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What is Geodetics?

= Measurement and representation of earth

= Survey earth at global and local scale

= Geodetic mapping
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Triangle Nets
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Triangle Nets
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Geodetic & SLAM Graphs




Common Challenges

= Large optimization problem



Common Challenges

= Large optimization problem

North American Datum
of 1983

272,000 Stations
1,785,000 Observations
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= Large optimization problem

North American Datum
- of 1983

272,000 Nodes
1,785,000 Edges




Common Challenges

= Large optimization problem
= Non-linear observations
» Front-end outliers

= Require incremental methods
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Nonlinear Least Squares
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Nonlinear Least Squares

272,000 Nodes
1,785,000 Edges




Nonlinear Least Squares
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Nonlinear Least Squares
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Solution:
Helmert Blocking




Helmert Blocking 1880
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Helmert Blocking 1880
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Helmert Blocking 1880
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Helmert Blocking 1880
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Helmert Blocking 1880

Exact method



Helmert Blocking 1880
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The order of cuts is spatial along lat, long



Helmert’'s Blocks
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Helmert’'s Ordering for Parallel
Optimization

= Avila & Tomlin 1979: Parallel least
square optimization with ILLIAC IV.

= Golub & Plemmons 1980: Large-scale
geodetic least-squares adjustment
using QR decomposition.



Related to Nested Dissection
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Avila & Tomlin, 1979



Nested Dissection in SLAM
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= Tectonic SAM
ICRA’” 07, IROS’ 10

Images courtesy of respective authors



Large separators
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Issues with Helmert Blocking

Large separators

VVL‘
A

14;
NN\
Q. " WVA!
/\7\/\i
\AN /)
Y

A <
X
uvavi
PAVAVA

WAVA

Solution: Polygon filling



Polygon Filling

TAVAVZAN

Insides are independent of each other



Polygon Filling
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Apply Helmert's method



Polygon Filling
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Optimization may still be too complicated!



Bowie Method of 1927
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Bowie Method of 1927

Sections

\

Junctions

JAVAV/

= 1 virtual measurements for each section
= Solve junctions =) propagate to sections



Bowie Method of 1927
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Shares idea with Hierarchical SLAM / HOGMan



1.3,460,0C

1:189,000 ——
N — i ;
\n
\
\{\
1:299.000




ie Method for
Bowie d NAD ___19.2,___ ‘ -
D T T — I# : '. e N,
| Y ‘f\ R P . 3¢ lLL‘
! | ! ; o N N e e i : i ,‘-:. a
| / /L "°*°v{: / ‘ B ' 3
ns‘!\\ 4 4 ! / 132 7‘ 00, ! 1327 000 l ) - .
4 A 1:1.¢:§po . .
;| / A / iy ‘i‘,oo/: ; ~fe .. s i U B DRRRRERREE CET P ;
' iy ! < cea R | LY i |
'. "D .',' ! -' |' o II : af
! oi ? ! .: f ‘ fl )
i ~ ' ;
‘“’ ! (; rl e, [fl‘ 3 -: 'f urz,ooo ----------- I“ ) - E
'l(" . . i I‘o;_ooO ! ! I! | {-
e . s ! Eoovezes o / 1:200,000 HA . '
. { ’_. ——— ] et WAl A 3 J
- ) i i ‘T - W—E~§1‘_E_8_N i HALET _ 0 i
b g ; - i o
- s .,' J ' ia
' N | s -" | I '
U X f . | ; |I | |
= N X 0 m A 12 I bonaaliveszas by KWONTSINGT BEWET L :
5 g X ) t' ! : e 1 T by 1 !
TN = -il‘L ,‘>- i “‘:——\__h__ L ;
| m: Y \\ ..' l 2 |I ] |'\_ 5
po® ~ : x|
g Lo Lm : | 1347,000 I - | ‘ ;
¢ >\ 9\/_ | | : 1.217,nool —| X !
Wi .": ¢ { £ ' s \ Caneood. f . g
: i i L \\ 1216000 .
< 1:189,000 e i

we;ﬂ 26 junctions, 42 sections

East : 29 junctions, 55 sections




ian Method of 1938
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Indian Method of 1938




Indian Method of 1938
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= Create a spanning tree
= Record errors in lat/long for other constraints
= Distribute errors in each loop



Indian Method of 1938




Indian Method of 1938

Behind a napkin! |




Indian Method of 1938

Error distribution related to

Stochastic Gradient Descent, ICRA'07/
TORO, RSS'07

Images courtesy of Edwin Olson



Handling Outliers

Inter and intra block consistency




Handling Outliers

Inter and intra block consistency

Related to Robust loop closing over time, RSS'12



Handling Outliers

= Remove observation if three other consistent
ohes exist

= Else keep doubling std-error till within 30



Handling Outliers

= Remove observation if three other consistent
ohes exist

= Else keep doubling std-error till within 30

Related to Robust M-estimators and DCS



Additional Challenges for SLAM
= Autonomous vs. trained engineers
= Quality of initial guess

= Non-planarity of graphs
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Conclusion

= Survey of core geodetic mapping methods

= Share similarities

Large maps

Limited resources
Outliers

Non-linear observations

= Connect both fields for future synergies



Thank you for your attention!
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