se extraktor ryst obrazu

Learned images

Typical features
are robust to :

— viewpoint,

— scale,

— rotation,

— illumination.

Long—term teach—
T&R requires
robustness to :

— illumination,
— seasonal factors

Perceived images

Krajnik et al: Image Features and Seasons Revisited. In ECMR, 2015 17/26
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UCici se extraktor ryst obrazu
BRIEF Binary Robust Independent Elementary Features

A

Krajnik et al.: Image Features for Visual T&R Navigation in Changing Environments. RAS, 2017 18/26
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UCici se extraktor ryst obrazu
BRIEF Binary Robust Independent Elementary Features

[ T RN k¥

Krajnik et al.: Image Features for Visual T&R Navigation in Changing Environments. RAS, 2017 18/26
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Krajnik et al.: Image Features for Visual T&R Navigation in Changing Environments. RAS, 2017 18/26
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UCici se extraktor ryst obrazu
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Krajnik et al.: Image Features for Visual T&R Navigation in Changing Environments. RAS, 2017 18/26
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UCici se extraktor ryst obrazu
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Krajnik et al.: Image Features for Visual T&R Navigation in Changing Environments. RAS, 2017 18/26
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UCici se extraktor ryst obrazu
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Krajnik et al.: Image Features for Visual T&R Navigation in Changing Environments. RAS, 2017 18/26
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Experimental results

The dependence of heading estimation error rate on the number of features extracted.
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Adaptace na postupnou zménu

Dva zdroje neurcitosti:
a) lokalizace, senzory
b) zmény prostredi

Reseni:

- prvni mapa - robustni vici a)

- posledni mapa - robustni vici b)
- vice map - robustni vici a,b)

- pomala adaptace - robustni vici
a,b)
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Experiment Hostibejk

hostibejk.
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Otazky

Diky za pozornost

Prezentace a system available: mobilerobotics.eu

Download:
BearNav system: http://github.com/gestom/stroll_bearnav
Fiducial localisation: http://github.com/gestom/whycon-orig
GRIEF Image features: http://github.com/gestom/grief
Frequency Map Enhancement: http:/fremen.uk
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