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Fast and Scalable Signal Inference for Active Robotic Source Seeking
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Abstract—1In active source seeking, a robot takes repeated
measurements in order to locate a signal source in a cluttered
and unknown environment. A key component of an active
source seeking robot planner is a model that can produce
estimates of the signal at unknown locations with uncertainty
quantification. This model allows the robot to plan for future
measurements in the environment. Traditionally, this model has
been in the form of a Gaussian process, which has difficulty
scaling and cannot represent obstacles. We propose a global
and local factor graph model for active source seeking, which
allows the model to scale to a large number of measurements
and represent unknown obstacles in the environment. We
combine this model with extensions to a highly scalable planner
to form a system for large-scale active source seeking. We
demonstrate that our approach outperforms baseline methods
in both simulated and real robot experiments.

I. INTRODUCTION

Prompt and accurate situational awareness is crucial for
first responders to emergencies, such as natural disasters
or accidents. Visual information is often unavailable or
insufficient to detect people needing assistance in disaster-
stricken environments. Wireless signals, such as radio, Wi-
Fi, or Bluetooth from mobile devices, can be important in
search and rescue missions. Autonomous exploration and
signal source seeking by a robotic system can significantly
improve the situational awareness of the human response
team operating in hazardous and extreme environments. In
active source seeking, a robot not only attempts to get
closer to the predicted source location but also gathers
more information to actively reduce the source localization
uncertainty.

Signal source seeking in large, unknown, obstacle-rich
environments is an important but challenging task. Source
seeking systems typically consist of two components: a
model of the environment that provides a belief over the
signal strength at unknown locations, and a planner which
generates a policy to improve the model and locate the
source. The model of the environment, as well as the planner,
must scale to a large area and a large number of collected
measurements. Models for signal inference typically do not
scale well to large numbers of measurements, relying on ei-
ther approximation or having exponential growth in the time
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Fig. 1: Overview of approach. Both the information
roadmap (which models the traversabilty of the environment)
and the signal inference system maintain global and local
representations of the environment. The signal inference
system topology is built from the information roadmap. The
environment is a paved outdoor walkway which can be seen
in the image as well as the traversability map. The local
signal representation maintains both the mean (shown as
colored spheres) as well as the variance (flat squares), both
are shown from blue (low) to red (high).

required for inference [[1]-[3[]. In the presence of unknown
obstacles, the robot must continually re-plan at a high rate
and adapt the signal model to account for newly discovered
obstacles. The presence of unknown obstacles has complex
impacts on signal propagation and requires the robot have
the ability to re-visit un-visited corridors which potentially
lead to the signal source.

In this work, we formulate the problem of finding the
highest signal strength as a problem of finding the location
with the maximum radios signal to noise ratio (SNR). To
find this maximum, the robot takes actions which increase
its understanding of the signal while the planner is creating
the next policy for the robot to execute. We formulate this as
an Bayesian informative path planning problem in which the
robot must balance the exploration-exploitation trade off [4]].
In order to find the signal source, the robot must explore
to better the model of the signal in the environment, while
being driven to the maxima of the signal strength.

To improve understanding of the signal strength, the robot
must be able to estimate both the strength at unknown spatial
locations, as well as the uncertainty in that estimate. This
probabilistic signal model gives the robot the ability to plan



over future measurements to determine which locations to
measure given the information about the signal strength.

To facilitate large-scale active source seeking both the
planner and model of the environment must be highly
scalable. To this end, we have developed a factor-graph
based signal inference model and extended a large-scale
multi-robot planner to handle these challenges. Both the
planner and model maintain global and local representations
of the environment, which allows for decomposition of the
problem. This problem decomposition can be seen in fig. [I]
which shows that both the information roadmap (which
contains traversibility information) and the signal inference
are split into global and local components.

Our contributions are:

e A novel factor graph based model for belief over the
signal strength which scales well with the number of
measurements taken and models the signal propagation
through obstacles,

o An extension to the PLGRIM planner [5] that allows it
to take advantage of our factor-graph model and perform
active source seeking, and

« Demonstration on challenging simulation and real-robot
experiments with real-world signal strength data.

II. BACKGROUND / RELATED WORK

Active Source seeking is the process of using a robot
to find a signal source in an unknown environment. Active
source seeking has been used in locating radiation sources
by representing the environment as voxels [6]. Active source
seeking has also been used to map plumes of unknown
hazardous agents [7]. Gaussian processes have been used
as the model in active source seeking of radio signals by
developing a control law that allows the robot to move
towards the source, while updating the model in an online
fashion [8]]. Active source seeking has been extended to the
multi-robot setting by using a particle filter based model [9].

Informative path planning (IPP) is a process in which
a robot takes measurements of a concentration to maximize
an information metric. Informative path planning can be used
to minimize the uncertainty in the model, such as through
an entropy metric [[10]]. Informative path planning can also
be combined with Bayesian acquisition funtions to form
sequential Bayesian optimization [4], in which the goal is
to find high concentration areas and can be used for active
source seeking. Previously, this formulation has been used in
finding high concentrations of chlorophyll for studying algae
blooms [2f, [11] or finding the quantiles of a chlorophyll
distribution [[12].

Gaussian Processes are non-parametric models with un-
certainty quantification which are widely used for IPP [1],
[4], 18], [12], [13]. They approximate an unknown function
from its known outputs by computing the similarity between
points from a kernel function, k, in our case the squared
exponential kernel [3[]. Function values y,. at any input
location x, are approximated by a Gaussian distribution:
Y.Y ~ N (K.K 'y, K. — K,K"'K]) where Y is
training output, Y, is test output. The kernel matrices K,

K., and K,, are computed by evaluating the kernel on
X, the training input, and X, the test input, such that
K% =k(zt,27), Ko7 = k(2 2)), and Ky = k(2 2l).

Gaussian processes typically do not have a way to rep-
resent obstacles as the kernel function only relies only on
the distance between the locations in the model. Gaussian
processes tend to scale cubically in the time required for
inference due to the need to compute K ~!, and scale linearly
in the time required when adding new measurements as
the kernel function k needs to be computed with the new
measurement and all previous measurements [3]].

Ergodic trajectory generation is rooted in the intuition
that a path should spend time in a region proportional to
the amount of expected information in that region [14],
[15]. Ergodic trajectory design was originally presented in
Mathew and Mezi¢ [16] where they introduced a norm on the
statistical distance between a trajectory and a reference dis-
tribution allowing problem to be framed as an optimization
problem with the goal of achieving the lowest ergodic score.
Miller [17] introduced a closed-loop ergodic control algo-
rithm for active search problems and Dressel [[18] extended
this work to target source localization. Ergodic trajectory
generation does not explicitly quantify the uncertainty in
the surrounding environment but rather plans a trajectory
assuming an information distribution is given. In this work,
we use the uncertainty in the factor graph model to guide
our exploration.

Factor Graphs are a common way to represent estimation
problems for SLAM and other non-linear estimation prob-
lems. A factor graph is a graphical model involving factor
nodes and variable nodes. The variables, or values, represent
the unknown random variables in the estimation problem,
such as robot poses. The factors are probabilistic information
on the variables and represent measurements, such as of the
signal strength, or constraints between values. Performing
inference in a factor graph is done through optimization,
making it suitable for large scale inference problems [19].
Factor graphs have been used for very large-scale SLAM
problems [20] and for estimation of gas concentrations [21]].

Factor Graph based Informative Path planning Factor
graphs have been used as a model of a continuous con-
centration by modeling the problem as a Markov random
field. This approach has been used to monitor time varying
gas distributions in spaces with obstacles by defining a
factor graph over the entire space with an unknown value
at each cell [21]. It has also been used to jointly estimate
the concentration of gas and the wind direction [22]]. These
approaches suffer from a scaling problem due to their ties to
the geometry of the environment and do not handle unknown
environments.

III. FORMULATION

In informative path planning for active source seeking,
the robot is tasked to localize the source of a radio signal
without any prior map of the environment and within limited
time constraints. We define the state as s = (q, Wy, W,.)
where ¢ is the robot state, Wy is the signal state (the signal



location) and W, is the world traversal risk state. The task
is to find a policy that maximizes an objective function S
while minimizing its action cost. Typically, the objective S
corresponds to the expected reduction in uncertainty in the
belief over the signal source location W,. We define the
reward for taking action a at state s as
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where C(g,a | W,) is the cost of taking action a from
state s and T is the robot state transition function, and
f is a weighted combination of the two terms defined in
PLGRIM [5].

In order to maximize S, the robot must be able to infer
signal strength at unseen locations, given the history of lo-
cations Xy.; and measurements Yp.;, as well as hypothetical
future locations and measurements, predicted by the model.
This multiple step look-ahead allows the robot to plan a
policy which is non-myopic and looks ahead to the reward
for complex, multiple step policies. We denote the belief at
time ¢ as W! = M(Xo.;, Yo.t) where M is a model of the
belief over the signal strength in the environment. Under this
model, we wish to find an optimal policy

T
*

= argfrneal)th,z::tE[R(bt/,Tr(bt/))] )
where ¢ is the current planning time, by is the belief over
state s at time ¢/, and T is the robot’s time budget. As the
robot progresses in the mission and updates its world belief,
we re-solve the problem in a receding horizon fashion over
the remaining time interval [¢, T

IV. APPROACH

In this section, we introduce novel signal belief compo-
nents W¢ and W! and propose a hierarchical planner for
solving Eq. (Z).We decompose the signal, traversibility, and
planning portions into global and local components to allow
our system to scale easily through decomposition.

A. World Traversability Belief

Hierarchical planning frameworks address both space
complexity (due to the large and increasing environment
size) and model uncertainty challenges by breaking down
the environment representation into components of different
scales and resolutions. In PLGRIM [5]], the world belief
representation is composed of a meter-level resolution lat-
tice representation of the robot’s local surroundings, termed
Local Information Roadmap (Local IRM), and a topological
graph representing the explored space, called Global Infor-
mation Roadmap (Global IRM). Together, the Local IRM W/
and Global IRM W7 compose the world traversability belief
W,.. This can be seen in fig. [I] where the local and global
information roadmaps are shown next to a traversability map
of the environment.

B. Signal Belief

In order to facilitate large scale signal inference the model
is split into global and local representations of the signal

graphs, described in section (a) The global factor
graph represents the belief over the signal strength at lo-
cations the robot has received measurements, represented as
the values g1, .., g,. (b) The local factor graph is centered at
the robot using the values [y, ..., ,, to infer the signal locally
around the robot.

Algorithm 1: Add To Global Graph

Add measurement y; at location x;, Given global graph GY, Current
Estimate V9, Distance based signal variance function o2, _,, Measurement

variance o2

meas’

Minimum new global node distance d,,;,,, Global values
9is gi—1
if II(EZ — mi_1|| > dmzn then
Sl — N(gs — gi—12| 0,02, (zi,2-1)))
fmeas — N(gl I yi7ameas))
G9— GIU{fI |, [heash
V9« SOLVE(GY,V9)

over the environment. The local representation in the planner
and model represent local beliefs and plans about the area
immediately surrounding the robot. The global representation
describes the belief about the signal strength at locations the
robot has received measurements. The posterior distributions
over the global signal representation are used as priors in the
local signal representation.

Global Factor Graph (G9,V9) is seen in fig. [2al where
each value g,, € V9 is connected to at least one measurement
factor, fieqs € GY. These measurement factors are unary
factors which represent the real world measurements taken
by the robot at the location z,,. Each global value is con-
nected to the previous and next global value through a link
factor, ff} . € GY. The link factor connects the previous and
current global values, based on distance traveled, while the
measurement factor connects the global graph to real world
signal measurements. The global graph does not consider
obstacles as the robot only moves a small distance between
global node generation. This link factor, used in both the
global and local factor graphs to connect values which
have a spatial relationship, serves a similar purpose to the
kernel distance in Gaussian processes. This link factor has
an expected mean of 0, with an uncertainty that grows in
proportion to the distance the location corresponding to the
values are apart 02, ,(z;,%;) = € + agist||T; — x| where
€ is a small positive number and ag;s; iS an experimentally
determined constant. In order to add new measurements to
the global factor graph, alg. [T)is used, in which a new global
value is created only when the robot has moved sufficiently
from the current location. If the robot has not moved far



Algorithm 2: Create Local Graph

Produces a new local graph G and local values V', given new local
information roadmap I RM L global graph G, global values Vi, global
k-nearest neighbors function K N N9, number of global nodes to link to

kg, and robot location x

VLG« 0,0
for x; € nodes(IRM') do
Vi Viu{v}
for z; € neighbor(z;, IRM") do
0.(27CC — U(%CC(IZ) Jr U(%CC('/I:J)
fll'nk —N(l: =15 |0, U(Qlist (zi,25) + Ugcc)
G« Gl U {flink}
for 9 € KNNY(x¢,kg) do
l + CLOSEST(29,V)
p(x9), 0% (29) < VI (a9)
fgl]lobal ~ N(l | /”’(Ig)7 0—2 (xg) + U?iist (l7 xg)
G G U{fqipart

enough from the current location, the another measurement
factor is added to the previous value.

Local Factor Graph (G', V') is built from the local
information roadmap over the area centered at the robot. The
local information roadmap is an n X m grid which describes
the area the robot can traverse in the local policy, described in
section [ITV-A] The local factor graph (fig.[2b) models the local
IRM topology by adding link factors between values [ € V;
in the local information roadmap which are connected. The
local link factors, f}; , € G!, are similar to the global link
factors as uncertainty increases with the distance between
the spatial locations, but also has the addition of occupancy
information. We assume that if a location corresponding to
a local value is not traversable for the robot, the model
estimate of the signal will have higher uncertainty in that
area due to potential attenuation or reflection in the case of
solid obstacles. To model this we increase the uncertainty
proportional to the occupancy probability of that location,
according to 02,.(1) = QpecPoce (i), Where aiee is an exper-
imentally chosen constant, set to 0.5 in this work. In order
to incorporate the real world measurements into the local
factor graph, we find the closest k, locations corresponding
to values in the global factor graph to the robot location. For
each location that is close to the robot location, we add a
factor, fl;,,, € G', to the closest local value which uses
the posterior estimate from the global value as well as the
distance between the local and global locations. We assume
the distance is small and do not consider obstacles between
the global and local nodes. The algorithm for this can be
seen in alg. 2] which describes how both the local graph and
local values are constructed.

Inference In order for the planner to do active source
seeking, the signal belief must be able to efficiently infer
a distribution over the signal at unknown spatial locations.
The model must also support the ability to condition the
model on locations and measurements the robot plans to
take, but has not taken yet, termed hypothetical locations
X, and hypothetical values Y}. This allows the planner to
make non-myopic plans in which the future values take into

Algorithm 3: Inference at locations
Produces a belief over signal at location x, given hypothetical future
locations X, and measurements Y},, initially empty local value cache C,
local graph G* and local values V.
if X; € C then
| return C(X},zq)
[ ——a)
Gl =a
for (z,y) € (X, Ys) do
|« CLOSEST(z, V%)
p).0* W) < Vi)
G, «— G, U{N( | y,07)}
V!« SOLVE(G!, V)
c(Xp) =V}
return V! (zq)

account measurements that will be taken in the policy [4]. To
this end, alg. [ describes the algorithm to infer the posterior
belief at a spatial location x4. Typically, the graph cannot
be re-solved with every query so the algorithm determines
if it has already computed the local values given the current
hypothetical locations X, by checking if it is in the cache C'.
The cache C' allows the re-use of previously solved values as
the posterior distribution over x4 has already been computed
when computing a different query location. C' is emptied
when a new local IRM is received due to the robot moving, or
a new measurement is added to the global graph. If algorithm
cannot use the cached values, the algorithm adds unary
factors representing the conditioning on the hypothetical
measurements, using the previous prior uncertainty for the
unary factor. The algorithm then re-solves the factor graph
for the entire local information roadmap and adds the newly
solved factors to the cache. This cache is emptied each time
a new local factor graph is constructed.

To produce a belief over locations that are not in the local
information roadmap, query locations are added to the global
roadmap with distance based link factors and the resulting
graph is solved.

C. Hierarchical Solver

Our approach is to compute a local planning policy that
solves eq. on W! and W! over a receding horizon t;,
which we refer to as Local Planning, while simultaneously
solving eq. (2) over the full approximate world representation
W¢ and W2, which we refer to as Global Planning.

Local Policy In Receding Horizon Planning (RHP), the

objective function in Eq. (2) is modified:
t+t;

e (b) = argmax E | Y 5" T R(by, mo (b)) | G)
t'=t
where ¢; is a finite planning horizon for a planning episode at
time ¢. The expected value is taken over future measurements
and the reward is discounted by v [23].

For the local policy, the reward is based on the current
signal belief and uses the upper confidence bound (UCB)
acquisition function, which is commonly used for informa-
tive path planning for Bayesian optimization [4]. The UCB
equation is S'(z;) = p(x;)+ Bo?(z;) where pu(x) and o2(z)
are the current mean and variance of W at location x; and



[ is an empirically determined weight. We use this objective
function for local exploration as the robot should investigate
areas that the model is uncertain about, but should still prefer
high concentration areas. In our experiments we set 3 = 3
to encourage exploration.

Global Policy Boundaries in between explored and unex-
plored space, termed frontiers, are encoded in the topological
graph of the environment (Global IRM) and represent goal
waypoints. By visiting frontiers, the robot takes new signal
measurements and uncovers swaths of the unexplored en-
vironment. The robot must plan a sequence of frontiers p
that it can reach within the time budget that maximizes its
expected reward S9. Equation (2) becomes

7 = argmax F(t,(n);W7)-59(n; W2

: nz@(”” ) SUm W) g
where t,(n) is the time required to reach frontier n
through p, F' is the front-loading function proposed in
[24], and where p should verify the time budget constraint.
F(ty(n); W) is a greedy incentive that encourages gath-
ering reward earlier in time in order to trade off long-term
finite-horizon planning with immediate information gain.

We wish to maximize the expected improvement (EI) for
signal measurement taken at a frontier n; (corresponding to
location x;), given current signal belief W¢. EI favors actions
that offer the best improvement over the current maximal
value, with an added exploration term ¢ to encourage diverse
exploration. The EI objective function is defined according
to S9(x;) = IP(Z) + o(x;)p(Z) where Z = #I),
I = p(z;) — max(u(Xo.)) — & and @ and ¢ are the
CDF and PDF of the normal distribution, respectively [25]],
[26]. Expected improvement is chosen as the global objective
function because the robot should prefer frontiers which
have a gain in the expected signal strength, while during
local exploration the robot should seek out information rich
locations rather than only seeking the maxima.

Policy Selection The local planning policy 7! provides
immediate signal reward, and is computed over the local
space immediately surrounding the robot, while the global
policy 79 is computed over a sparse representation of the
entire environment the robot has explored so far. Therefore,
the global policy has the potential to bring the robot to
valuable locations it has not yet explored, but may also
require more travel time. As in [27]], we select the planning
policy 7 according to its utility U(b;;7) computed from
eq. and the probability P(7) that the plan will be
successfully executed:

T, = arg max P(m)U(by; ). Q)

7r€{7riqzt+Tﬁ “f:t+zl}
V. EXPERIMENTS

We demonstrate our system on two simulation environ-
ments as well as a hardware trial. The simulated envi-
ronments were collected in a parking garage with a robot
with an attached radio and a radio placed in the envi-
ronment. In the simulation environments, we first run the
robot in a lawnmower path to collect signal strength data
and traversibility data in the environment. We position the
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Fig. 3: Maps of the Signal to Noise Ratio collected in
a real parking garage. SNR is colored from blue (low)
to yellow (high). Areas in white are not traversable by the
robot.
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Fig. 4: Simulation experiment results over two real-world
environments. Left: the maximal signal reading up until time
t. Right: the sum of the measurements taken until time t.

radio in two different locations (fig. [B). Location A is less
accessible, so that stronger readings are only seen in direct
line of sight, in location B the radio is placed so that it is
within line of sight of more areas of the environment. The
robot starts in the same location in both environments, and
the traversability is the same in both environment.

In the experiments we compare our approach (labeled Fac-
tor graph) with a standard Gaussian process using a squared
exponential kernel. The kernel hyper-parameters are set to
a length scale of 3 and an observation noise of 0.01. This
Gaussian process also only adds new measurements when
the robot has moved a minimum distance (d,,;»), which was
set to 0.25m in our experiments. We also compare against a
Gaussian process (GP) which is limited during inference to
the same number of measurements (k,) during inference as
the Factor graph, which we term Gaussian process (limited),
(GP (limited)). This limited Gaussian process is added to
show that the performance of our system is not merely due to
limiting the number of measurements included in the model.
For the factor graph, we set the measurement noise to 0.01,
Qoee 10 0.5, and ag;5 to 0.1,

A. Simulation Experiments

We compare our novel Factor graph approach with the two
baseline approaches (Gaussian Process and Gaussian process



(limited)) in both environments (location A and location B).
To compare against the baselines, we show two metrics for
each environment (fig. @). The first shows the maximal SNR
measurement recorded up until time t. It compares how
closely the robot approaches the signal source, and how
quickly it approaches the signal source. The second metric is
the cumulative sum of the SNR measurements the robot has
taken until time ¢. This metric, inspired by the cumulative
reward metric [4], shows how the robot makes decisions to
find maximal areas over time. For each environment, we run
the robot three times and report each trial.

As can be seen in fig. [ the factor graph model allows
the robot to find a much higher signal strength in 2 out of
3 trials, and the performance is more consistent. Limiting
the Gaussian process to only 200 measurements does not
have a big impact on the performance compared to the
regular Gaussian process, but it still does not perform as
well as the factor graph model. In the comparison of the
cumulative signal measurement the factor graph outperforms
the other methods in all 3 trials, with the other two methods
performing about as well. This implies the factor graph
consistently allows the planner to make better decisions
through the entire experiment.

We also present a study of the scalabilty of the approaches,
shown in fig. f] We find that the Gaussian process has
the typical exponential scaling with in the time required
for inference as the number of measurements in the model
grows. We also find that even limiting the Gaussian process
to a fixed number of measurements per inference is still is
more expensive than the factor graph on average. The factor
graph has a bimodal distribution in its performance, when
the graph has to be re-solved it is slower than the Gaussian
process methods, but due to its ability to cache the model
posterior, most of the inference is a hash table lookup.

We believe the consistent performance of the factor graph
is due to to two reasons. The first is that the factor graph is
generally faster for inference than Gaussian process methods,
allowing the planner to plan at a higher frequency. The
second reason is the ability of the factor graph to represent
uncertainty in the signal due to obstacles. This allows the
factor graph model to infer that signal strengths on the
opposite side of obstacles and around corners are more
interesting as the signal uncertainty increases through the
obstacle.

B. Hardware Experiments

We demonstrate our system on a real robot locating a radio
in an unknown environment. The robot, a Boston Dynamics
Spot [28]] equipped with custom sensing and computing
systems [29]-[31]], is initially started at one end of a parking
garage. The radio is deployed at another end of the hallway
after two lefthand turns. We use the factor graph model as
with k4 equal to 100 due to the fact that the computer payload
on the robot is limited. As can be seen in fig. [] the robot
explores an open passage before going directly to the source
of the radio. We find that our system is able to be easily
tuned to the computational limits of the robot and efficiently
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Fig. 5: Comparison of time required to perform inference
for the three models over the number of measurements
in the model. Left: the data binned data with the standard
deviation, Right: the raw data.
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Fig. 6: Experiment of our system on a real Spot robot. The
robot explores a man made structure to find the radio. The
collected measurements, colored from blue (low) to yellow
(high), as well as the robot’s trajectory are shown. Black dots
show the non-traversable areas such as walls.

finds the signal source. As with fig. [5] we found that the
robot does not increase its planning time drastically when
more measurements are added to the model.

VI. CONCLUSION

Large scale active source seeking using a robot is a com-
plex and challenging task which requires the ability to scale
the planner and model. In this work we have demonstrated
the ability of our factor graph based model to decompose
the problem into local and global tasks which allows the
model to scale easily with a large number of measurements.
We have also demonstrated the model’s ability to handle
the propagation of signals through unknown obstacles by
modeling the explicit uncertainty due to these obstacles.
Through simulation experiments we have shown that the
ability to plan rapidly due to the inference speed of the
model as well as the ability to represent signal uncertainty
due to obstacles allow our overall system to perform active
source seeking better than the baseline methods. We have
also shown the ability of our model to be scaled to the
computational needs of a real life robot and demonstrated
our system in a real life unknown environment.
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Fig. 7: Experiment of our system on a real Spot robot in
extended field conditions. Top: The robot explores a man
made structure to find the radio. The collected measurements,
colored from blue (low) to yellow (high), as well as the
robot’s trajectory are shown. Black dots show the non-
traversable areas such as walls and cars. Bottom: Spot robot
platform used in this experiment and the experiment in

section @

VII. APPENDIX
A. Extended Hardware Experiment

We present an extended study of the performance of our
system in the field. The setup is similar to section [V-B]
including robot platform. The robotic platform is limited not
only in computational power, but also further limited due
to the multiple other systems which must run in parallel on
the robot to allow for localization, control, and high level
mission objectives. To allow for rapid re-planning, we sub-
sample the local factor graph, discarding every other node.
The environment is a parking garage with the target source
placed outside of the garage.

As can be seen in fig. [/} the robot exits the first corridor,
attempts to go down the second corridor but discovers that
it cannot directly go to the source in that corridor. It then
exits the second corridor, attempting to discover an unseen
passage, then goes to the third corridor to go directly to the
source.

This demonstrate the ability of our system to guide the
robot to the signal source in the presence of limited compu-
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