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Chapter 1

Introduction

1.1 Motivation
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1.2.2 Deep semantic segmentation
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1.3 Contributions

T m®m =mr ou » S pr S wr x » e S wg ™ PS
S gm W oW ol x ng WS Wy » X SSmM W WS
X SS Ng »S Swm m x W S P IrXrm ™ P WZNg

®OW SN & s
n X Ng W oppr W wro oW ox »noox o s s RS X

SH ™ S gm ®oS Z ™ ®m X ARoWr R X AWRS
»ws S S » X

Ss T m gnr ™ W™ Imw
»n

s » x oW wr
S mm SSS g M WS ®wgpu X WP spr Ul
ngs r W xr w T Uhy SS Wmwum rprx » mS S S
» suss T ss wmas s RCUE ) Ser ™ S KW xS Sm
CRB now x ss bs SS ®m S x RSP ® S wss
T » x xor M egs wmps X owa P x s S »
P x s s s s » nOWOR W S wajp s's
X X XSS W WP MW ST = pr IREOS WP MWW
X was x np » w T mwx us S M R s wwp S »
pn@ P Pxx rs pw » » oSS W X spr
T » x wu w »r P WS S px »
wp S S ® S x s s wa
e X ) W Ir I wuswngpu g mp oW
G w» rg sfirs  xx » WS b r mg WS S
o o r rR xmg wmgw wswng p nG XWX X Mg WS S Swn
neg MLEX R S P US W mr mrwms prwm T r s s
S wajp s m S Sr rr mAm g ¥
LI ¥ @ ® » xx XX R OWS MK R MWW NG WNg S W
P r s S XX XS X X r ™ r s S X



» UACB T s wng
» »r
X¥® rRNgs s m
S » gmr
S 4 g S
X X mRgmpp W
e P r rmm
s & S rm
S XX XS M r W
» X mnNg
S gm P WR
Sww W WS S
X XX R R

xx » S Ss W S s m
SS ws sl r ® g nx »
RR X R XNg x SH R S gm W

ne » SSs moox »

®»ows s x wm PSP » %S W
» wem xsus Trms x xwng
»oorow ram woor o m
Xs mr s r s X o wap x
® S Z WSS WS wgww P
BOPrRgS MM S gRm W » Mg s
ng » wm REX®WS W RS X W

»

S

RS



1.4 System overview and structure of report
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Chapter 2

Theoretical Background

2.1 Kinematics

2.1.1 Rigid transformation matrix
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2.1.2 Euler angle parameterization
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2.1.3 Twist Coordinate Parameterization
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2.2 Cameras

2.2.1 Pin-hole Camera Model
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2.2.2 Lens distortion
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2.3 ICP - Iterative Closest Points
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poinToLine = nl(P —Py) (1)
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2.4 Edge detection

2.4.1 Sobel
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2.4.2 Canny
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Chapter 4

Terrain Model Generation and

Rendering Engine



4.1 Heightmap Processing

4.1.1 Acquiring Heightmap Data
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4.1.4 Varying Levels of Detail
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4.2 Triangle Mesh Creation
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4.3 Model Rendering with OpenGL
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5.0.1 Orientation estimation with ICP
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5.0.3 Correcting Camera Angles for Larger Time Periods
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5.0.3.1 First Angle Correction Run
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5.0.3.2 Second Angle Correction Run
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Chapter 6

Semantic Segmentation



6.1 Creating an Image Segmentation Data Set
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6.2 Semantic Segmentation Network

6.2.1 Architecture and Transfer Learning
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6.2.2 Training Setup

6.2.2.1 Initial Over-fit Test
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6.2.2.2 Random Data Augmentation
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6.2.2.3 Loss Function
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6.2.2.4 Optimizer and Learning Rate
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6.2.2.5 Irn rate le-3 with step decay
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6.2.3.1 Sliding Prediction
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Chapter 7

Localization Using
Semantically Segmented

Camera Images



7.1 Algorithm overview

T pup s gr mWms o “ms oW Twoxm x
x S gws rw mr wags( 4) SM M s gmwm »
mr wmgs|( ) wsr » mp r wg wfigaxr 1T s
» X » W zZwg S ®s rw S R WA Z »w »
s m M Xw Wg P MmS W XX Sp WM Ng WX wg P WS S
P rom » €S r ®»m m X &8 S® S W m
® WS w figar z wss msfl  ss w
wnfigaxr 11T ms s m S PSS W z » Rz
S rm S ws p w P RZ WS X s m RS X W
r rXpsS S®M W WS i rwg nau s r ws us oW S
X rsx nS W s » »r ws fi » T s s
wax X ®»SSs ™SS S ¥ gr m S gma W »nom
X mg S s ®m W Z WmSEAMW S WW T
“gur 1 wsrx 0w LI ] WP rTREX W g S ™ x



Swyp fi s s o x gr wmss @mwm gr wl
s P w » » ngprgrmps T g€ WS 1S s m
» Z » r X @X SS Wg W » T =« W oww » S
gr ms nSwmp ICIC TS R R -4 B W S WS S S s
X rRNg W g S gm M » . r W™ S X s by
frm ms smnw es n we MRS Ss x x
SWRARA X Z S g S ol »S x » g i m »npg
Lt &1 mwms ®oS xpewmop T psow s &
¥ Xm S WM WS xS »wa X » xS wSs s px
sw S & x B W ppr  SSwg »r now »r » »
It now i IR .1 »
» i R 1 P sws g g s w w R rwe
R gsm X " og s m mroxom » es
m ffrmsmm rg msm rm rwmg s gw € NS smwm Sg
C nS  owaw P WX wag s s wa w s pps T smwmw
S €S r xsp S mgus wg ns m s S »Ow
s rtwms wms T s g85S x an g WS es XX Sp W Ng S ®
S g% W NG M WS WS NE W €S sS s m»m m i
Twr o oxwa x XX X W sur S MgwmwZ r s p W noos w
T us ws P W PR XXX WmowWs rms ® rgm SW
nOR S gw » rom P RZ WSPW Z rR Ng
nSpr rsm s w ng W sur S nsp fi
P RS W T » » mooxxox X SR PR Z SKE W OWmw
g S X W Xgmwm WMrg WS S|p xS ur » ous T W
noos w x P WSr aurs fim w T oug W ® ®s
T ss fin W x » x » s fim x 8s
» SH W™ S g W n g SW g s m rm xwg ol
rum w W rewr Lt » DY rs T m 1w Xs x
» sy nSS W sw neg es » IR Xs x S » T s
nSUx S e s X 88 o » nOw n IR xS
o wmg T ws T o » € P ™S W™ ®Wmrm SS



» 1T xm © gs «x »r r W™ SwuSwg rmwor
» P W mr smrms wmox T wm X »rSS en ng
P ®SSS ¥ C R
S x Ps » nms r rwm rwRg €S » o »
»r r® X @S r WS X WS KW WS Ng » s ne o
ws x s m z s (4 » wp » r »T ss
» R w ' WS SHRUR X Z ropx Mg S WgP WS WS
IR rRgm mSs s w s ®» WS xopx
w s X e » ol I X WX Or oW mg s
ST wr W e S r W x S srx » T rm mwgr pr
rm xr @SM™ rsm g urs W wg XS gwmm »n o gs r
L1 x mr o o®m ox g » T sssp wp xprswm wg
TS g w ® &S S Tr s us wng » np gsp» T mg
s gwm W » g8 ¥ s m xr mSs X sSm » X
o P wm xrspwm om o s Xomx »nl m® s X om Xox
s x ¥ WSP W  XXSPW W S X rs w
o rs(p W m S ™ 8 m ®S ¥ S XX KS X mr W
1 T rrx wm WS RNgRANWZ X mrx PSS W
s prwm Sw we ms r W S ® S » » » Wz
us W » wg ®X SrS W XX XS W s T m s sx
» » & WusSs W ® S WS fim » W g WS pp® S
® WAMMZS xs w xrxsT s pm g WP S SPrm rz
n R us v g r ®m W o s W x S 4rg
X WS IR RMm X wsmg Pw® sr rgws xwaw T sswmr s
G VB T U »nopr w0 b2 L BN us s
R R X mwaox » nww S s m WS
wms T » RS P sws wp L wg ws x s
x » TR Xp WS X WS rW » rom » »s
» w s ®g S W W rgm s pps I, % SS

» wpr S ppSs



» » MOrX I XWMRRZ W SWE Sew ¥ frm s

iG] Mg W Sgwmw » S WS ¥ » ® r  spr W
O ¢\ o SPp ®S  wmg S o s B Ss® ws
®» s ¥4 M gs W » ne »r » S
®n oW g S s W waw sm ff xxrx swg P «x
R Xp WS wNgwus W o »ows ® Wrs s m W
o ff XX X " m s r GP  pr gr mama ng r W
S W nS ¥ ng » W XX Sp W W X mopw
| r Ter  rwa x ug wswgswap SS ¥ S W xg W
s » x X SW »r w P mwmmzs
s ® » rspwm T s »m 1xm X Ng " g S rHm
S gm s m wmps( s w ®moars) W s S® s m ffrm
rWasr g ®owr x  wg P ws BT pr Pr SSwWg Trg W™ S
i Ul rg mrx [ Xg X @ MS WM WS r g WS ne
»ooar o gl g S WK MW roorm ng r x



Algorithm1 fim s pp s r ms gww MK Wgs

Require: shipPose,camSegs, camPoses, intrinsics
for all cam < cams do # s s s m S S ®m S s
segEdges[cam], segNormals[cam] < get_edges_and_normals(camSegs[cam])
segEdgesTree[cam] « makeKDTree(segEdges[cam])
img[cam), depth[cam] < render(shipPose, camPoses[cam], intrinsics[cam])
edges < get_edges(img[cam])
edges DInit[cam] « backproject(edges, depth, intrinsics[cam])
end for
T — eye(4)
fori = ton_iterations do
resErrList = []
JjacobiansList = []
for all cam <« cams do # s s s m S S ®m S s
T « SE4(shipPose)
T;, < SEA(camPose[cam])
T « SEA(internal.viewAngles)
TS o (T) (T3 (1)
edges D « transform(edges DInit[cam],(T}')"'TT.)
edges «— project(edges D, intrinsics[cam])
idx < segEdgesTree[cam].query(edges, internal.outlier_thresh)
targets « segEdges[cam][idx]
normals < segNormals[cam][idx]
resErrList.append(normals” (targets — edges))
jacobianList.append(jacobian(normals, edges D, intrinsics[cam], T}"))
end for
AE — get_step(jacobianList, resErrList)
T «— exp(AE)T
end for

return T, T




7.2 Algorithm details

7.2.1 Calculating edges and normal vectors
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Algorithm 2  r rXRS W™ g ® S » SM W WSS

Require: mask1, mask
gx « convolve(img1, sobelX)
gy « convolve(img1, sobelY)
edgeMask «— (gxorgy)andimg # g » s
return np.argwehere(edgeMask)

Algorithm 3  «r RS W g P S W swm »rw xs
SW M WSS

Require: mask1, mask
imgl « gaussianplur(img1)
gx « convolve(img1, sobelX)
gy < convolve(img1,sobelY)
edgeMask «— (gxorgy)andimg # 8 » s
normals «— [gx[edgeMask], gyledgeMask]]
normals_norm < norm(normals)
edges «— numpy.argwhere(edgeMask)[normals_norm > threshold]
normals < normals[normals_norm > threshold]

return edges, normals

7.2.2 Justification for the Edge Reprojection Scheme
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Chapter 8

Localization Experiments and

Results



8.1 Artificial Localization: Trondheim Fjord
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8.2.1 Single Camera Tracking

8.2.1.1 Front
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8.2.1.4 Port-side
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8.3 Multi-Camera Tracking Performance on Entire
Test Set

8.3.1 Overview
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Chapter 9

Conclusions and future work

9.0.1 Model and Rendering
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