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(57) ABSTRACT 

Methods of controlling the operation of a device traveling in 
a body tube tree, including sensing parameters from possible 
directions of travel and selecting the direction of travel 
based on the sensed parameters, implemented with a control 
system located partially or fully on the lumen traveling 
device. Various actions can be performed by the device for, 
e.g., medical or therapeutic purposes. Machine-readable 
media including instructions for performing the methods are 
also described. 
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1100. A system comprising: 

102 non-transitory machine readable media for use in a lumen traveling device 
control system 

04 
onc or more instructions that cause the lumen traveling device 

control system to activate a propelling mechanism on a lumen traveling 
device to propel the lumen traveling device within a body tube tree: 

one or more instructions that cause the lumen traveling device 
control system to determine an arrival of the lumen traveling device at a 
branch point in the body tube tree based upon a signal from at least one 
arrival sensor on the lumen traveling device, the branch point including 
at east two branch channels; 

one or more instructions that cause the lumen traveling device 
control system to select one of the at least two branch channels 
Substantially randomly; 

one or more instructions that cause the lumen traveling device 
control system to direct the propelling mechanism on the lumen 
traveling device to move the lumen traveling device into the selected 
branch channel; 

onc or more instructions that cause the lumen traveling device 
control system to Store information regarding at least one of the at least 
two branch channels; 

one or more instructions that cause the lumen traveling device 
control system to direct the sensing of a local parameter value from a 
parameter sensor on the unen traveling device; and 

one or more instructions that cause the lumen traveling device 
control system to direct an active portion of the lumen traveling device 
to perform an action based at least in part upon the local parameter value 

- - - - - - - - - - - 
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202 activating a propelling mechanism on the lumen traveling 
device to propel the lumen traveling device within a body tube tree 

204 detecting an arrival of the lumen traveling device at a branch 
point in the body tube tree with at least one arrival sensor on the 
lumen traveling device, the branch point including at least two 
branch channels 

206 selecting one of the at least two branch channels substantially 
randomly 

1208 causing the propelling mechanism on the lumen traveling 
device to move the lumen traveling device into the selected branch 
channel 

210 storing information regarding at least one of the at least two 
branch channels 

212 Sensing a local parameter value with a parameter sensor on 
the lumen traveling device 

24 performing an action with an active portion of the lumen 
traveling device based at least in part upon the local parameter 
value 
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pressure to the body lumen 
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the active portion includes emitting 
ultrasonic acoustic energy. 
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through at least a portion of the body lumen. 
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200 A system comprising: 

2102 non-transitory machine readable media for use in a lumen traveling 
device control system 

204 
one or more instructions that cause the lumen traveling device 

control system to activate a propelling mechanism on a lumen traveling 
device to prope the lumen traveling device within a body tube tree; 

one or more instructions that cause the lumen traveling device 
control system to determine a time based on a signal from a timing 
device; and 

one or more instructions that cause the lumen traveling device 
control system to direct the active portion of the lumen traveling device 
to perform at least one action based at east in part upon the determined 
time 

FG. 21 
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determining a time based on a signal from a timing device 
2204 

performing at least one action with an active portion of the lumen 
traveling device based at least in part upon the determined time 
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activating a propelling mechanism on the lumen traveling device to prope the lumen traveling 
device within a body tube tree 22O2 
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relative to an Irelative to a time 
event 2224 of day 2226 

device 220 device 22 

performing at least one action with an active portion of the lumen traveling device based at least 
in part upon the determined time - - - - - - - - - - re-- - - - - 2200 erred 
Perform action while Perform action when Perform action while 
determined time is less determined time is equal to determined time is greater 
than time fiducial 2218 time fiducial 2219 --- than time fiducial 2220 

Detecting an arrival of the lumen traveling device at a branch point in the body tube 
tree with at least one arrival sensor on the lumen traveling device, the branch point 
including at least two branch channels 2228 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

| r - - - - - - - - - - - - - - - - - - - - - - - - - - - - r 
| Selecting one of the at least two branch channels 2230 

- - - - - - - - - - - - - - r- - - - - - - - - - - - - - - - 
Directing the lumen traveling device Storing information regarding the Selected 
into the selected branch channel 2232 branch channel (see 1346, FIG. 13)2234 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - ---------------------------------- 

Sensing a signal representative of a dimension of a portion of the body tube tree toward 
which the lumen traveling device is traveling 2236 

| | | Reversing the direction of travel of the lumen traveling device if the signal 
| | | representative of the dimension of the portion of the body tube tree indicates that the 

- - ama an mana an ama ama mana man an ama ama mana maa 

dimension of the portion of the body tube tree is less than a specified dimension 2238 
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Sensing a plurality or radiological 
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signals from a plurality of remote sensing a plurality of ultrasonic 
signals from a plurality of remote 

- - - - - - - - - - - - - sources, and wherein determining 
sources 2250 | 
de .................. position information from the at least determining position information from ition indi I signal includes the at least one position indicator | one position indicator Signal includes 
signal by determining the attenuation determining at least one of the 

attenuation or phase change of the 
plurality of ultrasonic signals from 
the plurality of remote sources 2253 

of the plurality of radiological signals 
from the plurality of remote sources at 
the lumen traveling device 2251 

sensing at least one electromagnetic signal - - - - - - - - - - - - - - sensing at least one magnetic signal 
J . . . . . Sips originating from a remote source 

Sensing a signal from Sensing a GPS 2257 
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- - - - - - - - - - - - - - - - 
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Collecting a attaching a delivering a material or receiving a material or 
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catalyst localized electric | localized magnetic heating 2283 
2280 field 2281 field 2282 

- - - - - - - - - - ri i r modulating a flow Causing Emitting Emitting Applying pressure to of fluid through at 
cooling electromagnetic acoustic at least a portion of | least a portion of 

s 

radiation 2285 energy the body tube tree the body tube tree 
2.432. 2287 

- - - - - 1 r. a a a s ree s as s as as as as s as s as s as s as 

sensing a performing an action communicating information with at least one 
second local with the active portion of remote device 2291 
parameter the lumen traveling 
value 2289 device based at least in communicating an image, 

communicating a sensed parameter value, 
communicating a measured parameter 

part upon the determined 
| value, communicating a derived 

time and at least in part 
upon receipt of an 
instruction from a remote 
device 2290 

parameter value, communicating device 
status information, or reporting an action 
2292 

- - - - - - - - - 

performing the at least onc action with the lumen traveling device based at cast in part 
upon the determined time over at east one time interval 2293 

performing the at performing the at sensing a freceivin a - 
least one action with least one action with parameter value Gonicator 
the lumen traveling the lumen traveling periodically gnal periodically 
device continuously device periodically over at least over at least one 
over the at least one over the at east one one time time interval 2297 
time interval 2294 time interval 2295 ---------- 

FIG 22E 
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2400 A system comprising: 

2402 non-transitory machine readable media for use in a lumen traveling 
device control system 

2404 
one or more instructions that cause the lumen traveling device 

control system to identify at least two possible directions of travel of 
a lumen traveling device through a body tube tree, the body tube tree 
including a plurality of branched, interconnected channels, the at 
east two possible directions of travci corresponding to at least two of 
the branched, interconnected channels; 

one or more instructions that cause the lumen traveling device 
control system to receive information related to whether at least one 
of the at least two possible directions of travel of the lumen traveling 
device through the body tube tree has previously been traveled by the 
lumen traveling device; 

one or more instructions that cause the umen traveling device 
control system to select a direction of travel from the at least two 
possible directions of travel based at least in part on the information 
related to whether or not at least one of the at least two possible 
directions of travel of the lumen traveling device through the body 
tube tree has previously been traveled by the lumen traveling device: 
and 

one or more instructions that cause the umen traveling device 
control system to direct at least one of a steering mechanism and a 
propelling mechanism on the lumen traveling device to cause the 
umen traveling device to move through the body tube tree in the 
selected direction of travel 

FIG. 24 
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identifying at least two possible directions of travel of a lumen traveling device 
through a body tube tree, the body tube tree including a plurality of branched, 
interconnected channels, the at least two possible directions of travel 
corresponding to at least two of the branched, interconnected channels 2502 

receiving information related to whether or not at least one of at least two 
possible directions of travci of the lumen traveling device through the body tube 
tree has previously been traveled by the lumen traveling device 2504. 

selecting a direction of travel from the at least two possible directions of travel 
based at least in part on the information related to whether or not at least one of 
at least two possible directions of travel of the lumen traveling device through 
the body tube tree has previously been traveled by the lumen traveling device 

2506 

directing at least one of a steering mechanism and a propelling mechanism on 
the lumen traveling device to cause the lumen traveling device to move through 
the body tube tree in the selected direction of travel 
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directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in the 
Selected direction of trave 2508 

wherein the directing is wherein the directing is 
| performed under the performed under the control of 
control of motion control motion control circuitry located 
circuitry located on-board in part on-board the humen 

| the lumen traveling traveling device and in part on 
| device 2509 

wherein the directing is 
performed under the 
control of motion 
control circuitry located 
on a remote device 25 

- - - - - - - - - - - - - - - - - - - - - 
| directing at least one of the Steering | directing at east one of the steering 
mechanism and the propelling mechanism mechanism and the propelling mechanism 
on the lumen traveling device to cause the on the lumen traveling device to cause the 

| lumen traveling device to move through the lumen traveling device to move through the 
(body tube tree in the selected direction of body tube tree in the selected direction of 
travel for a pre-determined distance 2512 travci for a pre-determined duration 2513 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

directing at least one of the steering mechanism and the 
propelling mechanism on the lumen traveling device to cause 
the lumen traveling device to move through the body tube tree 
in the selected direction of travel until a stop instruction is 

| received from a remote device 2.514 
i. 

| generating an 
instruction to turn 
the lumen traveling 

| device 255 

P s directing at least one of the steering directing at least one of the steering 
| mechanism and the propelling mechanism and the propelling mechanism on 
mechanism on the lumen traveling the lumen traveling device to cause the lumen 
device to cause the lumen traveling I traveling device to continue moving in a 
device to continue moving in a current current direction of travel until a branch point 

| direction of travel 256 

I directing at least one of the steering mechanism and the propelling mechanism on the 
lumen traveling device to cause the lumen traveling device to reverse its direction of 

| trave 258 

FG, 25B 
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250 - y 

N i START ; 
identifying at least two possible directions of travel of a lunen traveling device through a body 
tube tree, the body tube tree including a plurality of branched, interconnected channels, the at 
least two possible directions of travel corresponding to at least two of the branched, so 
interconnected channels 

receiving information related to whether or not at least one of at least two possible directions of 
travel of the lumen traveling device through the body tube tree has previously been traveled by 
the lumen traveling device 2.504 

receiving information from a portion of the 
umen traveling device .252 2522 

. 

- - - - - - - - - - - - - - - - - - - - - - - - - - 
} receiving information regarding the 
direction of travel of the lumen traveling 

: device 2523 
receiving information regarding the receiving information regarding the presen eceiving information regard g the presence presence or absence of a chemical marker or 

or absence of a marker or label indicating -- : label indicating whether or not at least one 
whether or not at least one of the at least two of the at least wo possible directions of A 

possible directions of travel has previously 

} receiving information regarding the position 
of the lumen traveling device 2524 

travel has previously been traveled by the 
been traveled by the lumen traveling device lumen traveling device 2526 

receiving information regarding the presence or absence of a physical marker or label 
indicating whether or not at least one of the at least two possible directions of travel has : 
previously been traveled by the lumen traveling device 2527 
k 

selecting a direction of travel from the at least two possible directions of travel based at least in 
part on the information related to whether or not at east one of at least two possible directions 
of travel of the lumen traveling device through the body tube tree has previously been traveled 
by the lumen traveling device 2506 

directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in the 
Selected direction of travel 2508 

END F.G. 25C 
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selecting a direction of travel from the at least two possible directions of travel based at least in 
part on the information related to whether or not at least one of at least two possible directions of 
travel of the lumen traveling device through the body tube tree has previously been traveled by 
the lumen traveling device 2506 

selecting a direction of travel that has 
not previously been traveled by the 
lumen traveling device 2530 

selecting a direction of travel that is the east : 
frequently traveled by the lumen traveling device 
of the at least two directions of travel 253 

o o a 

I selecting a direction of travel that is the selecting a direction of travel that is the east 
| most frequently traveled by the humen | | recently traveled by the lumen traveling device 
traveling device of the at least two of the at least two directions of travel 2533 : 
directions of travel 2532 | 

selecting a direction of travel that is the most avoiding at least one portion of the body 
Irecently traveled by the lumen traveling device tube tree having a dimension less than a 
| of the at least two directions of travel 2534 | specified minimum dimension 2535 | 

a 

storing a record of the selected direction of travel 2536 2510 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
! directing an active portion of the humen traveling device to mark or label the selected 
: direction of travel 2537 

directing an active portion of the lumen traveling device to mark or label the 
traveling device to mark or label the selected : selected direction of travel by marking or 
direction of travel by marking or labeling a labeling a selected body lumen with a 
selected body lumen with a chemical marker physical marker or label 2543 

- - - - - - - - - - - - - - - - - - - - - - 
or label 2538 physical marker physical marker or 

or label includes 
a magnetic 

label includes an 
Chemical marker or label includes a 
Ibiochemical marker or label 2539 marker or label marker or label 

optically detectable | 
- - - - - - - - - - - - - - - - - - - - - - - 
ibiochemical marker biochemical ; :: 2544 2545. 

- or label includes a marker or label ; 
nucleic acid 2540 includes a | | r - - - - - - - - - ---------| 
------------ protein 2541 ; : physical marker or physical marker 

t -----------i I label includes a or label includes 
------------- magnetically an electrically 

i chemical marker or label includes a detectable marker I detectable marker 
radioactive marker or label 2542 : or label 2546 or labe 2548 

FG, 2.5D 
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identifying a stop condition based at least in part on the sensed local parameter value; and 
| directing at least one of the steering mechanism and the propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to stop movement of the lumen traveling 
device through the body tube tree based at least in part on the identified stop condition 255 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

| storing data representing the sensed local parameter value in a memory location on the lumen 
: | traveling device 2552 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

a. transmitting data representing the sensed local parameter value from the lumen traveling : 
device to a remote device 2553 

I storing motion control instructions for directing operation of at least one of the steering 
mechanism and the propelling mechanism in a memory location on the Eumen traveling 
device 2554 

transmitting motion control instructions for directing operation of at least one of the Steering 
mechanism and the propelling mechanism on the lumen traveling device to a remote device 
2555 

wherein the method steps are performed by the humen traveling device 2557 

wherein a portion of the method steps are performed by the lumen traveling device and a 
portion of the method steps are performed at least in part by a remote device 2558 
- - 

FIG. 2SE 
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F.G. 26A 

262 
FIG. 26B 

F.G. 26C 3. 
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2700 A system comprising: 

2702 non-transitory machine readable media for use in a lumen traveling 
device control system 

2704 
one or more instructions that cause the lumen traveling device 

control system to identify at least two possible directions of travel of a 
lumen traveling device through a body tube tree, the body tube tree 
including a plurality of branched, interconnected channels, and the at 
least two possible directions of travel corresponding to at least two of the 
branched, interconnected channels; 

one or more instructions that cause the lumen traveling device 
control system to receive data representing at least one parameter value 
sensed from at least one of the at least two possible directions of travel 
of the lumen traveling device through the body tube tree; 

one or more instructions that cause the lumen traveling device 
control system to select a direction of travel from the at least two 
directions of travel based at least in part on the data representing at least 
one parameter value sensed from at least one of the at least two possible 
directions of travel of the lumen traveling device through the body tube 
tree; and 

one or more instructions that cause the lumen traveling device 
control system to direct at least one of the steering mechanism and the 
propelling mechanism on the lumen traveling device to cause the lumen 
traveling device to move through the body tube tree in the selected 
direction of travel 

- - - - - - - - - - - - - 
270, computer readable media | 2708 recordable-type media 

FIG. 27 
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2800 

START 

identifying at least two possible directions of travel of a lumen 
traveling device through a body tube tree, the body tube tree 
including a plurality of branched, interconnected channels, and 
the at least two possible directions of travel corresponding to at 
least two of the branched, interconnected channels 2802 

receiving data representing at least one parameter value Sensed 
from at least one of the at least two possible directions of travel 
of the lumen traveling device through the body tube tree 2804 

selecting a direction of travel from the at least two directions of 
travel based at least in part on the data representing at least one 
parameter value sensed from at least one of the at least two 
possible directions of travel of the lumen traveling device 
through the body tube tree 2806 

directing at least one of a steering mechanism and a propelling 
mechanism on the lumen traveling device to cause the lumen 
traveling device to move through the body tube tree in the 
selected direction of travel 2808 

END 

FG. 28A 
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280 

START 

identifying at least two possible directions of travel of a lumen traveling device through a body 
tube tree, the body tube tree including a plurality of branched, interconnected channels, and the 
at least two possible directions of travel corresponding to at least two of the branched, 
interconnected channels 28O2 

receiving data representing at least one parameter value Sensed from at least one of the at least 
two possible directions of travel of the humen traveling device through the body tube tree 

2804 

selecting a direction of travel from the at least two directions of travel based at least in part on 
the data representing at least one parameter value Sensed from at least one of the at east two 
possible directions of travel of the lumen traveling device through the body tube tree 2806 

directing at least one of a steering mechanism and a propeling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in the 
Selected direction of travel 2808 

instruction related to selecting a parameter type of the at least one parameter sensed from 
the at least one of the at least two possible directions of travel of the lumen traveling device 

receiving at least one user input instruction from a medical care provider, the user input 

through the body tube tree 2820 

receiving at least one user input instruction from a medical care provider, the user input 
instruction related to selecting a parameter value range for the at least one parameter value 
sensed from the at least one of the at least two possible directions of travel of the lumen 
traveling device through the body tube tree 2821 

F.G. 28B 
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directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in the 
Selected direction of trave 2808 

mechanism and the propelling mechanism 
: on the lumen traveling device to cause the 
lumen traveling device to move through the 
body tube tree in the selected direction of 

: travel for a pre-determined distance 2822 

directing at least one of the steering mechanism and 
the propelling mechanism on the lumen traveling 
device to cause the lumen traveling device to move 
through the body tube tree in the selected direction of 

: travel until an stop instruction is received from a 
remote device by the lumen traveling device 2824 

: directing at least one of the 
steering mechanism and 

: the propelling mechanism 
i on the lumen traveling 
device to cause the lumen 
traveling device to 

: continue moving in a 
current direction of travel 

Edirecting at least one of 
the steering mechanism 
and the propelling 

I mechanism on the Eumen 
traveling device to cause 
the lumen traveling 

i device to reverse its 
direction of travel 2827 

s directing at least one of the Steering 
mechanism and the propelling mechanism 
on the lumen traveling device to cause the 
lumen traveling device to move through 
the body tube tree in the selected 
direction of travel for a pre-determined 
duration 2823 

Edirecting at least one of the 
steering mechanism and the 

: propelling mechanism on the 
: lumen traveling device to 
cause the lumen traveling 
device to turn 2825 

idirecting at least one of the 
steering mechanism and the 
propelling mechanism on 
the lumen traveling device 

: to cause movement of the 
lumen traveling device 
based on a previous 

: movement direction 282 

fdirecting at least one of the steering 
mechanism and the propelling mechanism 
on the lumen traveling device to cause the 

| lumen traveling device to move in a 
different direction the direction it was 
previously instructed to move 2829 

: directing at least one of the steering 
mechanism and the propelling mechanism 

: on the lumen traveling device to cause the 
| lumen traveling device to move in the 
: same direction it was previously directed 
to move 2830 

FG, 28C 
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receiving data representing at least one parameter value sensed from at least one of the at least : 
i 

I two possible directions of travel of the lumen traveling device through the body tube tree : 
: 

283 

- - - - - - - - - - - - - - - - - - - - ... TTT ... TTT receiving data representing an analyte 2832 t receiving data receiving data 
- - - - - - - - - - - - - - - - - - - - E. representing a representing a 

I receiving data representing an analyte 's to l irracer temperature 2834 pressure 2835 | selected from the list consisting of a 
chemical, a biomaterial, an ion, an 

| electrolyte, a biological marker, an 
antibody, a polypeptide, a protein, a 
nuciueic acid, an oligonucleotide, a 

; 

I 

r | polynucleotide, a complex, a 

i 

: 

I 

I receiving data representing a structural 
R parameter of at least one of the plurality of 
I branched interconnected channels 2837 

| pathogen, a signaling material, a lipid. 
an alcohol, a sterol, a steroid, a 

I carbohydrate, a Sugar, a drug, a } receiving data representing a length, 
. r - Dr. 

width, diameter, thickness, direction, 
orientation, structural configuration, 

therapeutic, a gas, a metabolite, a 

P } branching pattern, distance from a 
cytokine, a chemokine, a hormone, an 

| inflammatory molecule, a cell, and a 
cell fragment 2833 branch point, proximity to a valve, or 

X 

proximity to a channel restriction of at 
} east one of the plurality of branched receiving data ; : 
interconnected channels 2838 

receiving data 
- s 

representing an representing a 
| electrical field magnetic field 
2839 | 2840 

- - - - - - - - - - - - - - - - - - - - 

--------- : . . - - - - - - - - - - - - - - - - - - - receiving data receiving : receiving i receiving data from at receiving 
1. w vy YF w representing an data data east one parameter data from a 

device 2845 

: 

representing | sensor on the lumen remote 
i signal 284 | 

r electromagnetic representing 
an acoustic an optical I traveling device 2844 
signal 2842 : signal 2843 

- - - - - - - - - - - - - - - - - - - - i l 

s receiving data representing at least one parameter value sensed from at least one of the at 
least two possible directions of travel at at least two different times, and wherein 

| selecting a direction of travel from the at east two directions of travel based at least in 
I part on the data includes selecting the direction of travel based on the value of a function 
: of the at least one parameter at the at least two different times 2846 

F.G. 28D 
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selecting a direction of travel from the at least two directions of travel based at east in part on 
the data representing at east one parameter value sensed from at least one of the at least two 
possible directions of travel of the lumen traveling device through the body tube tree 2806 

avoiding at least one direction of travel if the data representing the at least one parameter : 
- A 

value sensed from the at least one direction of travel indicates that the at least one 
direction of travel is non-navigable by the lumen traveling device 2850 

selecting the direction of travel based on the value of a function of the at least one 
parameter 285 

W a 

| Selecting the direction of travel 
having a value of the function 

selecting the direction 
f 
selecting the direction of 

value of the function of } highest value of the : of the at least one parameter 
the at least one : | function of the at least that falls within a specified 
parameter 2852 one parameter 2853 range of values 2854 
!--------------- - - - - - - - - - - - - - !------------------ 

selecting a direction of travel from the at least two directions of travel based at least in part | 
on the data representing parameter values sensed at two or more times by comparing a rate 
of change of at least one parameter from the at least two possible directions of travel and 
selecting the direction of travel having the lowest rate of change of the at least one : 
parameter 2855 | 

selecting a direction of travel from the at least two directions of travel based at least in part 
on the data representing parameter values sensed at two or more times by comparing a rate 
of change of at least one parameter from the at least two possible directions of travel and 
selecting the direction of travel having the highest rate of change of the at least one 
parameter 2856 

F.G. 28E 
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| identifying a stop condition based at least in part on the data representing at least one 
parameter value sensed from at least one of the at least two possible directions of travel of 
the lumen traveling device through the body tube tree; and 

: directing at least one of the steering mechanism and the propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to stop moving through the body tube | 
tree 2860 

w w i storing the data representing at least one parameter value sensed from at least one of the at 
least two possible directions of travel of the lumen traveling device through the body tube 
tree in a memory location on the lumen traveling device 286 

| storing instructions related to directing at least one of the steering mechanism and the 
propelling mechanism on the lumen traveling device to cause movement of the lumen 
traveling device in a memory location on the lumen traveling device 2862 

: 
i transmitting the data representing at least one parameter value sensed from at least one of the 
at least two possible directions of travel of the lumen traveling device through the body tube 
tree from the lumen traveling device to a remote device 2863 

: transmitting instructions related to directing at least one of the steering mechanism and the 
propelling mechanism on the lumen traveling device to cause movement of the unen 

: traveling device from the lumen traveling device to a remote device 2864 

F - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
a w 4 

receiving at east one of instructions or data from a remote device 2865 

I receiving information related to whether or not at least one of at least two possible | 
directions of travel of the lumen traveling device through the body tube tree has previously : 
been traveled by the lumen traveling device; and | 
iselecting the direction of travel from the at least two possible directions of travel based at 
least in part on the information related to whether or not at least one of at least two possible 

. directions of travel of the lumen traveling device through the body tube tree has previously | 
} been traveled by the lumen traveling device 2866 

F.G. 28F 
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2900 A system comprising: 

2902 non-transitory machine readable media for use in a lumen traveling 
device control System 

2904 
one or more instructions that cause the lumen traveling device 

control system to identify at least two possible directions of travel of 
a lumen traveling device through a body tube tree, the body tube tree 
including a plurality of branched, interconnected channels, and the at 
least two possible directions of travel corresponding to at least two of 
the branched, interconnected channels; 

one or more instructions that cause the lumen traveling device 
control system to receive data representing a stored parameter value 
relating to a previous event associated with at least one of the at least 
two possible directions of travel; 

one or more instructions that cause the umen traveling device 
control system to select a direction of travel from the at least two 
directions of travel based at least in part on the data representing a 
stored parameter value relating to a previous event associated with at 
least one of the at least two possible directions of travel, and 

one or more instructions that cause the umen traveling device 
control system to direct at least one of a steering mechanism and a 
propelling mechanism on the umen traveling device to cause the 
lumen traveling device to move through the body tube tree in the 
selected direction of travel 

F.G. 29 
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3000 
START 

identifying at least two possible directions of travel of a 
lumen traveling device through a body tube tree, the 
body tube tree including a plurality of branched, 
interconnected channels, and the at least two possible 
directions of travel corresponding to at least two of the 
branched, interconnected channels 30O2 

receiving data representing a stored parameter value 
relating to a previous event 3004 

selecting a direction of travel from the at least two 
directions of travel based at least in part on the data 
representing a stored parameter value relating to a 
previous event 3006 

directing at least one of a steering mechanism and a 
propelling mechanism on the lumen traveling device to 
cause the lumen traveling device to move through the 
body tube tree in the selected direction of travel 

3008 

END 

FG. 30A 
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300 

identifying at least two possible directions of travel of a lumen traveling device through a 
body tube tree, the body tube tree including a plurality of branched, interconnected channels, 
and the at least two possible directions of travel corresponding to at least two of the branched, 
interconnected channels 3002 

I receiving data relating to a previous action performed 
by the lumen traveling device 3020 receiving data relating to 

a parameter value 
: wherein the previous action includes turning the : previously sensed by the 
: lumen traveling device in a first direction, and lumen traveling device 
wherein the data relating to the previous action 
includes data representing the first direction 302 

selecting a direction of travel from the at least two directions of travel based at least in part 
On the data representing a stored parameter value relating to a previous event 3006 

directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in 
the selected direction of travel 3008 

| determining that at least one of the at least two directions of travel is non-navigable by 
the lumen traveling device; wherein the selecting a direction of travel from the at least 
two directions of travel based at least in part on the data includes avoiding the at least 
one of the at least two directions of travel if it is non-navigable by the lumen traveling 

: device 3023 

F.G. 3OB 
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identifying a stop condition based at least in part on the data; 
and 
directing at least one of the Steering mechanism and the propelling mechanism on the 
lumen traveling device to cause to cause the lumen traveling device to stop moving 
through the body tube tree 3.030 

storing the data in a memory location on the lumen traveling device 303 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I storing motion control instructions for directing operation of at least one of the steering 
| mechanism and the propelling mechanism in a memory location on the lumen traveling 
device 3032 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
transmitting the data from the lumen traveling device to a remote device 3033 

: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- 

transmitting motion control instructions for directing operation of at least one of the 
| Steering mechanism and the propelling mechanism from the umen traveling device to a 
remote device 3034 

receiving at least one of instructions or data from a remote device 3035 

receiving information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has 

| previously been traveled by the humen traveling device; and 
selecting the direction of travel from the at least two possible directions of travel based at 
least in part on the information related to whether or not at least one of at least two 
possible directions of travel of the lumen traveling device through the body tube tree has 
previously been traveled by the lumen traveling device 3036 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FIG. 30C 
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directing at least one of the steering mechanism and the propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in 
the selected direction of travel for a pre-determined duration 3008 
---- | directing at least one of the steering 

} A. A. 

mechanism and the propelling mechanism and the propelling mechanism 
mechanism on the lumen traveling device on the lumen traveling device to cause the 

: to cause the lumen traveling device to men traveling device to move through the 
move through the body tube tree in the 
selected direction of travel for a pre 

: directing at least one of the steering 
D a. 

: mechanism and the propelling mechanism and the propelling mechanism 
: on the lumen traveling device to cause the : mechanism on the lumen traveling 

| device to cause the lumen traveling lumen traveling device to turn 3043 
: device to move through the body tube 
| tree in the selected direction of travel 
I until an stop instruction is received from 
a remote device by the lumen traveling 

: device 3042 

r 
| directing at least one of the steering 

Edirecting at least one of the steering 
mechanism and the propelling mechanism 
on the lumen traveling device to cause the 
lumen traveling device to continue moving 
in a current direction of travel 3044 

directing at least one of the steering 
mechanism and the propelling 
mechanism on the lumen traveling 

| device to cause to cause the lumen 
: traveling device to reverse its direction 
of travel 3045 

F.G. 3D 
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3100 A system comprising: 

302 non-transitory machine readable media for use in a lumen traveling 
device control system 

304 
one or more instructions that cause the lumen traveling device 

control system to receive data including at least one target parameter 
value representing a target location in a body tube tree, the body tube 
tree including a plurality of branched, interconnected channels, the 
target location being located within the body tube tree; 

one or more instructions that cause the lumen traveling device 
control System to direct the Sensing of at least one parameter value 
representative of a current location of the lumen traveling device 
within the body tube tree; 

one or more instructions that cause the lumen traveling device 
control system to determine whether the current location of the lumen 
traveling device is the target location; 

one or more instructions that cause the lumen traveling device 
control system to direct an active portion of the lumen traveling 
device to perform an action if the current location is the target 
location; and 

one or more instructions that cause the lumen traveling device 
control system to direct at least one of a steering mechanism and a 
propelling mechanism on the lumen traveling device to cause the 
lumen traveling device to move through the body tube tree in a 
selected direction of travel if the current location is not the target 
location 

FIG. 31 
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START 3200 

receiving data including at least one target parameter value representing a target location toward 
which the lumen traveling device is to travel through a body tube tree including a plurality of 
branched, interconnected channels, the target location being located within the body tube tree 
32O2 

sensing at least one parameter value representative of a current location of the lumen traveling 
device 3204 

determining whether the current location of the lumen traveling device is the target location 
3206 

directing an active portion of the umen traveling device to pcrform an action if the current 
location is the target location 3208 

directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in a 
selected direction of travel if the current location is not the target location 320 

END 

FG, 32A 
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320 

receiving data including at least one target parameter value representing a target location 
toward which the lumen traveling device is to travel through a body tube tree including a 
plurality of branched, interconnected channels, the target location being located within the 
body tube tree 32O2 

a - - - - - - - - - - - - - - - - - - - - - - - - 
| Target location is final destination of | Target location is an intermediate destination 

of lumen traveling device 3215 

sensing at least one parameter value representative of a current location of the unnen traveling 
device 3204 

directing an active portion of the lumen traveling device to perform an action if the current 
location is the target location 3208 

directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in a 
selected direction of travel if the current location is not the target location 3210 

determining the current location of the Eumen traveling device from the at least one 
parameter value representative of a current location of the lumen traveling device; 

target location includes comparing the current location of the lumen traveling device 

w a 

wherein determining whether the current location of the lumen traveling device is the 

| 
with the target location toward which the lumen traveling device is to travel 3216 

F.G. 32B 
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sensing at least one parameter value representative of a current location of the lumen 
traveling device 3204 

- - - - - - - - - - - - - sensing at least one parameter value sensing at least one parameter value 
representative of an orientation of at representative of an orientation of at 
least a portion of the body tube tree 'least a portion of the body tube tree 

withina absolute coordinate System 

3222 
Sensing at least one parameter Value sensing at least one parameter value 
representative of an orientation of at representative of an orientation of at 
least a portion of the body tube tree least a portion of the body tube tree 
within a relative coordinate system relative to at least one other portion of 
3223 the body tube tree 3224 

sensing at least one parameter value 
representative of an orientation of at 
least a portion of the body tube tree 
relative to at least one other portion of 
the body tube tree 3225 
- - - - - - - - - - - - - - 

through of at least a portion of the 
body tube tree 3226 

- - - - - - - - - - - - - - 

sensing at least one parameter value sensing at least one parameter value 
representative of a direction of fluid representative of a chemical 3228 
flow through of at least a portion of the 
body tube tree 3227 

lung a us an as as a u an up as a us a 

sensing of at least one parameter value representative of at least one of a biological 
marker, a biomaterial, a carbohydrate, a sugar, a cell, a cell fragment, microbe, a 
microbial fragment, a virus, a viral fragment, a chemical, a chemokine, a hormone, a 
complex, a cytokine, a drug, a gas, a lipid, a metabolite, a pathogen, a signaling 
material, a polypeptide, a protein, a nuclueic acid, an oligonucleotide, a 
polynucleotide, a steroid, a hormone, a therapeutic, an alcohol, an antibody, an 
electrolyte, an inflammatory molecule, or an ion 3229 

F.G. 32C 
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sensing at least one parameter value representative of a current location of the lumen 
traveling device 3204 

- - - - - - - - - - - - - - - 
sensing at east one parameter value sensing at least 

a a - - - 
sensing at least one 

representative of a concentration i lone parameter parameter value 
gradient of at least one of a biological value representative of a 
marker, a biomaterial, a carbohydrate, representative of 
a sugar, a cell, a cell fragment, a temperature 3232 
microbe, a microbial fragment, a 323i 
virus, a viral fragment, a chemical, a 
chemokine, a hormone, a complex, a - - 
cytokine, a drug, a gas, a lipid, a sensing at least 
metabolite, a pathogen, a signaling one parameter 
material, a polypeptide, a protein, a value 
nuclueic acid, an oligonucleotide, a representative of 
polynucleotide, a steroid, a hormone, alumenal 
a therapeutic, an alcohol, an antibody, dimension 3233 
an electrolyte, an inflammatory 
molecule, or an ion 3230 

- 

O AD O O. O. O AD O O D D. D. O. - 

sensing at least one parameter value 
representative of a humen waii 
mechanical property 3235 

- - - - - - - - - - - - - - - 
sensing at least one parameter value 
representative of an electromagnetic 
fied 3237 

temperature gradient 

sensing at least one 
parameter value 
representative of a 
materia in or on a 
lumen waii. 3234 

! - - - - - - - - - - - - - - - - 

AAA AAA AAP AAA AAA 

sensing at least one parameter value 
representative of a position signal 3236 

Sensing at least one parameter value 
representative of a the presence of a 
marker or label3238 

F.G. 32D 
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determining whether the current location of the lumen traveling device is the target location 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

comparing the at least one parameter value representative of a current location of the 
lumen traveling device with the at least one target parameter value representing a target : 
location toward which the lumen traveling device is to travel 3239 

target parameter target parameter 1 target parameter target parameter | 
value representing value representing value representing value representing 
the target location the target location : the target location the target location : 
includes a includes a pressure includes a fluid ! includes an optical 

{3241 flow 3242 labsorption 3243 
- - - - - - - - - - - - 

- 

target parameter target parameter I target parameter : target parameter 
value representing r value representing value representing value representing 
the target location the target location the target location the target location 
includes an includes a includes a I includes an index : 
optical emission * fluorescence 3245 : phosphorescence of refraction 3247 

- 

target parameter r- a-- - - - - - - - - - - 

value representing target parameter : target parameter 1 target parameter 
the target location value representing value representing value representing 
includes an the target location the target location the target location 
electrical includes a density includes a sound : includes a pH 3251 
resistivity 3248 speed 3250 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

target parameter value | target parameter value representing the target location 
representing the target I includes at least one of temperature, pressure, fluid flow, 

V A. -- a 

location includes an optical absorption, optical emission, fluorescence, 
osmolality or | phosphorescence, index of refraction at at least one 
concentration 3252 wavelength, electrical resistivity, density, sound speed. 

pH, osmolality, or concentration 3253 

F.G. 32E 
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directing an active portion of the unen traveling device to perform an action if the current 
location is the target location 3208 

directing the active portion of the lunen traveling device to release amaterial 32SS 
adhesive. a filler, a polymer, a hydrogel, an antibiotic, an antibody, an antiviral, a 
pharmaceutical compound, a nutrient, a hormone, a growth factor, a catalyst, a drug, a 
therapeutic compound, a chemical, a biomaterial, a biological label, an enzyme, a 
protein, a nuchueic acid, an oligonucleotide, a polynucleotide, a polypeptide, a genetic 
material, a cell, a fraction of a cell, a cell fragment, a complex, a vaccine, a vitamin, a 
neurotransmitter, a neurotropic agent, a neuroactive material, a cytokine, a chemokine, 
a hormone, a cell-signaling material, a pro-apoptotic agent, an anti-apoptotic agent, an 
immunological mediator, an anti-inflammatory agent, a salt, an ion, an electrolyte, an 
antioxidant, an imaging agent, a labeling agent, a diagnostic compound, a nanomaterial, 
an inhibitor, a lipid, an alcohol, a sterol, a steroid, a carbohydrate, a sugar, a gas, or a 
blocker 3256 li-------------------------------------- 

- - - - - - - 

directing the active directing the directing the active portion of the lumen 
iportion of the lumen active portion traveling device to collect a Sample 3259 
itraveling device to of the lumen a a H as a as a a 

s A. v release a device or traveling device directing the active portion of the lumen 
! structure 3257 to release 
- - - - - - - - energy 3258 

traveling device to collect at least one of a 
fluid sample or a sample from a wall region 

a of the body tube tree 3260 
directing the 
active portion directing the active - - - - - - - - - - - - - - - - 
of the lumen portion of the directing the active directing the active 
traveling device lumen traveling portion of the lumen portion of the lumen 
to collect a device to attach a traveling device to traveling device to 
device or structure to a wall deliver a material or Ireceive material or 
structure 326 of the body tube structure to a receiving structure from a 

tree 3202 - portion of a man-made 
directing the device 3263 
active portion r- - - - - ... - 
of the lumen directing the directing the 
traveling active portion active portion directing the directing the 
device to of the lumen of the lumen active portion of active portion of 
deliver a traveling traveling the lumen the lumen 
material to a device to device to traveling device traveling device 
wall region of receive a signal receive power to transmit a to perform a 
the body tube from a remote from a remote signal to a remote surgical step or 
tree 3298 source 3265 (source 3266 location 3267 procedure 3268. 

we were were sees see eas were are es are are are sees its s as was as ess was - - - - - - 

delivery portion of a 
man-made device 3264 

- 

F.G. 32F 
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directing an active portion of the lumen traveling device to perform an action if the current 
location is the target location 3208 

- - - - - - - - - - - - - - - - - - - - - - - directing the directing the active directing the directing the 
tactive portion of portion of the lumen active portion of active portion of 
the lumen traveling device to the lumen the lumen 

itraveling device remove specific traveling device traveling device 
i to remove tissue components from at to perform an to generate a 
from at least a least a portion of a action includes | localized electric 

tportion of the fluid within the body exposing a field 3272 
body tube tree tube tree 3270 catalyst 327 

directing the directing the 
active portion of active portion of 
the lumen the lumen 

traveling d O traveling device traveling device 
generate a localize to produce to emit 
magnetic field 3273 heating 3274 electromagnetic 

radiation 3276 

r - directing the active 
portion of the lumen 

- - - - - - - - - - - - - - - - - - directing the active directing the active portion of directing the active 
the lumen traveling device to portion of the lumen 

traveling device to emit apply pressure to at least a traveling device to 
acoustic energy 3277 portion of the body tube trec modulate the flow of fluid 

3278 through at least a portion 
of the body tube tree 3279 

portion of the lumen 

FIG. 32G 
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directing at least one of a steering mechanism and a propelling mechanism on the humen 
traveling device to cause the lumen traveling device to move through the body tube tree in a 
Selected direction of travel if the current location is not the target location 3210 

- - 1 A s w directing at least one of the steering directing at least one of the steering 
mechanism and the propelling mechanism and the propelling 
mechanism on the lumen traveling mechanism on the lumen traveling 
device to cause the lumen traveling device to cause the lumen traveling 
device to stop 3280 device to advance 3281 

directing at least one of the steering 
mechanism and the propelling 
mechanism on the lumen traveling 
device to cause the lumen traveling 
device to reverse direction 3282 

FG. 32H 
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| location on the lumen traveling device 3286 Wherein the map data is 
3285 encrypted 3.297 
- - - - - - - - - - - - - - EE------ 

receiving data representing at least one parameter value sensed from at least one of at least 
two possible directions of travel of the lumen traveling device through the body tube 

selecting a direction of travel from the at least two directions of travel based at least in part 
on the data 3287 

X 

in part on the data includes avoiding at least one of the at least two directions of 
itravel if at least one of the at least two directions of travel is non-navigable by the 
lumen traveling device 3288 

receiving information indicating whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has 
previously been traveled by the lumen traveling device; and 

selecting a direction of travel from the at least two directions of travel based at least in 
part on the information indicating whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has 
previously been traveled by the lumen traveling device 3289 

F.G. 32. 
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storing motion control instructions for directing operation of at least one of the steering 
mechanism and the propelling mechanism in a memory location on the lumen traveling 
device 3290 

transmitting the data from the lumen traveling device to a remote device 329 

transmitting motion control instructions for directing operation of at least one of the 
steering mechanism and the propelling mechanism from the lumen traveling device to a 
remote device 3292 

receiving at least one of instructions or data from a remote device 3293 

Wherein the instructions or data are encrypted 3299 

determining the current location of the lumen traveling device on a map of at least a 
portion of a body tube tree, the fumen traveling device located within the body tube 
tree represented by the map; and 

planning a path of travel for the lumen traveling device, the path of travel leading at least 
a portion of the way between the current location and the target location, wherein 
directing at least one of a steering mechanism and a propelling mechanism on the 
lumen traveling device to cause the lumen traveling device to move through the body 
tube tree in a selected direction of travel if the current location is not the target 
location along the planned path of travel 3294 

FG. 32. 
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3300 A system comprising: 

3302 non-transitory machine readable media for use in a lumen traveling 
device control system 

3304 

one or more instructions that cause the lumen traveling device 
control System to obtain a map of at least a portion of a body tube tree 
including a plurality of branched interconnected channels: 

one or more instructions that cause the lumen traveling device 
control system to determine a current location of a lumen traveling 
device on the map with an operation performed on-board the lumen 
traveling device, the humen traveling device located within the body tube 
tree represented by the map: 

one or more instructions that cause the lumen traveling device 
control system to determine a target location for the lumen traveling 
device within the body tube tree; 

one or more instructions that cause the lumen traveling device 
control system to plan a path of travel for the lunen traveling device, the 
path of travel leading at least a portion of the way between the current 
location and the target location; and 

one or more instructions that cause the lumen traveling device 
control system to direct at least one of a steering mechanism and a 
propelling mechanism on the lumen traveling device to cause the lumen 
traveling device to move through the body tube tree along the path of 
trave 

3306 computer readable media 

F.G. 33 
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3400 

N 
3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an 
operation performed on-board the lumen traveling device, the lumen traveling device located 
within the body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

3410 causing movement of the lumen traveling device through the body tube tree along the 
path of travel 

END 

F.G. 34A 
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340 

N START 
3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an 
operation performed on-board the lumen traveling device, the lumen traveling device 
located within the body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

3410 causing movement of the lumen traveling device through the body tube tree along the 
path of travel 

3412 sensing at least one parameter value with at least one sensor on the lumen traveling 
device; and 

344 performing a further operation with the lumen traveling device based upon the at 
least one Sensed parameter value 

FIG. 34B 
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3403 

N START 
3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an 
operation performed on-board the lumen traveling device, the lumen traveling device 
located within the body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

3410 causing movement of the humen traveling device through the body tube tree along the 
path of travel 

3416 sensing at least one parameter value with at least one sensor on the lumen traveling 
device 

3418 determining that at least a portion of the planned path of travel is non-navigable by 
the lumen traveling device based on the at least one sensed parameter value 

3420 revising the planned path of travel to avoid the non-navigable portion of the planned 
path of travel 

F.G. 34C 
END 
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3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

the map includes a the map includes a 
topological map 3421 metric map 3422 

generating a map of at least a portion of the body tube tree through exploration of 
the body tube tree with the lumen traveling device 3423 

receiving a map of at least a portion receiving a map of at east a portion 
of the body tube tree from a remote of the body tube tree from another 
source 3424 lumen traveling device 3425 

3406 determining a target location for the lumen traveling device within the body tube tree 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

wherein determining a target location for the lumen traveling device within the body 
tube tree includes receiving at least one instruction regarding a target location from a 
remote device 3426 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F.G. 34D 
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3408 planning a path of travel for the lumen traveling device, the planned path of travel leading 
at least a portion of the way between the current location and the target location 

planning a path between planning a path between the current location and a second 
the current location and location in the body tube tree, the second location intermediate 
the target location 3427 between the current location and the target location on a map of 

the body tube tree 3429 
the target location is a --- as a a a- - - - - - - - - - - - 
selected anatomical planning a path between a first branch point at the current 

| location 3428 

planning a first path of travel leading between the current location and an intermediate 
i location and a planning a second path of travel leading between the intermediate location and 
i the target location and wherein causing movement of the lumen traveling device through the 
body tube tree along the path of travel includes causing the lumen traveling device to move 
along the first path of travel leading between the current location and an intermediate 

i location and causing the lumen traveling device to move along the second path of travel 
leading between the intermediate location and the target location 343 

wherein causing the lumen traveling device to move along the first path of travel travel 
includes controlling the movement of the lumen traveling device according to a first 
algorithm and causing the humen traveling device to move along the second path of travel 
includes controlling the movement of the lumen traveling device according to a second 
algorithm, wherein the first algorithm is different than the second algorithm 3432 

wherein the first algorithm is a Markov localization algorithm and the second 
algorithm is a Kalman filtering algorithm 3433 
- 

y - - - - - - - - - - r - - - - - - - - - - 1. : wherein obtaining a wherein obtaining a map of wherein obtaining a map of at 
map of at least a at least a portion of a body least a portion of a body tube 
portion of a body tube tube tree includes receiving tree includes generating a map 
tree includes receiving the map of at least a portion of at least a portion of the 
the map of at least a of a body tube tree from a body tube tree through 
portion of a body tube data storage location on th exploration of the body tube 

} tree from a remote lumen traveling device tree with the lumen traveling 
! device 3434 device 3436 

FG. 34E 
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350 N 
3500 Generating map of body tube tree (node tree) with external medical imaging 

3502 Performing scan (e.g., magnetic resonance imaging, computed tomography) 

3504 Generating computer model of the 3D structure of body tube tree 

3506 Generating topological map (e.g., branched node tree), including data on distance 
between nodes, using computational modeling 

3508 Loading map data into lumen traveling device navigation system (either on-board or in 
remote device) 

3510. Inserting humen traveling device into body tube tree 

512 Controlling navigation of lumen traveling device from node to node 
rea as as as as 354 Use 356 when 358 Combining data from T. 3520 

measurement traveling, | map, idiothetic sensing (e.g., Update 
device (e.g. measure distance traveled, inertial correct map 
ultrasound, arrival distance measurements, lumen as needed 
Sensor) to detect traveled from diameter), local parameter 
and measure one node to sensing and position indicator 
branches at the next signals to localize lumen 
junctions traveling device in the lumen 

node tree (e.g. confirm 
| location) 

F.G. 35 
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FIG. 36 
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3704 

3702 

FIG. 37 

  



Patent Application Publication Feb. 2, 2017. Sheet 67 of 99 US 2017/0027424 A1 

3800 Planning a path of travel 

3802 Planning path to specific 3806 Planning path along 
location gradient of specific parameter 

3804. Planning optimal path 380S Choosing local 
o target location based on branch / direction that 
nown graph-search-based leads in desired 
lanning techniques (map) 

380 Planning path based on 
previous event 

388 Choosing 
branch f direction 
Substantially at random 

3814. Planning path based 
on previous action, 
movement, and/or 

F.G. 38 
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3900 A system comprising: 

3902 non-transitory machine readable media for use in a lumen traveling device control 
system 

304 
one or more instructions that cause the lumen traveling device control System to 

obtain a map of at least a portion of a body tube tree including a plurality of branched, 
interconnected channels, 

one or more instructions that cause the lumen traveling device control System to 
determine a current location of a lumen traveling device on the map with an operation 
performed on-board the lumen traveling device, the Eumen traveling device located 
within the body tube tree represented by the map: 

one or more instructions that cause the lumen traveling device control system to 
determine a target location for the lumen traveling device within the body tube tree; 

one or more instructions that cause the lumen traveling device control system to plan 
a path of travel for the unen traveling device, the path of travel leading at least a portion 
of the way between the current location and the target location; 

3904 
wherein the one or more instructions that cause the lumen traveling device 

control system to plan a path of travel for the lumen traveling device include 
one or more instructions that cause the lumen traveling device control 

system to determine a first path of travel leading between the current location 
and an intermediate location; and 

one or more instructions that cause the lumen traveling device control 
system to determine a second path of travel leading between the intermediate 
location and the target location 

and 
one or more instructions that cause the lumen traveling device control system to 

direct at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree 
along the path of travel 
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4000 
START 

3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an 
operation performed on-board the lumen traveling device, the umen traveling device 
located within the body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

4008 wherein planning the path of travel for the lumen traveling device includes 
planning a first path of trave leading between the current location and an intermediate 
location and a planning a second path of travel leading between the intermediate 
location and the target location 

340 causing movement of the lumen traveling device through the body tube tree along the 
path of travel 
400 wherein causing movement of the lumen traveling device through the body tube 
tree along the path of travel includes causing the lumen traveling device to move along 
the first path of travel leading between the current location and an intermediate 
location and causing the lumen traveling device to move along the second path of 
travel leading between the intermediate location and the target location 

END 
F.G. 40 
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40 42 

FIG. 4A 

400 

F.G. 41B 
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4200 

N START 
introducing a lumen traveling device into the vasculature of 
a subject 42O2 

activating a propelling mechanism on the lumen traveling 
device to cause the lumen traveling device to travel through 
the vasculature of the subject 4204 

emitting a first wavelength of electromagnetic radiation with 
a light emitting diode on the lumen traveling device 4206 

detecting an atherosclerotic plaque in the vasculature of the 
Subject by sensing a second wavelength of electromagnetic 
radiation with an imaging Sensor in the lumen traveling 
device, wherein the second wavelength of electromagnetic 
radiation is emitted by the atherosclerotic plaque in response 
to the first wavelength of electromagnetic radiation 4208 

releasing a therapeutic agent from a reservoir of the lumen 
traveling device in response to detection of the 
atherosclerotic plaque 420 

END 

FG. 42 
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4300 A system comprising: 

4302 non-transitory machine readable media for use in a lumen traveling 
device control system for controlling a lumen traveling device including a light 
emitting diode, an imaging sensor, a reservoir containing a therapeutic agent for 
treatment of an atherosclerotic plaque, and a propelling mechanism 

304 

one or more instructions that cause the lumen traveling device 
control system to activate the propelling mechanism to cause the 
lumen traveling device to travel through the vasculature of the 
subject; 

one or more instructions that cause the lumen traveling device 
control system to direct the light emitting diode to emit a first 
wavelength of electromagnetic radiation: 

one or more instructions that cause the lumen traveling device 
control system to direct the detection of an atherosclerotic plaque by 
sensing a second wavelength of electromagnetic radiation emitted by 
the atherosclerotic plaque with the imaging sensor; and 

one or more instructions that cause the lumen traveling device 
control system to release the therapeutic agent from the reservoir of 
the lumen traveling device in response to detection of an 
atherosclerotic plaque 

FG, 43 
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4. 4. 2 

4406 

4402 
4402 

4408 

440 

FIG. 44 
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4550 
START 

introducing a lumen traveling device into the bronchial 
airway of the subject 4502 

sensing a analyte produced by the lesion in the exhaled 
breath of the subject with a sensor including an electronic 
nose on the lumen traveling device, as the lumen traveling 
device moves through the bronchial airway with a propelling 
mechanism on the lumen traveling device 

4504 

determining a concentration gradient of the analyte with 
control circuitry on the lumen traveling device 

4506 

moving the lumen traveling device through the bronchial 
airway along the concentration gradient in the direction of 
the highest concentration of the analyte 

moving along the concentration gradient until the 
concentration gradient reverses direction: 

identifying the location of the lesion as the region of highest 
concentration of the analyte, wherein the region of highest 
concentration is identified by the change in direction of the 
concentration gradient, 452 

moving the lumen traveling device to the location of the 
lesion as determined by the change in direction of the 
concentration gradient; 4514 

delivering a treatment to the lesion with the lumen traveling 
device 

456 

FIG. 45 
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4600 A system comprising: 

4602 non-transitory machine readable media for use in a lumen traveling device 
control System 

one or more instructions that cause the umen traveling device control System 
to direct a sensor including an electronic nose on a lumen traveling 
device to sensea analyte indicative of a lesion in a bronchial airway 
of a subject while the umen traveling device moves through the 
bronchial airway: 

one or more instructions that cause the iumen traveling device control system 
to determine a concentration gradient of the analyte; 

one or more instructions that cause the unen traveling device control System 
to direct at least one of a steering mechanism and a propelling 
mechanism on the lumen traveling device to move the lumen 
traveling device through the bronchial airway along the concentration 
gradient in the direction of the highest concentration of the analyte 
with a propelling mechanism on the lumen traveling device; 

one or more instructions that cause the umen traveling device control system 
to detect when the concentration gradient reverses direction; 

one or more instructions that cause the iumen traveling device control system 
to reverse the direction of movement of the lumen traveling device 
when the concentration gradient changes direction; 

one or more instructions that cause the iumen traveling device control system 
to direct at least one of the steering mechanism and the propelling 
mechanism on the lumen traveling device to move the umen 
traveling device to the location of the lesion as determined by the 
change in direction of the concentration gradient, and 

one or more instructions that cause the lumen traveling device control system 
to direct the lumen traveling device to deliver a treatment to the 
lesion 

F.G. 46 
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FG. 47 
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4850 

N START 
introducing a lumen traveling device into a cerebrospinal 
fluid flow route of a subject 4802 

causing the lumen traveling device to travel through the 
cerebrospinal fluid flow route 4804 

detecting circulating tumor cells from a meningeal 
malignancy with a microelectromechanical system 
miniaturized Coulter counter on the lumen traveling device, 
based upon differentiation of circulating tumor cells by 
volume 4806 

in response to detection of circulating tumor cells, releasing 
a chemotherapeutic agent from a reservoir on the lumen 
traveling device 4808 

END 

F.G. 48 
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4900 A system comprising: 

4902 non-transitory machine readable media for use in a lumen traveling 
device control system 

4904 
one or more instructions that cause the lumen traveling device 

control system to direct at least one of a steering mechanism and a 
propelling mechanism on the lumen traveling device to cause a lumen 
traveling device to travel through a cerebrospinal fluid flow route of a 
subject; 

one or more instructions that cause the lumen traveling device 
control system to detect circulating tumor cells from a meningeal 
malignancy with a microelectromechanical system miniaturized 
Coulter counter on the lumen traveling device; and 

one or more instructions that cause the lumen traveling device 
control system to release a chemotherapeutic agent from a reservoir 
on the lumen traveling device in response to detect circulating tumor 
cells with the microelectromechanical system miniaturized Coulter 
counter on the unen traveling device 

4908 recordable-type media 

F.G. 49 
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5050 
START 

introducing a lumen traveling device into a cerebral 
ventricle of a subject 

activating a propelling mechanism on the lumen traveling 
device to propel the lumen traveling device through the 
ventricle 5004 

detecting the binding of human immunodeficiency virus 
marker to one or more carbon nanotube-field effect 
transistors functionalized with an human immunodeficiency 
virus marker binding moiety on a fluid-contacting Surface of 
the lumen traveling device 9. 5006 

in response to detection of human immunodeficiency virus 
marker in the cerebrospinal fluid, releasing the one or more 
antiretroviral drugs from a reservoir in the lumen traveling 
device; wherein the activating a propelling mechanism, 
detecting the binding of human immunodeficiency virus 
mark, and releasing the one or more antiretroviral drugs in 
response to detection of human immunodeficiency virus 
marker are performed under the control of control circuitry 
on the lumen traveling device 5008 

END 

F.G. 50 
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500 A system comprising: 

5.02 non-transitory machine readable media for use in a lumen traveling 
device control system 

5 104 
one or more instructions that cause the lumen traveling device 

control system to activate a propelling mechanism on a lumen 
traveling device to propel the humen traveling device through a 
cerebral ventricle of a subject, the cerebral ventricle containing 
cerebrospinal fluid, 

one or more instructions that cause the lumen traveling device 
control system to detect the binding of a disease marker to one or 
more carbon nanotube-field effect transistors functionalized with a 
disease marker binding moiety on a fluid-contacting surface of the 
lumen traveling device; and 

one or more instructions that cause the lumen traveling device 
control system to release the one or more drugs from a reservoir in 
the lumen traveling device in response to detection of the disease 
marker in the cerebroSpinal fluid 

F.G. S1 
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START 

activating a propelling mechanism on the lumen traveling device to propel the 
lumen traveling device within a body tube tree 

determining a time based on a signal from a timing device 

performing at least one action with an active portion of the lumen traveling device 
based at least in part upon the determined time 2206 

detecting an arrival of the lumen traveling device at a branch point in the body tube 
tree with at least one arrival sensor on the lumen traveling device, the branch point 
including at least two branch channels 

causing the propelling mechanism to move the umen traveling device into one of 
the at least two branch channels, 

Storing information regarding at least one of the at least two branch channels 

Sensing a position indicator signal 24 

Sensing a local parameter value with a parameter sensor on the lumen traveling 
device 52 

performing the at least one action with the active portion of the lumen traveling 
device based at least in part upon the determined time and at least in part upon at 
least one of the local parameter value and the position indicator signal 528 

END FIG.S2 
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5300 A system comprising: 

53.02 non-transitory machine readable media for use in a lumen traveling device control 
System 

04 
one or more instructions that cause the lumen traveling device control system 

to activate a propelling mechanism on a lumen traveling device to propel the lumen 
traveling device within a body tube tree: 

one or more instructions that cause the lumen traveling device control system 
to determine a time based on a signal from a timing device; and 

one or more instructions that cause the lumen traveling device control system 
to direct the active portion of the lumen traveling device to perform at least one 
action based at least in part upon the determined time 

one or more instructions that cause the lumen traveling device control system 
to detect an arrival of the humen traveling device at a branch point in the body tube 
tree with at least one arrival sensor on the lumen traveling device. the branch point 
including at least two branch channels; 

one or more instructions that cause the lumen traveling device control system 
to direct the propelling mechanism on the lumen traveling device to move the 
lumen traveling device into one of the at least two branch channels; 

one or more instructions that cause the lumen traveling device control system 
to store information regarding at least one of the at least two branch channels; 

one or more instructions that cause the lumen traveling device control system 
to direct the Sensing of a position indicator signal; 

one or more instructions that cause the lumen traveling device control system 
to direct the sensing of a local parameter value with a parameter sensor on the 
lumen traveling device; and 

one or more instructions that cause the lumen traveling device control system 
to direct the active portion of the lumen traveling device to perform the action 
based at least in part upon at least one of the local parameter value and the position 
indicator signal 

F.G. 53 
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54.00 START 

3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an 
operation performed on-board the lumen traveling device, the unen traveling device 
located within the body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

3410 causing movement of the lumen traveling device through the body tube tree along the 
path of travel 

5412 activating a propelling mechanism on the lumen traveling device to propel the lumen 
traveling device through the body tube tree along the path of travel 

5414 detecting an arrival of the lumen traveling device at a branch point in the body tube 
tree with at least one arrival sensor on the humen traveling device, the branch point including 
at least two branch channels 

546 selecting at least one of the at least two branch channels 

548 activating the propelling mechanism to propel the lumen traveling device into the 
selected branch channel 

5420 storing information regarding at least one of the at least two branch channels 

5422 determining a time based on a signal from a timing device 

5424 sensing a local parameter value with a parameter sensor on the lumen traveling device 

5426 performing an action with the active portion of the lumen traveling device based at 
least in part upon at least one of the local parameter value and the determined time 

END F.G. 54 
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system comprising: 
5502 non-transitory machine readable media for use in a lumen traveling device control 
SVSten 

3304 one or more instructions that cause the lumen traveling device control system to 
obtain a map of at least a portion of a body tube tree including a plurality of branched, 
interconnected channels; 

one or more instructions that cause the lumen traveling device control system to 
determine a current location of a lumen traveling device on the map with an operation 
performed on-board the lumen traveling device, the lumen traveling device located within 
the body tube tree represented by the map: 

one or more instructions that cause the lumen traveling device control system to 
determine a target location for the lumen traveling device within the body tube tree; 

one or more instructions that cause the lumen traveling device control system to plan 
a path of travel for the lumen traveling device, the path of travel leading at least a portion 
of the way between the current location and the target location; and 

one or more instructions that cause the lumen traveling device control system to 
direct at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the himen traveling device to move through the body tube tree 
along the path of travel 

5504 one or more instructions that cause the lumen traveling device control system to 
detect an arrival of the lumen traveling device at a branch point in the body tube tree 
with at least one arrival sensor on the lumen traveling device, the branch point 
including at least two branch channels; 
one or more instructions that cause the lumen traveling device control system to select 

at least one of the at least two branch channels; 
one or more instructions that cause the lumen traveling device control system to 

activate the propelling mechanism to propel the lumen traveling device into the selected 
branch channel; 

one or more instructions that cause the lumen traveling device control system to store 
information regarding at least one of the at least two branch channels; 

one or more instructions that cause the lunen traveling device control System to 
determine a time based on a signal from a timing device: 

one or more instructions that cause the lumen traveling device control system to direct 
the sensing of a local parameter value with a parameter sensor on the lumen traveling 
device; and 

one or more instructions that cause the lumen traveling device control system to direct 
the active portion of the lumen traveling device to perform an action based at least in part 
upon at least one of the local parameter value and the determined time 

F.G. SS 
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S600 
START 

activating a propelling mechanism on the lumen traveling device to propel the lumen traveling 
device within a body tube tree 2202 

determining a time based on a signal from a timing device 

performing at least one action with an active portion of the lumen traveling device based at least 
in part upon the determined time 2206 

determining a current location of a lumen traveling device on a map of at least a portion of a 
body tube tree including a plurality of branched, interconnected channels with an operation 
performed on-board the lumen traveling device, the lumen traveling device located within the 
body tube tree represented by the map 5608 

determining a target location for the lumen traveling device within the body tube tree 560 

planning a path of travel for the lumen traveling device, the path of travel leading at least a 
portion of the way between the current location and the target location 

causing movement of the lumen traveling device through the body tube tree along the path of 
travel 564 

detecting an arrival of the lumen traveling device at a branch point in the body tube tree with at 
least one arrival sensor on the lumen traveling device, the branch point including at least two 
branch channels 566 

selecting one of the at least two branch channels 

directing the lumen traveling device into the selected branch channel 

F.G. 56 
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5700 A system comprising: 

5702 non-transitory machine readable media for use in a lumen traveling device control 
System 

204 
one or more instructions that cause the lumen traveling device control system 

to activate a propelling mechanism on a lumen traveling device to propel the lumen 
traveling device within a body tube tree; 

one or more instructions that cause the lumen traveling device control system 
to determine a time based on a signal from a timing device, and 

one or more instructions that cause the lumen traveling device control System 
to direct the active portion of the lumen traveling device to perform at least one 
action based at least in part upon the determined time 

5704 
one or more instructions that cause the lumen traveling device control system 

to determine a current location of a lumen traveling device on a map of at least a 
portion of a body tube tree including a plurality of branched, interconnected 
channels with an operation performed on-board the lumen traveling device, the 
lumen traveling device located within the body tube tree represented by the map; 

one or more instructions that cause the umen traveling device control system 
to determine a target location for the lumen traveling device within the body tube 
tree 

one or more instructions that cause the lumen traveling device control system 
to plan a path of travel for the lumen traveling device, the path of travel leading at 
least a portion of the way between the current location and the target location; 

one or more instructions that cause the lumen traveling device control system 
to detect an arrival of the lumen traveling device at a branch point in the body tube 
tree with at least one arrival sensor on the lumen traveling device, the branch point 
including at least two branch channels; 

one or more instructions that cause the lumen traveling device control system 
to select one of the at least two branch channels; 

one or more instructions that cause the lumen traveling device control system 
to direct at least one of a steering mechanism on the lumen traveling device and 
the propelling mechanism to cause the lumen traveling device to move into the 
selected branch channel 
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5800 
START 

identifying at least two possible directions of travel of a lumen traveling device through a 
body tube tree, the body tube tree including a plurality of branched, interconnected channels, 
and the at least two possible directions of travel corresponding to at least two of the branched, 
interconnected channels 2802 

receiving data representing at least one parameter value sensed from at least one of the at 
least two possible directions of travel of the lumen traveling device through the body tube 
tree 2804 

selecting a direction of travel from the at least two directions of travel based at least in part 
on the data representing at least one parameter value sensed from at least one of the at least 
two possible directions of travel of the lumen traveling device through the body tube "Sog 

directing at least one of the steering mechanism and the propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in 
the selected direction of travel 2808 

receiving information related to whether or not at least one of at least two possible directions 
of travel of the humen traveling device through the body tube tree has previously been 
traveled by the lumen traveling device 580 

selecting the direction of travel from the at least two possible directions of travel based at 
least in part on the information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has previously 
been traveled by the lumen traveling device. 582 

FG. S8 
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5900 A system comprising: 

5902 non-transitory machine readable media for use in a lumen traveling device 
control system 

2704 
one or more instructions that cause the lumen traveling device control system 

to identify at least two possible directions of travel of a lumen traveling device 
through a body tube tree, the body tube tree including a plurality of branched, 
interconnected channels, and the at least two possible directions of travel 
corresponding to at least two of the branched, interconnected channels; 

one or more instructions that cause the lumen traveling device control system 
to receive data representing at east one parameter value sensed from at least one 
of the at least two possible directions of travel of the lumen traveling device 
through the body tube tree: 

one or more instructions that cause the lumen traveling device control system 
to select a direction of travel from the at least two directions of travel based at 
least in part on the data representing at least one parameter value sensed from at 
least one of the at east two possible directions of travel of the lumen traveling 
device through the body tube tree: and 

one or more instructions that cause the lumen traveling device control system 
to direct at least one of the steering mechanism and the propelling mechanism on 
the lumen traveling device to cause the lumen traveling device to move through 
the body tube tree in the selected direction of travel 

one or more instructions that cause the lumen traveling device control system 
to receive information related to whether or not at least one of at least two 
possible directions of travel of the lumen traveling device through the body tube 
tree has previously been traveled by the lumen traveling device; and 

one or more instructions that cause the lumen traveling device control system 
to select a direction of travci from the at least two possible directions of travel 
based at least in part on the information related to whether or not at least one of at 
least two possible directions of travel of the lumen traveling device through the 
body tube tree has previously been traveled by the lumen traveling device 

FG, 59 
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6000 START 

identifying at least two possible directions of travel of a lumen traveling device through a 
body tube tree, the body tube tree including a plurality of branched, interconnected 
channels, and the at least two possible directions of travel corresponding to at least two of 
the branched, interconnected channels 3002 

receiving data representing a Stored parameter value relating to a previous event 
3004 

Selecting a direction of travel from the at least two directions of travel based at least in part 
on the data representing a stored parameter value relating to a previous event 3006 

directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in 
the selected direction of travel 3008 

receiving information related to whether or not at least one of at least two possible 
directions of travel of the fumen traveling device through the body tube tree has previously 
been traveled by the lumen traveling device 

selecting the direction of travel from the at least two possible directions of travel based at 
least in part on the information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has previously 
been traveled by the lumen traveling device 602 

END F.G. 60 

  



Patent Application Publication Feb. 2, 2017. Sheet 90 of 99 US 2017/0027424 A1 

A System comprising: 

6102 non-transitory machine readable media for use in a lumen traveling device 
control system 

one or more instructions that cause the lumen traveling device control 
system to identify at least two possible directions of travel of a lumen traveling 
device through a body tube tree, the body tube tree including a plurality of 
branched interconnected channels, and the at east two possible directions of 
travel corresponding to at least two of the branched, interconnected channels; 

one or more instructions that cause the lumen traveling device control 
system to receive data representing a stored parameter value relating to a 
previous event associated with at least one of the at east two possible directions 
of travel; 

one or more instructions that cause the lumen traveling device control 
system to select a direction of travel from the at least two directions of travel 
based at east in part on the data representing a stored parameter value relating to 
a previous event associated with at least one of the at least two possible 
directions of travel; and 

one or more instructions that cause the lumen traveling device control 
system to direct at least one of a steering mechanism and a propelling mechanism 
on the lumen traveling device to cause the lumen traveling device to move 
through the body tube tree in the selected direction of travel 

604 
one or more instructions that cause the lumen traveling device control 

system to receive information related to whether or not at least one of at least 
two possible directions of travel of the lumen traveling device through the body 
tube tree has previously been traveled by the lumen traveling device; and 

one or more instructions that cause the lumen traveling device control 
system to select a direction of travel from the at least two possible directions of 
travel based at east in part on the information related to whether or not at least 
one of at least two possible directions of travel of the lumen traveling device 
through the body tube tree has previously been traveled by the lumen traveling 
device 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

6106 computer readable media 608 recordable-type media 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - are r s are r s an as as an as or an as or an ess an as as an as or an as a 

FIG. 6 
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6200 START 

3402 obtaining a map of at least a portion of a body tube tree including a plurality of 
branched, interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an 
operation performed on-board the lumen traveling device, the lumen traveling device located 
within the body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

341 () causing movement of the lumen traveling device through the body tube tree along the 
path of travel 

622 identifying at least two possible directions of travel of a lumen traveling device through 
the body tube tree 

6214 receiving information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has previously 
been traveled by the lumen traveling device 

6216 selecting a direction of travel from the at least two possible directions of travel based at 
least in part on the information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has previously 
been traveled by the lumen traveling device, wherein the selected direction of travel is 
expected to lie along the planned path of travel 

6218 directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in 
the selected direction of travel 

END F.G. 62 
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6300 A system comprising: 

6302 non-transitory machine readable media for use in a lumen traveling device control 
SVStein 

one or more instructions that cause the lumen traveling device control system to 
obtain a map of at least a portion of a body tube tree including a plurality of branched, 
interconnected channels; 

one or more instructions that cause the lumen traveling device control System to 
determine a current location of a humen traveling device on the map with an operation 
performed on-board the humen traveling device, the lumen traveling device located within 
the body tube tree represented by the map; 

one or more instructions that cause the lumen traveling device control system to 
determine a target location for the lumen traveling device within the body tube tree: 

one or more instructions that cause the lumen traveling device control System to plan 
a path of travel for the lumen traveling device, the path of trave leading at least a portion 
of the way between the current location and the target location; and 

one or more instructions that cause the lumen traveling device control system to 
direct at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree 
along the path of travel 3304 

one or more instructions that cause the lumen traveling device control System to 
identify at least two possible directions of travel of a lumen traveling device through a 
body tube trec, the body tube trce including a plurality of branched, interconnected 
channels, and the at least two possible directions of travel corresponding to at least two of 
the branched, interconnected channels; 

one or more instructions that cause the lumen traveling device control System to 
receive information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has 
previously been traveled by the lumen traveling device; 

one or more instructions that cause the lumen traveling device control system to 
Select a direction of travel from the at least two possible directions of travel based at least 
in part on the information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has 
previously been traveled by the lumen traveling device, wherein the selected direction of 
travel is expected to lie along the planned path of travel, and 

one or more instructions that cause the lumen traveling device control system to 
direct at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree 
in the selected direction of travel 

- - - - - - - - - - - - - - - - - - - - - - - - - - - 

3306 computer readable media 630s recordable-type media 
- - - - - - - - - - - - - - - - - - - - - - - - 
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START 

3402 obtaining a map of at least a portion of a body tube tree including a plurality of branched, 
interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an operation 
performed on-board the lumen traveling device. the lumen traveling device located within the 
body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the Eumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

4008 wherein planning the path of travel for the humen traveling device includes planning 
a first path of travel leading between the current location and an intermediate location and 
a planning a second path of travel leading between the intermediate location and the target 
location and wherein causing movement of the lumen traveling device through the body 
tube tree along the path of travel includes causing the umen traveling device to move 
along the first path of travel leading between the current location and an intermediate 
location and causing the lumen traveling device to move along the second path of travel 
leading between the intermediate location and the target location 

340 causing movement of the lumen traveling device through the body tube tree along the 
path of trave 

rea as as as as as as uses is essa as s as as as as as as as as as as as essa as s as as esse as as 

64 2 wherein causing the Eumen traveling device to move along the first path of travel 
travel includes controlling the movement of the lumen traveling device according to a first 
algorithm and causing the lumen traveling device to move along the second path of travel 
includes controlling the movement of the lumen traveling device according to a second 
algorithm, wherein the first algorithm is different than the second algorithm 
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6500 A System comprising: 

(SEE FIG. 39) 

(SEE FIG. 39) 

wherein the one or more instructions that cause the lumen traveling device 
control system determine the first path of travel include: 

one or more instructions that cause the unen traveling device control system 
to identify at least two possible directions of travel of the lumen traveling device 
through the body tube tree: 

one or more instructions that cause the lumen traveling device control system 
to receive information related to whether or not at least one of at least two 
possible directions of travel of the lumen traveling device through the body tube 
tree has previously been traveled by the lumen traveling device; and 

one or more instructions that cause the lumen traveling device control system 
to select a direction of travel from the at least two possible directions of travel 
based at least in part on the information related to whether or not at least one of at 
least two possible directions of travel of the lumen traveling device through the 
body tube tree has previously been traveled by the lumen traveling device. 
wherein the selected direction of travel is along the first path 
6504 

F.G. 65 
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co-N START 

3402 obtaining a map of at least a portion of a body tube tree including a plurality of branched, 
interconnected channels 

3404 determining a current location of a lumen traveling device on the map with an operation 
performed on-board the lumen traveling device, the lumen traveling device located within the 
body tube tree represented by the map 

3406 determining a target location for the lumen traveling device within the body tube tree 

3408 planning a path of travel for the lumen traveling device, the planned path of travel 
leading at least a portion of the way between the current location and the target location 

340 causing movement of the umen traveling device through the body tube tree along the 
path of travel 

6612 identifying at least two possible directions of travel of a lumen traveling device through 
a body tube tree 

664 receiving information related to whether or not at least one of at least two possible 
directions of travel of the lumen traveling device through the body tube tree has previously 
been traveled by the lumen traveling device 

6616 receiving data representing at least one parameter value sensed from at least one of the at 
least two possible directions of travel of the lumen traveling device through the body tube tree 

66 18 selecting a direction of travel from the at least two possible directions of travel based at 
east in part on the data representing at least one parameter value and at least in part on the 
information related to whether or not at least one of at least two possible directions of travel of 
the lumen traveling device through the body tube tree has previously been traveled by the 
Eumen traveling device 

6620 directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in the 
selected direction of travel 
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700 A System comprising: 

6702 non-transitory machine readable media for use in a lumen traveling device control system 

3304 one or more instructions that cause the lumen traveling device control system to 
obtain a map of at least a portion of a body tube tree including a plurality of branched, 
interconnected channels; 

one or more instructions that cause the lumen traveling device control system to 
determine a current location of a lumen traveling device on the map with an operation 
performed on-board the lumen traveling device, the lumen traveling device located within 
the body tube tree represented by the map: 

one or more instructions that cause the lumen traveling device control system to 
determine a target location for the humen traveling device within the body tube tree; 

one or more instructions that cause the lumen traveling device control system to plan a 
path of travel for the lumen traveling device, the path of travel leading at least a portion of 
the way between the current location and the target location, and 

one or more instructions that cause the lumen traveling device control System to direct 
at east one of a steering mechanism and a propelling mechanism on the lumen traveling 
device to cause the lumen traveling device to move through the body tube tree along the 
path of travel 

6704 one or more instructions that cause the umen traveling device control system to 
identify at least two possible directions of travel of a lumen traveling device through a body 
tube tree; 

one or more instructions that cause the umen traveling device control system to receive 
information related to whether or not at least one of at least two possible directions of travel 
of the lumen traveling device through the body tube tree has previously been traveled by the 
umen traveling device, 

one or more instructions that cause the umen traveling device control system to receive 
data representing at east one parameter value sensed from at least one of the at least two 
possible directions of travel of the lumen traveling device through the body tube tree: 

one or more instructions that cause the lumen traveling device control system to select a 
direction of travel from the at least two possible directions of travel based at least in part on 
the data representing at least one parameter value and at least in part on the information 
related to whether or not at least one of at least two possible directions of travel of the 
lumen traveling device through the body tube tree has previously been traveled by the 
umen traveling device, and 

one or more instructions that cause the humen traveling device control system to direct 
at least one of the steering mechanism and the propelling mechanism on the lumen traveling 
device to cause the lumen traveling device to move through the body tube tree in the 
Selected direction of travel 

6706 computer readable media 
a s as sers s as as a as as s is us as as a as as sers s as as a s as sers s t 

F.G. 67 
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6800 A system comprising: 

68.02 non-transitory machine readable media for use in a lumen traveling device control 
system 

(SEE FIG. 39) 

(SEE FIG. 39) 

one or more instructions that cause the lumen traveling device control system to 
identify at least two possible directions of travel of a lumen traveling device through the 
body tube tree; 

one or more instructions that cause the unnen traveling device control system to 
receive information related to whether or not at least one of at least two possible directions 
of travel of the umen traveling device through the body tube tree has previously been 
traveled by the lumen traveling device; 

one or more instructions that cause the lumen traveling device control system to 
receive data representing at least one parameter value sensed from at least one of the at 
|east two possible directions of travel of the lumen traveling device through the body tube 
tree; 

one or more instructions that cause the lumen traveling device control system to select 
a direction of travel from the at least two possible directions of travel based at least in part 
on the data and at least in part on the information related to whether or not at least one of 
at least two possible directions of travel of the lumen traveling device through the body 
tube tree has previously been traveled by the lumen traveling device, and 

one or more instructions that cause the lumen traveling device control system to direct 
at least one of a steering mechanism and a propelling mechanism on the lumen traveling 
device to cause the lumen traveling device to move through the body tube tree in the 
selected direction of travel 
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6900 N 

START 

receiving data including at least one target parameter value representing a target location 
toward which the humen traveling device is to travel through a body tube tree including a 
plurality of branched, interconnected channels, the target location being located within the 
body tube tree 3202 

sensing at least one parameter value representative of a current location of the humen 
traveling device 3204 

determining whether the current location of the lumen traveling device is the target location 
32O6 

directing an active portion of the lumen traveling device to perform an action if the current 
location is the target location 3208 

directing at least one of a steering mechanism and a propelling mechanism on the lumen 
traveling device to cause the lumen traveling device to move through the body tube tree in a 
selected direction of travel if the current location is not the target location 320 

determining the current location of the lumen traveling device on a map of at least a portion 
of a body tube tree, the lumen traveling device located within the body tube tree 692 
represented by the map, 

planning a path of travel for the lumen traveling device, the path of travel leading at least a 
portion of the way between the current location and the target location, wherein directing at 
least one of a steering mechanism and a propelling mechanism on the lumen traveling 
device to cause the lumen traveling device to move through the body tube tree in a selected 
direction of travel if the current location is not the target location along the planned path of 
travel. 694 

END 

F.G. 69 

  
































































































































