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Motivation

 Existing SLAM solvers require memory LR
inear to quadratic in the number of SaEame . s —
- ujeﬂ/ - 1Jé

variables. IEpN el S s

 Doomed to hit the memory bound:

city-scale/continent-scale SLAM

small wheeled platforms

small flying robots
low-power underwater vehicles
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Variable Elimination

Subgraph 1
Subgraph 2
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Variable Elimination

Subgraph 1
Subgraph 2
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Variable Elimination

Subgraph 1
Subgraph 2

Eliminate

Dense
Clique
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Problem Statement

Can we optimize a pose-graph within an explicit memory bound
while preserving sparsity”

O O
£ee

Factor Graph Sparsity Pattern
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Overview of our approach

r* = argmin f(z,E,P) =
xeSE(2)

arg min Z HLOg (ji—jlg;;lg;j) H;w—l—z HLOg (:732—1:1%) prij
i,j)EE 1€P
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Overview of our approach

Subgraph 1 Subgraph 2
0 .
@ >
® ®

r* = argmin f(z,E,P) =
rESE(2)

arg min Z HLog (a_zi_jlaﬁglaﬁj)";i.—l—z HLog (573@'_1337;)”;3,
€SE(2); g T iep
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Overview of our approach

Subgraph 1 Subgraph 2
0 .
@ >
® ®

arg min ZN  f(x9,E9,P9)

g:
xl,...,.xNESE(2)

e Split separators

e (Constrained
Optimization

* ADMM

1
S

subject to  x’ = 27, Vs €S

. w
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How ADMM works"?

arg min f(z',EPY + f (27,7, P?)

xl,x2e€SE(2)

® - subject to % = 27, Vs e S
constrained optimization
® O
arg :rl,a:gneiélE(Z) f (= ENPYH + f (22,87, P7)
° 30 [Llat - a2 + T (oh - 22)]
sES

augmented lagrangian
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How ADMM works"?

f (xlaglapl) + f (372,52,732) T Z {g”xi o x?HQ —I_yg (lei o x?):|

seS
A
K error
ADMM
® O
® - centralized
>
iteration
subgraph 1  subgraph 2
T
. i i .
H EE EN
H BN o] |
HEEE N
HE B
— [ N
H BN
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How ADMM works"?

(2! &L PY) + f (2%,82,P) + > [gllﬁ 22?4 yT (2 - 2?)

Optimize 1st Subgraph t
K error
\ centralized
>
iteration
subgraph 1
EE N
EE N
H_ EN EE
H BN
\ E N
E N

Biased Prior Factor
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How ADMM works"?

2P Y [l - P - )

[ &L P+ f

Optimize 2nd Subgraph
N error
ADMM

centralized

) ) >
Iiteration

subgraph 2

Biased Prior Factor
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How ADMM works"?
ys (t+1) = ys (8) + ) [y — ]

seS
A
Update dual variables
L error
ADMM
® o
® ° centralized
>
iteration
subgraph 1 subgraph 2
. o = i
H_ EN EE
LT
. " B
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How ADMM works"?

1P 1 P+ 5 g~ T )

sES -
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How ADMM works?

for K Iterations

* optimize each subgraph

f (2t €5 PY) + f (22,82, P%) + 3 | Lllek — a2 + o7 (o} —a?)]

seS
e update dual variables
ys +1) =y (1) + ¥ [t — 22

break it stopping conditions are met
(primal and dual residual less than a threshold)
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Benchmark Datasets

AIS2Klink
15115 nodes,
16727 edges

CSAIL
1045 nodes,
1172 edges

Robotics &

ETHCampus
7065 nodes,
7427 edges

it

- I
|
: JO0
INTEL M3500
1728 nodes, 3500 nodes,
2512 edges 5598 edges

FRO79
989 nodes,
1217 edges
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Benchmark Datasets

|

J =

M3500
3500 nodes,
5598 edges
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Results (Just-in-Time Flavor)

: _ ! [ Y
| A ' |
P B U E &
b 7
Initial 1 [teration 10 lteration Centralized

M3500 Dataset

Reaches a reasonable error in a few iterations and with additional CPU time it converges
to the same accuracy as centralized solution.

Robotics &
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Results (Convergence)

2
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7 L J 2
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M3500 Dataset
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Results (Memory Efficient)

Terminate when cost reaches within 10% of the centralized cost

x 10 | | S
10¢ )

z | — ADMM B 4
D . C
= Centralized =
2 ©

> £ 3
o ° -
Qv

0] 8 oy
= =

% 10 20 o 10 20
#subgraphs #Subgraphs

M3500 Dataset

We can easily accommodate systems with small memory by using more subgraphs.
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Results (State of Art)

Comparison against the state of art

Exactly Sparse Memory Efficient SLAM using the Multi-Block Alternating Direction Method of Multipliers

Dataset Method X2 error time [s]
ADMM-adapt 194.9 84.70
SMF 471.0 0.86
AIS2KIinik T2-NOREL 108977.8 1.00
HogMan 647.0 15.53
TSAM2 172.8 2.85
ADMM-adapt 28.6 24.64
SMF 38.9 0.36
ETHCampus T2-NOREL 22457.2 0.50
HogMan 79.3 2.95
TSAM2 25.0 1.15
ADMM-adapt 54.6 8.38
SMF 53.3 0.11
INTEL T2-NOREL 69.0 0.08
HogMan 134.7 0.78
TSAM2 45.0 0.18
ADMM-adapt 148.6 23.33
SMF 287.1 0.35
M3500 T2-NOREL 733.8 0.21
HogMan 521.9 3.25
TSAM2 146.1 0.54
cordn ichas

Siddharth Choudhary, Luca Carlone, Henrik I. Christensen, Frank Dellaert
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Results (State of Art)

Comparison against the state of art

Dataset | Method | X2 error | time [s] |

1949 84.70

SMF____ | _4/1.0 | 0.80
AlS2Klinik T2-NOREL 108977.8 1.00

HogMan 647.0 15.53 Our apprOaCh 1S:

TSAM2 172.8 2.85
“ADMM adapt | 28.6 | 24.04

ETHCampus  |™=TENIOR 4 L more accurate than SMF
Toav (no approximations)

INTEL T2-NOREL 69.0 0.08
HogMan 134.7 0.78
TSAM2 45.0 0.18
M3500 T2-NOREL . .
HogMan
TSAM2
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Results (State of Art)

Comparison against the state of art

Dataset Method X2 error time [s]
SMF 471.0 ).80
AlIS2Klinik T2-NOREL 108977.8 1.00 "
HogMan 647.0 15.53 Our apprOaCh 1S.

172.8
_ADMM-adapt | 28.6 | 24.64

cHoams | TanoeL - more accurate than SMF

HoalVvian

(no approximations)

SMF 53.3 0.11

INTEL T2-NOREL 69.0 0.08

- more memory efficient

than TSAM2 (sparse)

SMF 287.1 0.35
M3500 T2-NOREL 733.8 0.21
HogMan 521.9 3.25

146.1
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Results (Scalability
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Conclusions

 Exactly sparse, does not require joint optimization over separators.
 Accurate, does not use approximations (eg. sparsification).

 Memory Efficient, can accommodate small memory systems by
increasing the number of subgraphs.

« Straightforward implementation, does not require hierarchical
schemes or linearization point bookkeeping.

a obo m
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L imitations and Future Work

* Slower than other approaches due to sequential optimization of
subgraphs and slow ascent of dual variables
* [Future work: Parallelization of ADMM iterations.

Other ideas:
 Extending it to more general factor graphs (eg. landmark-SLAM).
 Explore applications of ADMM in Multi-robot setup.
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Thank you!

For turther information, contact:
Siddharth Choudhary
siddharth.choudhary@gatech.edu

We wish to thank Gian Diego Tipaldi and Benjamin Suger for sharing the datasets ETHCampus and

AIS2KIlinik, and for authorizing the use of the results. We gratefully acknowledge reviewers for the
helpful comments.

This work was partially funded by the ARL MAST
CTA Project 1436607 “Autonomous Multifunctional
Mobile Microsystems” and by the National Science
Foundation Award 11115678 “RI: Small: Ultra-
Sparsifiers for Fast and Scalable Mapping and 3D
Reconstruction on Mobile Robots”.



mailto:siddharth.choudhary@gatech.edu

