= ? Williamson County Purchasing Department

‘ / 901 South Austin Avenue
i Georgetown, Texas 78626
4 (512) 943-3553
WILLIAMSON www.wilco.org/purchasing
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purchase@wilco.org

Sole Source Justification Request

Definition of a Sole Source Purchase
Sole Source Item — goods and/or services which can only be obtained from ONLY ONE source,
including:

« Items for which competition is precluded because of the existence of patents, copyrights,
secret processes, or monopolies

+ Films, manuscripts, or books

» Electric power, gas, water, and other utility services,

+ Captive replacement parts or components for equipment which there is no commercially
available substitute, and which can be obtained only from the manufacturer and/or
manufacturer’s distributor; item where compatibility is the overriding consideration, such
as computer operating software enhancements for an existing system, continuation of an
existing contract when work is so closely related to that of the uncompleted basic contract
that it would not be feasible to considqr another potential contractor.

This Sole Source justification requires additional documentation and requirements as listed below. One
of these steps may require placing a public noti¢ce in BidSync for 14 days, in order to allow any
possible competitors to come forward with equivalent goods or services. This step will be
completed by the Purchasing Team that supports your office or county department after all required
documents have been submitted. In addition, all Sole Source Justifications must be approved in
Commissioners Court.

Required Documentation that must accompany this request before this purchase can be
considered (any missing documentation will result in delays). Check all included documents:
This request form completed and signed |
A written quote from the supplier, listing the goods, services and pricing
Letter of justification from the supplier (on company letterhead and signed by an
authorized representative) establishing why they are a the only Sole Source provider of
the service or item needed.
Notarized Sole Source affidavit completed by the supplier
Signed letter of recommendation from the| Elected Official or County Department Head.
Must provide a detailed written explanation as to why competitively bidding the product
or service would be impracticable and that the cost charged by the supplier is
reasonable and customary.



Requestor Name and County Office/Department:

Requestor Title and Phone Number: Chief Deputy Tim Ryle

(512) 943-1300

Requested Single Sole Source Supplier:

Company Name:
Contact Name:
Address:

City, State, Zip:
Phone Number:
Email:

Website:

Transcend Tactical

Phillip Walker

2600 Newport Blvd., Suite #1 0§

Newport Beach , CA 92663

(765 ) 480-1619

phil@transcendrobotics or jbui@transcendtactical.com

transcendtactical.com

Is the recommended supplier the manufacturer? Yes? No?

Does the manufacturer sell the item(s) through distributors? Yes?

Description of the Product or Service: (If additional space is needed, include in a separate page)
Describe the full scope of work, including installation if required; items should include brand, model and
part number if applicable.

Vantage F3 Robot, Controller Unit, Controller &Accessory Transport Case, Robot Battery (3), Small Battery (4), Chargers (3), Backpack

Booster & High Gain Antenna, Mavic 2 Pro Drone, None Lethal Deploymnet System for CTS 52 Series hot gas canisters, Controller

Battery, Shipping

Schedule: Identify the date items are needed to be delivered, or month work is to be performed.

Please be specific and do not use “ASAP”. March 31, 2020

Estimated Cost: $ 30450




SOLE SOURC

Complete the following checklist:

The requested supplier is the only source of required item(s) or service(s) because:

Check all that apply:
The required item or service is proprietary to
The recommended supplier holds the patent

E RATIONALE

the supplier
on the requested item(s)

The recommended supplier is the only supplier capable of performing the requested service

[] A specific item is needed:

[] To be compatible or interchangeable with existing hardware

[1 Asa spare or replacement hardware

[] For the repair or modification of existing hardware

"] For technical evaluation or testing

Have there l:lieen any prior attempts to ob

or services that failed? If so, please list an
Robots for a robot that is comparable but unable to perfq

ain competitive bids or proposals for |the items

describe such attempts: Bids were procured from ICore
rm at the same level and at a much higher cost-$108,000

[] There is a substantial risk in selecting an
describe: N/A,

pther product or service provider. If so, please

It is not possible to obtain competitive bid

This Company holds two separate patents on stair climbing technology that cannoct be matched or found on any

s for consideration. if so, why:

other robot.

[ Are there any other companies who can
please list and provide explanation of why they were unable to meet the requirements:

N/A

provide the services or needed items? If so,




List any other sources, suppliers, products or service providers that you reviewed in your
selection process: |Core Robots

List all research methods that you reviewed in your selection process (i.e.: specific

internet searches, trade publications, references, etc.): !nternet Search, Live Demonstrations by
multiple companies

ACKNOWLEDGEMENT

| affirm and acknowledge Williamson County’s requirements, justification and criteria for Sole
Source purchases. | have gathered the required technical information, provided all required
documentation, have made a concerted effort to review comparable / equal equipment or
services to the best of my ability, and further affirm that there is no conflict of interest in my
recommendation of the selected item(s), service(s) or supplier.

| also acknowledge and understand that | may be subject to criminal prosecution for the willful
falsification of information in this document. |, by the act of signing or typing my name below,
hereby certify under penalty of perjury, under the laws of the State of Texas, the foregoing is
true and correct. |

Date: A / [ A , 202 e

Signature™: L ""4 ——

* By typing your name, this is equivalent to a legal signature

NOTE: After a passage of time, an item or service may no longer qualify as a sole
source purchase due to other similar items or services becoming available from
other suppliers. Thus, all prior sole source determinations must be reapproved
by the Williamson County Purchasing Department following completion of a new
Sole Source Justification Request Process and satisfactory completion of such
process must be noted on requisitions and purchase orders. The sole source term
is generally aligned with the contract term. In certain cases, the Purchasing Agent
may determine that the 14-day public po#ting in BidSync is not necessary. This
depends on the circumstance of the particular item/service and the type of sole
source.



TRH NSCEN D Quote Number 20414

Quote Date Apr 15,2020

TACTICARARHL Valid Until May 8, 2020

Total $30,450.00

|
Bill To: TRANSCEND TACTICAL
Williamson Sheriff TX DUNS NO. 079986561 Wiring Information:

508 S Rock St FEIN: 47-2138026 Routing #: 054001204
Georgetown, TX 78626 Payable To: Transcend Robotics Inc. Account #: 002260178741
. 100% DUE NET-30 DAYS FROM DELIVERY Bank: Bank of America

Ship To:
Same as billing Send Physical Check To:

Transcend Robotics Inc.

Attn: Transcend Robotics Accounts
Receivables

2600 Newport Blvd. Ste #106
Newport Beach, CA 92663

S I T

VANTAGE - VANTAGE F3 Robot x 1 $25,000.00 $25,000.00
Fully Loaded - Controller Unit x 1

- Controller & Accessory Transport Case x 1

- Robot Battery x 3

- Small Battery x 4

- Chargers x 3

- Backpack x 1

- Booster & High Gain Antenna x 1

Chemical - None Lethal Deployment System for CTS's 52 $4,950.00 1 $4,950.00
Delivery series hot gas canisters x 1
System - Controller x 1
- Battery x 1
Shipping F.0.B Destination: Williamson Sheriff TX $500.00 1 $500.00
Subtotal $30,450.00

Balance Due $30,450.00

Transcend Tactical Transcend Tactical
transcendtactical.com transcendtactical.com

sales@transcendtactical.com sales@transcendtactical.co

765-480-1619 765-480-1619




TRH NSEEN D Quote Number 20414

Quote Date Apr 15,2020

TACTICARARHL Valid Until May 8, 2020

Total $30,450.00

Returns & Warranty

* Transcend Robotics, Inc. will accept returns of items purchased with an approved Return
Merchandize Authorization within 14 days from the date of receipt of the robot, provided the item is
returned in the same condition it was received. A full refund will be credited to the customer. The
customer is responsible for all shipping charges to return products and will ensure the shipment is
fully insured in case of damage during shipment. All remaining payments are due net 30 days from
date of delivery. All custom orders are final and will not be subject to this return policy. There's a 2%
of total invoice value fee for invoices that are late. An additional 1% fee of the total invoice value will
be added for each 30-days the payment is late.

* All sales are final on custom orders and inventory liquidations.

* Please reference Transcend's Warranty and Customer Agreement for a detailed description of
Transcend's Warranty.

* Most orders ship net 60 days from purchase unless expedited for a fee.
* Warranties and repairs are coordinated by Transcend and owned/serviced by AndyMark, Inc.

* Disclaimer: Please reference Transcend's Warranty and Customer Agreement for a description of
Transcend's limitations of liabilities.

Transcend Tactical Transcend Tactical
transcendtactical.com transcendtactical.com

sales@transcendtactical.com sales@transcendtactical.co

765-480-1619 765-480-1619
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TRANSCEND 765-480-1619 ‘

TRACTICRAL info@transcendtactical.com

To the Whom It May Concern,

This letter is to confirm that the VANTAGE robot is a patented/sole source product from Transcend Robotics, Inc.
The Chemical Delivery System technology is only manufactured by Transcend Robotics Inc.

The robot is based on Transcend’s mobile technology by tﬁe name of “Mobile reconnaissance apparatus with
articulating traction control” as described in Transcend’s U.S. patents numbered US8434576 and US8893832. This
technology is a key requirement among others as listed below.

Key Critical Requirements:

1)

2)
3)
4)
5)

Automatically climb stairs without the need to “pre-position” flippers during, while and before ending a
stair climb in accordance with patents:

a. Patent #1: US8434576

b. Patent #2: US8893832 ‘
Deploy two pyrotechnic gas grenades individually or at the same time with a single switch pull cord
Able to transport payloads easily without any "spgcia[ modes” to transport a 25 |b. payload
Ability to haul 250+ Ibs.
Able to go 2,500 feet line of sight

No other entities sell the VANTAGE robot or the Chemical Delivery System.

Sincerely,

G \

Phillip Walker
August 1, 2019

U

(O) 765-480-1619 | sales@transcendrobotics.com || 6050 Lowell Street, #260 Oakland, CA 94608
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OTHER PUBLICATIONS

IRobot, “iRobot 510 PackBot®, hitp:/fwww.irobot.com/gi/
filelibrary/pdfs/robots/iRobot_510_PackBot_2011.pdf, 8 pages
(website accessed Aug,. 14, 2012).

Nima Enayatj et al., “Design and Manufacturing of a Tele-operative
Rescue Robot With a Novel Track Arrangement”, Industrial Robot:
An Intemnational Joumal, vol. 38, Issue 5, 2011, Emerald Group
Publishing Limited, pp. 475-485.

UCSD Flow Control & Coordinated Robotics Lab, “iHop: a dynamic
multimodal hopping robot”, http:/robotics.ucsd.edw/iHop.html, 2
pages (website accessed Aug. 14, 2012).

Hens-Stefan Gutmann et al., “Stair Climbing for Humanoid Robots
Using Stereo Vision”, Proceedmgs of the IEEE/RSJ Intemanonal
Conference on Intelligent Robots and Systems, Sep. 28-Oct. 2, 2004,
Sandai, Japan, pp. 1407-1413.
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MOBILE REjCONNAISSAN CE APPARATUS
WITH ARTICULATING TRACTION
CONTROL

, BACKGROUND

The uses of known automated mobile devices range from
domestic apphcat]ons such as vacuuming a carpet, to military
and law enforcement applications such as surveillance and
reconnaissance activities, to extraterrestrial space explora-
tion. Known mobile devices may operate with remote control
and wireless communications which provide instructions as
to direction, speed, other operating commands, or any com-
bination thereof, |

“‘While known mobile devices may include the ability to
operate over vanous types of terrain, the ability to navigate
over obstacles is limited by the known means of locomotion.
Accordingly, the uses of these mobile devices for domestic
and law enforcement applications, for example, are also lim-
ited by their inability to access areas which include difficult
térrain and/or obstacles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG: 1 illustrates;an example of a mobile apparatus con-
figured with three afticnlating sections.

FIG. 2 1]]ustrates an example connector located between
two articulating secuons of the mobile apparatus of FIG. 1.

FIGS.3A-3H plctonally illustrate the mobile apparatus of
FIG. 1 traversing a flight of stairs.

FIG. 4 illustrates the mobile apparatus of F1G. 1 articulated
in.a first conﬁguranon

FIG. 4A illustrates a conceptual view of the first configu-
ration of FIG. 4

FIG. 5 illustrates the mobile apparatus of FIG. 1 articulated
in a second configuration.

FIG. 5A. illustrates a conceptual view of the second con-
figuration of FIG. 5.

FIG. 6 illustrates 2 mobile apparatus configured with two
articulating secuons

FIG. 7 illustrates a mobile apparatus configured to operate
within a confined space,

FIG. 8 illustrates 4 mobile apparatus configured with three
articulating sections)comprising wheels.

DETAILED DESCRIPTION

A mobile device with fixed wheels and/or a single track
provides for a rehablle mode of transportation over an even
surface, but may provide relatively inflexible solutions when
attempting: to chmb over an obstacle or traverse a sunken
grade. For example, the front of the mobile device may bull-
doze into the obstacle or fall into the sunken grade, and thus
inhibit a forward progress of the mobile device. When the
front end of the mobile device is raised onto an object or
lowered into the sunken grade, most of the points of contact of
the wheels and/or track may lose contact with the ground
which further unpedes an ability of the mobile device to gain
traction.

One such obstacle which mobile devices may have a diffi-
cult time to navigate includes stairs, which are often found in
multi-level homes and office buildings. Domestic robots or
remote surveillance vehlcles may be confined to operating on
a single level of a bmldmg due to an inability to traverse the
stairway. Stairs which include an overhang, such as a “bull-
nose” design, may resultina catch point for the mobile device
as it attempts to travelrse the stair face,
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In addition to the difficulties inherent with climbing a
stairway, descending a stairway may subject the mobile
device to intermittent changes in elevation, or falls, as [the
mobile device transitions from one stair to a lower stair. This
can result in the mobile device tumbling end over end u.ntll it
reaches the bottom of the stairway. Some conventlona]
mobile devices include mechanisms for “righting” them-
selves, or turning over after having fallen down.

FIG. 1 illustrates an example of a mobile apparatus. 100
configured with three articulating sections, including a ﬁrst
articulating section 10, a second articulating section 20, and a
third a.rnculatmg section 30. The first articulating sectlon 10
may comprise a leading traction control assembly 15 havmg
a leading contact surface 13 inclined at a forward angle 15A
with respect to ground 300. In some examples, the forward
angle may be between 55 and 75 degrees, although, other
angles may be used depending on the size and geometry of the
stairs or other types of obstacles that are being traversed. The
leading traction control assembly 15 may comprise one or
more gears and/or wheels, such as an upper wheel 12, a first
wheel 14, a second wheel 16, or any combination thereof;. In
some examples, the leading traction control assembly 15 may
comprise one or more tracks, such as a first track 11 and/or an
opposite-side first track 19.

The second articulating section 20 may comprise an mter-
medijate traction control assembly 25, The intermediate trac-
tion control assembly 25 may comprise one or more gears
and/or wheels, such as a first wheel 22, a second wheel 24, or
any combination thereof. In some examples, the intermedj’ate
traction control assembly 25 may comprise one or more
tracks, such as a second track 21 and/or an opposite-side
second track 29.

Similarly, the third articulating section 30 may comprise a
trailing traction control assembly 35. The trailing traction
control assembly 35 may comprise one or more gears and/or
wheels, such as a first wheel 32, a second whee] 34, or any
combination thereof. In some exa.mples, the trailing trachon
control assembly 35 may comprise one or more tracks, such
as a third track 31 and/or an opposite-side third track 39. The
tracks associated with the articulating sections may be con-
figured with different types of traction surfaces, depending on
what type of terrain they are being used for. For example a
rubber and/or textured compound with a high coefficient of
friction may be used for relatively smooth terrains, such as
marble or concrete, and a smoother track surface may be used
for traversing carpet.

The mobile apparatus 100 may comprise a first connector
50 operatively coupling the first articulating section 10 to the

second articulating section 20, The first articulating sectlon
10 may be configured to articulate relative to the second
iculating section 20 in response to one or more pomts{of
ontact of the leading contact surface 13 coming into contjet
ith an obstacle. The forward angle 15A associated with the
ne or more points of contact may vary according to the
iculation of the first articulating section 10.
In some examples, the second articulating section 20 may
iculate relative to the first articulating section 10, The first
onnector 50 may comprise a lefi connector operatively cou-
ling a left side of the first articulating section 10 toa left s1de
f the second articulating section 20, and a right connector
peratively coupling a right side of the first articulating sec-
jon 10 to a right side of the second articulating section 20.
Additionally, mobile apparatus 100 may comprise a sec-
nd connector 55 operatively coupling the third articulating
ection 30 to the second articulating section 20. The third
rticulating section 30 may be configured to articulate relauve
the second articulating section 20. In some examples, t[he
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second articulatingisection 20 may articulate relative to the
third articulating 30. The second connector 55 may comprise
a left connector operatively coupling a left side of the second
articulating section 20 to a left side of the third articulating
section 30, and a right connector operatively coupling a right
side ofthe second articulating section 20 to a right side of the
third articulating section 30.

A propulsion system may be configured to coordinate
movement of the leading traction control assembly 15, the
intermediate traction control assembly 25, the trailing trac-
tion control assembly 35, or any combination thereof. For
example, the propulsion system may include a leading pro-
pulsion device 42, an intermediate propulsion device 44, a
trailing propulsion device 46, or any combination thereof.
The propulsion system may include means for providing a
tractive effort of the mobile apparatus 100.

In some examples, one or more of the propulsion devices
42, 44, 46 may comprise one or more motors. For example,
leading propulsion device 42 may comprise a right motor and
a left motor corresponding to the first track 11 and the oppo-
site-side first track 19, respectively. Intermediate propulsion
device 44 may comprise a right motor and a left motor cor-
responding to the second track 11 and the opposite-side sec-
ond track 29, respectively. Similarly, trailing propulsion
device 46 may comprise a right motor and a left motor cor-
responding, to the third track 31 and the opposite-side third
track 39, respectively. Each section 10, 20, 30 may be inde-
pendently controlled by one or two motors. In some
examples, there may be a total of six motors which allow for
variable power and enhanced maneuverability of the mobile
apparatus 100. '

FIG. 2 illustrates' an example of the first connector 50
located between two articulating sections of the mobile appa-
ratus 100 of FIG. 1. For example, the first connector 50 may
operatively couple the first articulating section 10 to the sec-
ond articulating section 20. The first connector 50 may com-
prise a first connecting member 252, which connects to the
first articulating section 10 at a first pivot point 262, and a
second connecting member 254, which connects to the sec-
ond articulating section 20 at a second pivot point 264. The
first articulating section 10 may be configured to articulate
about the first pivot point 262. Additionally, the second articu-
lating section 20 may be configured to articulate about the
second pivot point 264,

The first connecting member 252 may be connected to the
second connecting member 254 at a central connection 280.
Central connection 280 may be located on a connection plate
270. In some examples, the first connecting member 252 may
be rigidly connected to the second connecting member 254
viathe central connection 280, to form an angle of connection
250. The angle of connection 250 may be approximately
perpendicular and be configured to matntain a spaced-apart
relationship between the first articulating section 10 and the
second articulating section 20. Additionally, the angle of con-
nection 250 provides for an elevated clearance area below the
connection 280 and between the sections 10, 20 to avoid the
first connector 50 from coming into contact w1th an obstacle,
such as a stair.

The first connector 50 may be configured to allow the first
articulating section 10 to articulate relative to the second
articulating section 20, for example, in response to one or
more of the multiple pomts of contact of the leading contact
surface 13 (FIG. 1) coming into contact with an obstacle. The
first connector 50 may provide for a flexibility in movement
of the mobile apparatus 100, and may provide for a variability
in articulation angle between the first articulating section 10
and the second articulating section 20.
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The articulation of one or both of the first articulating
section 10 and the second articulating section 20 may be
controlled or moderated by one or more shock absorbers,
such as a first shock absorber 215 and a second shock
absorber 225. The first shock absorber 215 and/or the second
shock absorber 225 may be configured to control the angle of
articulation between the sections 10, 20, to apply pressure to
a fraction control assembly to ensure proper rotation, friction,
and/or pressure points, and to absorb shock and provide fora
smooth transition between obstacles, such as when the mobile
apparatus 100 (FIG. 1) navigates a series of stairs. This may
help stabilize the mobile apparatus 100 as it descends the
stairs, such that the speed of descent may be controlled and/or
moderated during the transition from one stair to a lower stair.
Additionally, one or both of the first and second shock absorb-
ers 215, 225 may be configured to both dampen shock and to
maintain a tractive effort of the leading traction conirol
assembly 15 (FIG. 1) in a sunken grade by exerting a spring
force in the downward direction.

The first shock absorber 215 may comprise a first damping
device 213 and a first bias element 217. The first damping
device 213 may comprise a pneumatic or hydraulic cylinder,
for example, configured to absorb or moderate shock. The
first shock absorber 215 may be connected at a first end by a
first connection point 229 of the first articulating section 10,
and at a second end by a joint connection 240. The joint
connection 240 may be located on the connection plate 270,
The first bias element 217 may comprise a spring or some
other component configured to exert a compression force ora
spring force. In some examples, the first damping device 213
may be configured to absorb or moderate shock during a

dynamic movement of cne or both of the first articulating
section 10 and the second articulating section 20. The first
bias element 217 may be configured to exert the sprmg force
during either the dynamic movement of asection, orin a static
and/or passive condition.

The first bias element 217 may be configured to exert a
continuous spring force. In some examples, the continuous
pring force may vary as a function of the compressed state of
e first bias element 217, with a higher spring force associ-
ted with a fully compressed state (e.g., with one or both
ections 10, 20 articulated upward, in a first direction jof
iculation), and a lower spring force associated with a more
laxed state (e.g., with one or both sections 10, 20 articulated
ownward, in a second direction of articulation, opposite the
t direction). The compression force may continuously
in the dynamic condition, for example, based on the
ount of compression of the first bias element 217 due to the
articulation of the first articulating section 160. w
The second shock absorber 225 may be coupled between
the second articulating section 20 and the first connector 50
[he second shock absorber 225 may be configured sm:nIarIy
is the first second shock absorber 215. For example, the
second shock absorber 225 may comprise a second dampmg
levice 223 and a second bias element 227, The second bias
element 227 may compris¢ a spring configured to exert a
¢ontinucus sprmg force during either the dynamic movement
T'a section, or in a static and/or passive aperating condition.

e second shock absorber 225 may be connected at a first
nd by a second connection point 230 of the second artici-
ting section 20, and at a second end by the joint connecuon
40.
One or both of the bias elements 217, 227 may be config-

d to exert a compression force against the first articulating
ection 10 and/or the second articulating section 20. For
xample, the first bias element 217 may be coupled between

e first articulating section 10 and the first connector 50 to
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exert a first compression force which is opposite in direction
to the articulation of the first articulating section 10. In a
dynamic mode of operation, both the first bias element 217
and the first shock absorber 213 may be configured to provide
an opposing force to the articulation of the first articulating
section 10.

The second articulating section 20 may be configured to
articulate relative to the first articulating section 10. The
second bias element 227 may be configured to exert a second
compression force which is opposite in direction to the articu-
lation of the second articulating section 20. In some
examples, the first bias element 217 and/or the second bias
element 227 may be configured to exert a compression force
or spring force in the same direction as the articulation of the
first articulating section 10 and/or the second articulating
section 20. The compression force may operate to increase or
decrease an angle of articulation of the first and/or second
articulating sections 10, 20, depending on the direction of
articulation, while the m0b1le device is traversing an obstacle.
Additionally, by controllmg the angle of articulation, the
compression force may operate to maximize the friction force
and/or points of contact between a traction device and the
obstacle being traversed.

The articulation of the first articulating section 10 may
increase a spring force associated with the first bias element
217 as the first shock absorber 215 is compressed. The spring
force may be transferred from the first shock absorber 215 to
the second shock absorber 225. The transferred spring force
may cause the second shock absorber 225 to compress which
may in turn cause a second spring force associated with the
second bias element 227 to increase. The second spring force
may be exerted on the second articulating section 20.

The first bias element 217 may be coupled to the first
art:cu]atmg section 10 at a first point, such as first connection
point 220, the second bias element 227 may be coupled to the
second articulating section 20 at a second point, such as
second connection point 230, and both the first bias element
217 and second bias element 227 may be aftached to the
connector ata central point, such as joint connection 240. The
first, central, and second points may be configured to form a
bias angle 275. In some example, the bias angle 275 may be
formed as an obtuse angle.

The bias angle 275 may vary during an articulation of the
first articulating section 10 and/or the second articulating
section 20. The bias angle 275 may vary from a minimum bias
angle to a maximum bias angle. In some examples, a front
portion of the second articulating section 20 may be config-
ured to raise in response to the bias angle 275 reaching the
maximum bias angle. At the maximum bias angle, the first
hydraulic shock absorber 215 and/or the second hydraulic
shock absorber 225 may be fully compressed.

In some examples, the second connector 55 (FIG. 1) may
be configured similarly as the first connector 50 illustrated
with reference to FIG. 2. For example, a bias assembly asso-
ciated with the second connector may be configured to exert
a compressive force which is opposite in direction to the
articulation of the third articulating section 30 relative to the
second articulating section 20. The bias assembly may com-
prise a third bias element coupled between the third articu-
lating section 30 and the second connector 55, and a fourth
bias element may be coupled between the second articulating
section 20 and the second connector 55.

The third bias element may be configured to exert a com-
pression force which is opposite in direction to the articula-
tion of the third articulating section 30 relative to the second
articulating section 20. The fourth bias element may be con-
figured to exert a compression force which is opposite in
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direction to the articulation of the second amculatmg sectlon
20 relative to the third articulating section 30. In some
examples, the third bias element and/or the fourth bias ele-
ment may be configured to exert a compression forcq or
spring force in the same direction as the articulation of the
third articulating section 30 and/or the second articulating
section 20. The third bias element and the fourth bias element
associated with second connector 55 may be arranged
together to form a second bias angle, similar to the bias arigle
275 of FIG. 2.
FIGS. 3A-3H pictorially illustrate the mobile apparatus
100 of FIG. 1 traversing a flight of stairs, including a first stair
310. With reference to FIG. 3A, the mobile apparatus 100
begins with all three sections 10, 20, 30 located on the ground
300. Additionally, sections 10, 20, 30 may all be positioned at
an approximately parallel angle 300A to the ground 300. The
paralle] angle 300A may intersect one or more of wheels 14,
16, 22, 24, 32, and 34.

In some examples, a lower portion of the first articulating
section 10, comprising the first wheel 14 and the second

|wheel 16, and a lower portion of the second articulating

section 20, comprising the first wheel 22 and the second
wheel 24, may be arranged in a substantially paralle] position
when the mobile apparatus 100 travels over a relatively flat
surface, such as the ground 300,

The first articulating section 10 may comprise an inclined
approach angle 10B and be associated with a height 301. The
|inclined approach angle 10B may comprise an angle that is
formed through the centerpoints of the upper wheel 12 and the
first wheel 14 of the first traction control 10. In another
example, the inclined approach angle 10B may conespond to
an angle of a track located on the leading contact surface of
the first articulating section, such as the forward angle 15A of
the leading traction contro] assembly 15 (FIG. 1). |
The height 301 of the first articulating section 10 may be
equal to or greater than a stair height 302 associated with the
first stair 310. By having at least a portion of the first articu-
lating section 10 located above the stair height 302, the corner
of the stair, shown as having a “bull-nose™ design, can be
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easily navigated. The combination of the inclined approach

ocated between the upper wheel 12 and the first wheel 14, for
versing the first stair 310. !
FIG. 3B illustrates the mobile apparatus 100 0of FIG. 1 with
e second traction control 20 remaining substzantially paral-
el to the ground 300 when the front end of the first articulat-
g section 10, including the upper wheel 12 and the first
heel 14, raises off the ground 300. As the first articulating
ection 10 climbs up a face 312 of the stair 310, the inclined
pproach angle 10B may increase until it reaches vertical.|In
ome examples, a maximum upward articulation angle of the
t articulating section 10 may be associated with the
clined approach angle 10B located in the vertical posmon
The inclined approach angle 10B may be allowed Ito
crease due, at least in part, to the articulation of the first
iculating section 10 relative to the second articulating sec-
ion 20. The second and third articulating sections 20, 30 may
main substantially paralle]l to each other, at the parallel
1gle 300A, as the front end of the first articulating section 10

the second wheel 16 of the first articulating section 10,
ay be considered positive in this position. i

The articulating sections 10,20, 30 of the mobile apparatus
00 may be positioned such that at any given moment, mul-
iple points of contact are being made while moving, climb-
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ing, or descending stairs and/or other obstacles. For example,
as the first articulating section 10 climbs the stair 310, the
mobile apparatus 100 may be configured to maintain a trac-
tive effort on the ground at contact points 316, 318, 322, and
324 associated with the second and third articulating secticns
20, 30, respectively.

FIG. 3C illustrates a further articulation of the first articu-
lating section 10 ina downward direction, as a front end of the
second articulating section 20, including first wheel 22, lifts
offthe ground 300. Wherws theinclined approach angle 10A
may be considered positive with reference to FIG. 3B as the
mobile apparatus 100 initially climbs the face 312 of the stair
310, the inclined approach angle 10A may be considered
negative as one or more contact points of the leading contact
surface of the first articulating section 10 transition from the
face 312 to a top surface 314 of the first stair 310.

A maximum downward articulation angle 10C may be
associated with the negative angle of incline of the inclined
approach angle 10A! In some examples, the maximum down-
ward articulation angle 10C may pass through the center
points of the upper wheel 12 and the second wheel 16 of the
first articulating section 10, and be approximately parallel
with an intermediate section approach angle 20A passing
through the center points of the first wheel 22 and the second
wheel 24 of the second articulating section 20, In some
examples, the maximum downward articulation angle 10C
may be greater than the intermediate section approach angle
20A. The nepative angle of incline of the inclined approach
angle 10A may allow the leading contact surface of the first
articulating section 10 to increase theamount of tractive effort
on the top surface 314 of the first stair 310,

FIG. 3D illustrates a further articulation of the first articu-
lating section 10 in an upward direction, as the first wheel 14
ofthe first articulating section 10 traverses the top surface 314
of the first stair 310. In this position, the leading edge
approach angle 10A may be neatly parallel with the interme-
diate section approach angle 20A. Although the first wheel 22
of the second articulating section 20 may be raised off the
ground 300, the second articulating section 20 may remain in
contact with the ground 300 at contact point 318 due to the
articulation between the second and third articulating sec-
tions 20, 30. Addmonally, the third articulating section 30
may maintain tractrve effort with the ground 300 through
multiple points of contact 322, 324.

The points of contact 312, 314 316, 318, 320, 322, 324,
326, 328, 332 may be referenced together with one or more of
the wheels 12, 14, 16, 22, 24, 32, 34; however, it should be
understood that other points of contact may be made with
other parts of the articulating section 10, 20, 30, including
portions of track 1ntermed1ate the wheels, e.g., secondary
contact-points. In some examples, the primary points of con-
tact associated with the wheels may provide for greater trac-
tive effort than the s¢cond points of contact as the weight of
the mobile apparatus 100 may provide more friction force at
the contact points which are directly adjacent and/or below
the wheels. Accordingly, the number of wheels that are in
direct (or indirect) contact with the obstacle may greatly
influence the total available tractive effort at the various
stages of movement, Having a mobile apparatus with mul-
tlp]e articulating sect:ons helps maximize the number of the
primary contact points which remain in contact with the
ground and/or the obstacle being traversed.

FIG. 3E illustrates the mobile apparatus 100 of FIG. 1 in
which the first articulating section 10 may be positioned on
the first stair 310, and the third articulating section 30 may
remain completely on the ground 300. The leading section
approach angle 10A associated with the first articulating sec-
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tion 10 may be substantially parallel with the top surface 314
of the first stair 310. Additionally, the first articulating sectlon
10 may provide tractive effort at multiple points of the 'top
surface 314 including contact point 315. The inclined
approach angle 10B of the first articulating section 10 may
traverse a second stair 320 in a similar manner as descnbed
with reference to FIG. 3B.
The second articulating section 20 is shown suspended
between the ground 300 and the first stair 310. With the first
articulating section 10 Iocated on the first stair 310, the sec-
ond articulating section 20 may make contact with the face
312 of'the first stair 310 at a contact point associated with'the
first wheel 22. The contact at the face 312 may provide add.l-
tional tractive effort to lift the second articulating sectmn 20
up and over the face 312 of the first stair 310. |
With reference to FIG. 2, the angle of connection 250
associated with the first connector 50 may be positioned
intermediate the face 312 and the top surface 314 in ordet to
provide clearance of the first connector 50 with the corner of
the first stair 310. The third articulating section 30 may
remain in contact with the ground 300 at multiple contact
points 322, 324, In this position, the first wheel 32 and the
second wheel 34 of the third articulating section 30 may be at
the parallel angle 300A with respect to the ground. !
Although the second articulating section 20 may be sus-
pended between the ground 300 and the first stair 310, sifice
both the first articulating section 10 and the third articulating
section 30 may maintain multiple points of contact with the
ground 300 and top surface 314 of the first stair 319, the
mobile apparatus 100 is provided with sufficient tractive
effort to continue traversing the obstacle without stalling,
FIG. 3F illustrates the mobile apparatus 100 climbing both
the first stair 310 and the second stair 320. In some examplcs,
the inclined approach angle 10 A may represent the maximirm
downward articulation angle when the mobile apparatus 100
is inthis position. The negative angle of incline of the inclined
approach angle 10B may allow the leading contact surface of
fthe first articulating section 10 to increase the amount of
fractive effort on the top surface 328 of the second stair 328,
las the first articulating section 10 transitions up and over the
face 326 of the second stair 320.
QOne or more of the bias elements (e.g., the first and!or
second bias elements 217, 227) may be configured to exert a
spring force which forther promotes the articulation of the
first articulating section in the downward direction, and
results in the inclined approach angle 10B being negative.
Additionally, the multi-section articulation of the mobile
ppparatus 100 may be configured to allow the second articu-
lating section 20, including the first wheel 22, to increase the
amount of tractive effort on the top surface 314 of the first stair
R10, as the second articulating section 20 transitions onto the
First stair 310. |
A front end of the third articulating section 30 is shown
ifted off the ground 308; however, the second wheel 34 may
remain in contact w:ththe ground at contact point 324. In this
position, a third section approach angle 30A associated with
he third arti¢ulating section may no longer be parallel with
he ground 300. In this position, the leading section approach
angle 10A may be considered as being a negative inclined
sngle (or associated with a negative amount of articulation),
and the trailing section approach angle 30A may be consid-
rred as being a positive inclined angle (or associated with a
positive amount of articulation). By articulating in multiple
dlirections, each of the section 10, 20, 30 may sirultaneously
provide tractive effort on a top surface 328, 314, 324 of the
:E:cond stair 320, the first stair 310, and the ground 300,

respectively. '
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FIG. 3G illustrates a further articulation of the first articu-
lating section 10 in an upward direction, as the first wheel 14
of the first articulating section 10 traverses the top surface 328
of the second stair 320. In this position, each of the sections
10, 20, 30 may simultaneously provide tractive effort on the
three surfaces 328, 314, 324 of the second stair 320, the first
stair 310, and the ground 300, respectively. Similarly, the
three sections 10, 20, 30 may simultaneously contact the top
surface of any three consecutive stairs in a flight of stairs.

In this position, the leading section approach angle 10A
may be considered|as being at a slightly negative inclined
angle (or associated with a negative amount of articulation),
and the trailing section approach angle 30A may also be
considered as being a negative inclined angle (or associated
with a negative amount of articulation). The mobile apparatus
100 may be configured to maintain tractive effort on the three
surfaces 328, 314, 324 even though any one, or all, of the
sections 10, 20, 30 may not be paralle] with the surfaces 328,
314, 324, respectively.

FIG. 3H illustratés the mobile apparatus 100 of FIG. 1 in
which the first art:culatmg section 10 may be positioned on
the second staif 320; and the third articulating section 30 may
be partially located on the first stair 310. Operation of the
mobile apparatus 100 in this position may be similar to that
described with reference to FIG. 3E.

The leading section approach angle 10A associated with
the first ariiculating section 10 may be substantially parallel
with the top surface 328 of the second stair 310. Additionally,
the first articulating : section 10 may provide tractive effort at
multiple points of the top surface 328 including contact point
332. The inclined approach angle 10B of the first articulating
section 10 may traverse a third stair 330 ina similar manner as
described with reference to FIG. 3B.

The second articulating section 20 may be suspended
between the first stair 310 and the second stair 320. With the
first articulating section 10 located on the second stair 310,
the second articulating section 20 may contact with the face
326 of the second stair 320. The contact at face 326 may
provide tractive effort to lift the second articulating section 20
up and over the face 326 of the second stair 320. The third
articulating section 30 may remain in partial contact with the
ground 300 at contact point 324 to provide additional tractive
effort.

Although the second articulating section 20 may be sus-
pended between the first stair 310 and the second stair 320,
since both the first articulating section 10 and the third articu-
lating section 30 may maintain points of contact with the
ground 300 and the top surface 328 of the second stair 329, the
mobile apparatus 100 is provided with sufficient tractive
effort to continue traversing the obstacle without stalling.

Although the above description is of the mobile apparatus
100 traversing a flight of stairs, it will be appreciated that
other obstacles maybe traversed using the same or similar
principles of locomotion. For example, the first articulating
section 10 may articulate in a downward direction in response
to -the front end of the mobile apparatus 100 traversing a
sunken grade. The lower portion of the intermediate atticu-
lating section 20 may remain substantiaily parallel to the
ground when the first -articulating section 10 articulates in the
downward direction.

FIG. 4 illustrates lhemoblle apparatus 100 of FIG. 1 articu-
lated in a first position. By way convention, the first articu-
lating section 10 may be described as being articulated in an
upward or positive direction, with respect to the second
articulating section 20. Similarly, the third articulating sec-
tion 30 may be described as being articulated inan upward or
positive direction, with respect to the second articulating
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section 20. In some examples, the intermediate articulating
section 20 may be understood to articulate about one or both
of the first articulating section 10 and the third articulating
section 30.

The ability to ariiculate in an arcuated fashion enables the
mobile apparatus 100 to climb a vertical surface having a
height greater than height 301 (FIG. 3A) without the mobile
apparatus 100 tumbling backwards. Similarly, the ability to
articulate one or more sections enables the mobile apparatus
100 to descend a relatively tall object and/or flight of stan‘s
without tumbling forward, end over end.

FIG. 4A illustrates a conceptual view of the ﬁrstposmon of
FIG. 4, The positive articulation of the first articulating sec-
tion 10 may be illustrated by a first positive angle 410. The
first positive angle 410 may be associated with the angle
between the leading section approach angle 10A and the
intermediate section approach angle 20A. Additionally, a sec-
ond positive angle 420 may be associated with the angle
between the trailing section approach angle 30A and the
intermediate section approach angle 20A. In some examples,
the first positive angle 410 may be associated with an angle of
between 140 and 160 degrees. Similarly, the second positive
angle 420 may be associated with an angle of between 115
and 135 degrees. Other angles may be used depending on the
size and geometry of the stairs or ather types of obstacles that
are being traversed. In other examples, first and positive
angles 410 and 420 may be associated with maximum angles
of articulation which are the same, or nearly the same as each
other. The maximum angle of articulation may be between
115 and 160 degrees.

FIG. 5 illustrates the mobile apparatus 100 of FIG. 1 articu-
lated in a second position. By way convention, the first articu-
lating section 10 may be described as being articulated i m a
downward or negative direction, with respect to the second
articulating section 20. Similarly, the third articulating sec-
tion 30 may be described as being articulated in a downward
or negative direction, with respect to the second arhculatmg

section 20.

FIG. SA illustrates a conceptual view of the second posi-
tion of FIG. 5. The negative articulation of the first articulat-
ing section 10 may be illustrated by a first negative angle 430.
[The first negative angle 430 may be associated with the angle
between the leading section approach angle 10A and the
intermediate section approachangle 20A. Additionally, a séc-
pnd negative angle 440 may be associated with the angle
between the trailing section approach angle 30A and the
intermediate section approach angle 20A. In some examples,
the first negative angle430 may be associated with an angle of
between 200 and 220 degrees. Similarly, the second nepative
pngle 440 may be associated with an angle of between 190
and 210 degrees. Other angles may be used depending on the
size and geometry of the stairs or other types of ohstacles that
are being traversed. In other examples, first and second nega-
live angles 430 and 440 may be associated with maximum
Engles of articulation which are the same, or nearly the same

each other, The maximum angle of articulation may ] be
between 190 and 220 degrees.

Although two different positions are shown in FIGS. 4 a.nd
5, other permutations of the articulating sections ate possible,
.ncIuding an example of the first positive angle 410 combined
with the second negative angle 440, and an example of the
econd positive angle 420 combined with the first negative
angle 430, by way of two further non-limiting examples. |
FIG. 6 illustrates a mobile apparatus 600 configured wﬂh
two articulating sections, including the first articulating sec-
tion 10 and a second section 650. The first articulating section
10 may be similar to that described with respect to FIG. 1,
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including a leading traction control assembly comprising one
or more gears and/or wheels, sich as the upper wheel 12, the
first wheel 14, the,second wheel 16, or any combination
thereof.

The second section 650 may comprise a second traction
contro] assembly 655 including one or more gears and/or
wheels, such as a first wheel 652, a second wheel 654, a third
wheel 656, or any combination thereof. Although FIG. 6
illustrates a right side of the mobile apparatus 600, it should
be understood that there may be an opposite, left side with
corresponding traction control assembly, track, gears, and/or
wheels similar to that described above.

Mabile apparatus 600 may comprise a connector 625 con-
figured to operatively couple the first articulating section 10
to the second section 650. The connector 625 may comprise
one or more connecting members and/or pivot points about
which the first articulating section 10 and/or the second sec-
tion 650 may articulate. The connector 625 may be config-
ured to allow the first articulating section 10 to articulate
relative to the second section 650, for example, in response to
one or. more points of contact of the first articulating section
10 coming into contact with an obstacle. The connector 625
may provide for flexibility in movement of the mobile appa-
ratus 600, and may provide for a variability in angle between
the first articulating section 10 and the second section 650.

The articulation of one or both of the first articulating
section 10 and the second section 650 may be controlled or
moderated by one or more bias elements, such as a first bias
element 623 andfor a second bias element 627. The bias
elements 623, 627 may be configured to control an angle of
articulation between the sections 10, 625, to apply pressure to
the traction control assembly to ensure proper rotation, fric-
tion, and/or pressure points, and to absorb shock and provide
for a smooth transition between obstacles, such as when the
mobile apparatus 600 navigates a series of stairs. In some
examples, one or both of the first and/or second bias elements
623, 627 may be configured to both dampen shock and to
maintain a tractive effort of the mobile apparatus 600,

The second bias element 627 may be coupled between the
second section 650 and the comnector 625, and may be con-
figured similarly as the first bias element 623. The first bias
element 623 may be configured to exert a spring force during
either a dynamic movement of a section, or while the mobile
apparatus 600 is in a static and/or passive condition. The first
bias element 623 may be confignred to exert a continuous
spring force. In some examples, the continuous spring force
may vary as a fanetion of the compressed state of the first bias
element 623, with a higher spring force associated with a fully
compressed state (e.g., with one or both sections 10, 625
articulated in a first/direction of articulation), and a lower
spring force associat:ed with a more relaxed state (e.g., with
one or both sections 10, 625 articulated in a second direction
of articulation, opp051te the first direction).

One or both of the'bias elements 623, 627 may be config-
ured to exert a compression force agamst the first articulating
section 10 and/or the second section 650. For example, the
first bias element 623 may be coupled between the first articu-
lating section 10 and the connector 625 to exert a first com-
pression force which'is opposite in direction to the articula-
tion ofthe first articulating section 10. The second section 623
may be configured to articulate relative to the first articulating
section 10. The second bias element 627 may be conﬁgured 1o
exert a second compression force which is opposite in direc-
tion to the articulation of the second section 650. In some
examples, the first bias element 623 and/or the second bias
element 627 may be configured to exert a compression force
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or spring force in the same direction as the articulation of the
first articulating section 10 and/or the second section 650.
The articulation of the first articulating section 10 may
increase a spring force associated with the first bias element
623. The spring force may be transferred from the first bias
element 623 to the second bias element 627. The transferred
spring force may cause the second bias element 623 to com-
press which may in turn cause a second spring force associ-
ated with the second bias element 627 to increase. In some
example, a bias angle hetween the first and second bias éle-
ments 623, 627 may be foamed as an obtuse angle. '
FIG. 7 illustrates a mobile apparatus 700 configured to
operate within a confined space, such as a stair landing 740.
The mobile apparatus 700 may comprise a first section 710, a
second section 720, a third section 730, or any combination
thereof. In some examples, a mobile apparatus comprising
two sections, such as mobile apparatus 600, may be config-
ured to navigate the stair Janding 740. The stair landing 740
may be located at the base of a flight of stairs, intermediate
two flights of stairs, in a stairwell, at a ninety degree intersec-
tion and/or turn between adjoining sections of stairs, or a.uy
combination thereof.
For applications involving multi-level residences and
office buildings, the mobile apparatizs 700 may be required to
inavigate one or more stair landings, such as stair landing 740,
in order to navigate between different floors of the buiiding.
Ll'he ability to navigate stairways and stair landings may be
seful for telepresence applications, such as where the mobile

apparatus 700 may be used to remotely monitor the health
and/or well-being of a resident. For example, a camera may
be installed on the mobile apparatus 700 to monitor the sur-
roundings via a video and/or audio feed. i
Additionally, Mobile apparatus 700 may be used for law
enforcement or military reconnaissance missions where the
mobile apparatus 700 may be required to search multiple
levels and/or floors of a building. For example, the mobile
apparatus 700 may be configured to search for survivors,
suspects, terrorists, explosive devices, etc. in conditions
hich may be potentially hazardous or hostile to a human
agent, including radicactive operating conditions.

The length of a stair in many residential and commercial
buildings typically varies from between three feet (0.91
meters) to four feet {1.22 meters). The corresponding landing
ength 744 may be equal to the length of the stair 760. Simi-
arly, the landing width 742 may be equal to the landing Iength
44, forming an approximately square stair landing. The
pverall length 702 of the mobile apparatus 700 may be less
han both the landing width 742 and the landing length 744.
Similarly, the overall width 704 of the mobile apparatus 700
may be less than both the landing width 742 and the landing
ength 744, In some examples, the overall length 702 may be
Wpproximately two and a half feet (0.76 meters) and the over-
h1l width 704 may be approximately one and a half feet (0.46
meters), although, other lengths may be used depending cn
he size and geometry of the sections, stairs or other types of
dbstacles that are being traversed.

One or more of the articulating sections 710, 720, and/or
{30 may comprise a right traction control assembly 770 and
a left traction control assembly 780. A propulsion system may
be configured to cause the right traction control assembly 770
0 move in an opposite rotational orientation as the left trac-
lion control assembly 780. For example, the mobile apparatus
F00 may be configured to rotate in place about an approxi-
mate central point 725 of the mobile apparatus 700, while
being located on the stair landing 740. The central point 725
may be located on a longitudinal centerline 750 of the mobile
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Typical stairs in many residential and commercial build-
ings may have a tread depth 762 of approximately nine inches
(22.9 centimeters) fo twelve inches (30.5 centimeters). In
some examples, the lengths of one or more of the first section
710, the second sectlon 720, and/or the third section 730 may
be equal to or less than the tread depth 762.

The first section 710 may have a first footprint 712 of
between five inches (12,7 centimeters) and twelve inches
(30.5 centimeters) i in length. In some examples, the first foot-
print712 may be apprommate]y eight and a halfinches (21.6
centimeters) in length. The first section 710 additionally may
have a leading edge length 705 associated with a leading
contact surface 713 similar to leading contact surface 13 of
FIG. 1, which may be inclined with respect to the surface of
the stair landing 740 and/or the stair 760. The leading edge
length 705 may be between one inch (2.5 centimeters) and six
inches (15.2 cenumeters) In some examples, the leading
edge length 705 may be approximately two inches (5.1 cen-
timeters).

Typical stairs in many residential and commercial build-
ings may have a riser height of between four inches (10.2
centimeters) and eight inches (20.3 centimeters). In some
examples, a height of the first section 710 and/or the leading
contact surface 713 may be equal to or greater than the riser
height of the stair 760,

The second section 720 may have a second footprint 722 of
between five inches (12.7 centimeters) and twelve inches
(30.5 centimeters) in length. In some examples, the second
footprint 722 may be approximately eight and a haif inches
(21.6 centimeters) in length. The third section 730 may have
athird footprint 732 of between five inches (12.7 centimeters)
and twelve inches (30.5 centimeters) in length. In some
examples, the third footprint 732 may be approximately ten
and a half inches (26.7 centimeters) in length.

- FIG. 8 illustrates a mobile apparatus 300 configured with
three articulating sections, including a first articulating sec-
tion 810, a second articulating section 820, and a third articu-
lating section 830. The three articulating sections 810, 820,
830 may comprise two or more wheels configured as traction
devices: The first amcu]atmg section 810 may comprise a
leading traction control assembly comprising an upper wheel
812; a first wheél 814, and a second wheel 816. The upper
wheel 812 and the first wheel 814 may be inclined or posi-
tioned at a forward angle 812. The upper wheel 812 may be
connecled to the ﬁrslt wheel 814 by a first linkage 845. The
first wheel 814 may be connected to the second wheel 816 by
a second linkage 855.

The second articulating section 820 may comiprise a sec-
ond traction control assembly comprising a first wheel 8§22
and a second wheel;824. The first wheel 822 may be con-
nectéd 16 the second wheel 824 by a third linkage 865. Addi-
tionally, a first connector 815 may be configured to opera-
tively couple the first articulating section 810 to the second
artmulatmg section 820. The first connector 815 may com-
pnse on€ or more connectmg members 830 and/or pivot
points about wh.lchthe first articulating section 810 and/or the
second articulating secnon 820 may articulate. The first con-
nector 815 may be conﬁgured to allow the first articulating,
section 810 to artxcu]ate relative to the second articulating
section 820, forexample, mr&sponse to one or more points of
contact of the first articulating section 810 coming into con-
tact withi an obstacle.{The first connector 815 may provide for
flexibility in movement of the mobile apparatus 800, and may
provide for a variability in angle between the first artlculatmg
section 810 and the seoond articulating section 820,

The articulation of ‘one or both of the first articulating
section 810 and the second articulating section 820 may be
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controlled or moderated by one or more bias elements, such
as a first bias element 833 and/or a second bias element 837.
The bias elements 833, 837 may be configured to control an
angle of articulation between the sections 810, 820, to apply
pressure to one or more wheels 10 ensure proper rotation,
friction, and/or pressure points, and to absorb shock and
provide for a smoocth transition between obstacles, such as
when the mobile apparatus 800 navigates a series of stairs, In
some examples, one or both of the first and/or second bias
elements 833, 837 may be configured to both dampen shock
and to maintain a tractive effort of the mobile apparatus 800,

The third articulating section 830 may comprise a third
traction control assembly comprising a first wheel 832 and a
second wheel 834. The first wheel 832 may be connected to
the second wheel 834 by a fourth linkage 875. Additionally, a
second connector 825 may be confipured to operatively
couple the second articulating section 820 to the third articu-
lating section 830. The second connector 825 may comprise
one or more connecting members 840 and/or pivot points
about which the second articulating section 820 and/or the
third articulating section 830 may articulate. The second con-
nector 825 may be configured to allow the second articulating
section 820 to articulate relative to the third articulating sec-
tion 830, for example, in response to one or more points' of
contact of the second articulating section 820 coming into
contact with an obstacle. The second connector 825 may
iprovide for flexibility in movement of the mobile apparatus
800, and may provide for a variability in angle between the
second articulating section 820 and the third articulating sec-
tion 830.

The articulation of one or both of the second articulating

section 820 and the third articulating section 830 may be
ontrolled or moderated by one or more bias elements, such
s a fourth bias element 843 and/or a fifth bias element 847.
e bias elements 843, 847 may be configured to control:an
gle of articulation between the sections 820, 830 to apply
ressure to one or more wheels to ensure proper rotation,
iction, and/or pressure points, and to absorb shock and
rovide for a smooth transition between obstacles, such,as
hen the mobile apparatus 800 navigates a series of stairs. In
ome examples, one or both of the third and/er fourth bias
lements 843, 847 may be configured to both dampen shock
nd to maintain a tractive effort of the mobile apparatus 800.
Although FIG. 8 illustrates a right side of the mobile appa-
tus 800, it should be understoed that there may be an oppo-
ite, left side with corresponding traction control assembhes
m:ular to that described above.
The lengths, widths, heights, and angles described herem
for illustrative purposes only. For example, the dimen-
tons associated with stairs may be associated with various
S. and/or international standards; however, stairs and/or
ther obstacles having different dimensions are also contem-
lated herein. i
Althoughvarious examples are illustrated with one or mare
ears, wheels, and/or tracks configured for locomotion, it
hould be appreciated that some examples may employ any
tombination of these elements, including the omission of one
more tracks, for example. Similarly, the number of gears
and/or wheels is provided for illustrative purposes only, and
In some examples, fewer or more gears and/or wheels may be
used. One or more section may utilize a track, whereas
another section may utilize wheels for tractions. In one
example, a front section comprises a track as a traction
Hevice, and two trailing sections comprise wheels for h'actlon
Hevices.
The system and apparatus described above may use ded.1-
cated processor systems, microcontrollers, programmable
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logic devices, microprocessors, or any combination thereof,
to perform some or;all of the operations described herein.
Some of the operations described above may be implemented
in software and other operations may be implemented in
hardware. One or more of the operations, processes, and/or
methods described herein may be performed by an apparatus,
a device, and/or a system substantially similar to those as
described herein and with reference to the illustrated figures.

The processing device may execute insiructions or “code”
stored in memory. The memory may store data as well. The
processing device may include, but may not be limited to, an
analog processor, a i digital processor, a microprocessor, a
multi-core processor, a processor array, a network processor,
orthe like. The processing device may be part of an integrated
control system or system manager, or may be provided as a
poriable electronic device that may be configured to interface
with a networked system, locally and/or remotely, via a wire-
less transmission.

- The processor memory may be integrated together with the
processing device, for example RAM or FLASH memory
disposed within an integrated circuit microprocessor or the
like. In other examples, the memory may comprise an inde-
pendent device, such as an external disk drive, a storage array,
a portable FLASH key fob, or the like. The memory and
processing device may be operatively coupled together, or in
communication with'each other, for example by an I/O port,
a network connection, or the like, and the processing device
thay read a file stored on the memory. Associated memory
may be “read only” by design (ROM) by virtue of permission
settings, or not. Other examples of memory may include, but
may not be limited to, WORM, EPROM, EEPROM, FLASH,
or the like, which may be xmplemented in solid state semi-
conductor devices. Other memories may comprise movmg
parts, suchasa known rotating disk drive. All such memories
may be ‘machme-readable" and may be readable by a pro-
cessing device. |

Operating instructions or commands may be implemented
or embodied in tanglble forms of stored computer software
(also known as “computer program” or “code”). Programs, or
code, may be stored in a digital memory and may be read by
the processing devme “Computer-readable storage medium™
(or alternatively, “machine-readable storage medium™) may
include all of the forégoing types of memory, as well as new
technologies of the future, as long as the memory may be
capable of storing digital information in the nature of a com-
puter program or othier data, at least teraporarily, and as long
as the stored mformatlon may be “read” by an appropriate
processing device. 'Ihe term “computer-readable” may not be
limited to the hJStoncal usage of “computer” to imply a com-
pléte mainframe, rmm-computer, desktop or even laptop
computer. Rather “computer-readable” may comprise stor-
age medium that may; ibe readable by a processor, a processing
device, or any computmg system. Such media may be any
available media that may be locally and/or remotely acces-
sible by a computer or a processor, and may include volatile
and non-volatile medxa, and removable and non-removable
media, or any oombmat1on thereof.

A program stored i m a-computer-readable storage medium
may comprise a computer program product, For example, a
storage medium maybe used as a convenient means to store
orfransport a computer program. For the sake of convenience,
the operations may be deséribed as various interconnected or
coupled functional blocks ar diagrams. However, there may
be cases where theseﬁfuncnonal blocks or diagrams may be
equivalently aggreganed into a single logic device, program or
operation with unclear boundaries.
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Having described and illustrated the principles of vanous
amples, it should be apparent that the examples may be
odified in arrangement and detail without departing from
uch principles. We claim ail modifications and variatidns
coming within the spirit and scope of the following clalms
The invention claimed is:

1. A mobile apparatus, compnsmg

a first articulating section comprising a leading tracnon
contro] assembly including multiple points of contact
inclined at a forward angle;

a second articulating section comprising an 1ntermed1ate
traction control assembly;

a propulsion system configured to coordinate movement of
the Ieading traction control assembly and the llltermedl-
ate traction contro] assembly;

a connector operatively coupling the first articulating sec-
tion to the second arhcu]a‘ong section, wherein the first
articulating section is configured to articulate re]atlve to
the second articulating section in response to one lor
more of the multiple points of contact of the leading
traction contrcl assembly coming into contact with an
abstacle; and !

a bias assembly configured to exert a continuous compres-
sion force against at least one of the first articulating
section and the second articulating section in orderito
maximize the number of points of contact between the
mobile apparatus and the obstacle, wherein the hlas
assembly comprises:

a first bias element coupled between the first articulating
section and the connector, whetein the first bias ele-
ment is conﬁgured to exert a first compression force
which is opposite in direction to the articulation of the
first articulating section; and

a second bias element coupled between the second
articulating section and the connector, wherein the
second articulating section is configured to articulate
relative to the first articulating section, and wherein
the second bias element is configured to exert a sec-
ond compression force which is opposite in dlrocuon
to the articulation of the second articulating section.

2. The mobile apparatus of claim 1, wherein the forward

sngle associated with the multiple points of contact. varies

gccording to the articulation of the first articulating section.

3. The mobile apparatus of ¢laim 1, wherein the first blaS

zlement is coupled to the first arucu]atlon section at a first

point, wherein both the first bias element and second bias
slement are attached to the connector at a central point,

et —

wherein the second bias element is coupled to the second
iculation section at a second point, and wherein the ﬁrst
entral, and second points form an obtuse angle. |
4. The mobile apparatus of claim 3, wherein the obtuse
gle varies during an articulation of either the first articula-
ion section or the second articulation section. '
5. The mobile apparatus of claim 4, wherein the obtuse
ingle varies within a maximum a.ngle of articulation, and
vherein a front pomon of the second articulation section fis
onﬁgured to raise in response to the obtuse angle reachlng
he maximum angle of articulation.
6. The mobile apparatus of claim 1, further comprlsmg
a thitd articulating section comprising a trailing traction
control assembly; and
a second connector operatively coupling the third arncu-
lating section to the second articulating section, wherein
the propulsion system is configured to coordinate move-
ment of the leading traction control assembly, the mter-
mediate traction control assembly, and the trailing trac-
tion control assembly.

e w0
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7. The mobile apparatus of claim 6, wherein the third
articulating section is configured fo articulate relative to the
second articulating section.

8: The mobile apparatus of claim 7, further comprising a
third bias element coupled between the third articulating sec-
tion and the second connector, wherein the third bias element
is configured to exert a compression force which is opposite
in direction to the articulation of the third articulating section.

9. The mobile apparatus of claim 8, further comprising a
fourth bias element coupled between the second articulating
section and the second connector, wherein the second articu-
Iating section is oonﬁgured to articulate relative to the third
articulating section, |and wherein the fourth bias element is
configured to exert a | compression force which is opposite in
direction to the am::u]anon ofthe second articulating section.

10. The mobile apparatus of claim 9, wherein the third bias
element and the fourth bias element are arranged together to
form an obtuse angle.

11. The mobile apparatus of claim 1, wherein a lower
pomon of the leading traction control assembly and a lower
portion of the intermediate traction control assembly are
arranged in a substantially parallel configuration when the
mobile apparatus travels over relatively flat ground, and
wherein a frontend of the leading traction control assembly is
configured to raise off the ground in response to contacting
the obstacle. *

12. The mobile apparatus of claim 11, wherein the lower
portion of the intermediate traction control assembly remains
substantially parallel to the ground when the front end of the
leading traction control raises off the ground.

13. The mobile apparatus of claim 11, wherein the first
articulating section is further configured to articulate in a
downward direction in response to the front end of the leading
traction control assembly traversing a sunken grade, and
wherein the lowerpomon ofthe intermediate traction control
assembly remains- substantially parallel to the ground when
the first articulating sectton articulates in the downward direc-
tion.

14. The mobile apparatus of claim 13, further comprising a
shock absorber coupled to the first artlculatmg section and
configured to both dampen shock and to maintain a tractive
effort of the leading traction control assembly in the sunken
grade by exerting a spring force in the Jownward direction.

15. The mobile apparatus of claim 1, wherein the leading
traction control assembly comprises a right traction control
assembly and aleft tract]on control assembly, and wherein the
propulsion system 1s! cenﬁgured to cause the right traction
control assembly to move in an oppositerotational orientation
as the left traction control assembly causing the mobile appa-
ratus toTotate in place about an approximate central point of
rotation. .

16. A mobile appatatus, comprising:

a first traction control assembly;

a second traction control assembly;

athird traction contro] assembly;

first means for coupling, wherein the first means for cou-

pling couples the first traction control assembly to the
second traction control assembly, and wherein the first
traction control’ assembly comprises multiple points of
contact mclmed] at a forward angle;

second means for couplmg, wherein the second means for

coupling coup]es the second traction control assembly to
the third traction control assembly;

means for providing tractive effort to the first traction con-

trol assembly, th‘e second traction control assembly, and
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the third traction control assembly, wherein the means
for providing tractive effort is mounted on the mobile
apparatus; '

first means for articulating, wherein the first means for
articulating articulates the first traction control assembly
relative to the second traction control assembly . in
response to one or more of the multiple points of contact
of the first traction control assmebly coming into contact
with an obstacle; and

means for exerting a first compressive force which is oppo-
site in direction to the articulation of the first traction
control assembly, wherein the first compressive force: is
exerted on to the first traction control assembly.

17. The mobile apparatus of claim 16, further comprisix}g:

second means for articulating, wherein the second means
for articulating articulates the third traction control
assembly relative to the second traction control assem-
bly; and ‘

means for exerting a second compressive force which is
opposite in direction to the articulation of the third trac-
tion control assembly, wherein the second compressive
force is exerted on to the third traction control assembly

18. A mobile apparatus, comprising:

a first articulating section comprising a traction control
assembly including multiple points of contact inclined at
a forward angle;

a propulsion system mounted on the mobile apparatus and
configured to coordinate movement of the traction con-
trol assembly; ,

a second articulating section;

a connector operatively coupling the first articulating sec-
tion to the second articulating section, wherein the first
articulating section is configured to articulate relative to
the second articulating section in response to one'or
more of the multiple points of contact of the leading
traction control assembly coming into contact with an
obstacle; and

b
a bias assembly configured to exert a continuous compres-
sion force against both of the first articulating section
and the second articulating section in order to maximize
the number of points of contact between the mobile
apparatus and the obstacle. !

19. The mobile apparatus of claim 18, wherein the bjas
pssembly comprises one or more bias elements coupled to the
connector, wherein the one or more bias elements are con.ﬁg-
ired to exert the continuous compression force in anoppos1te
Hirection to the articulation of the first articulating sectlon

20. The mobile apparatus of claim 18, wherein the first
articulating section is configured to articulate in a downward
flirection while the second articulating section is traveling
bver relatively flat ground, and wherein the bias assembly:is
ronfigured to maintain a tractive effort of the traction control
1ssembly by exerting the continuous compression force in the
Jownward direction.

21. The mobile apparatus of claim 20, wherein the bias
assembly comprises a shock absorber coupled to the first
articulating section and configured to dampen shack of the
first articulating section articulating in the downward direc-
fion. )
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MOBILE RECONNAISSANCE APPARATUS
WITH ARTICULATING TRACTION
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of co-pending U.S.
patent application Ser. No. 13/590,745, filed Aug. 21, 2012,
which is herein incotporated by reference in its entirety.

' BACKGROUND

The uses of known automated mobile devices range from
domestic applications such as vacunming a carpet, to military
and law enforcement applications such as surveillance and
reconnaissance activities, to extraterrestrial space explora-
tion. Known mobile devices may operate with remote control
and wireless communications which provide instructions as
to direction, speed, other operating commands, or any com-
bination thereof.

While known mobile devices may include the ability to
operate over various types of terrain, the ability to navigate
over obstacles is limited by the known means of locomotion.
Accordingly, the uses of these mobile devices for domestic
and law enforcement applications, for example, are also lim-
ited by their inability to access areas which include difficuit
terrain and/or obstacles. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a mobile apparatus con-
figured with three articulating sections.

FIG. 2 illustrates an example connector located between
two articulating sections of the mobile apparatus of FIG. 1.

FIGS. 3A-3H pictorially illustrate the mobile apparatus of
FIG. 1 traversing a flight of stairs.

FIG. 4 illustrates the mobile apparatus of FIG. 1 articulated
in a first configuration.

FIG. 4A illustrates a conceptial view of the first configu-
ration of FIG. 4

FIG. 5 illustrates the mobile apparatus of FIG. 1 articulated
in a second configuration.

FIG. 5A illustrates a conceptual view of the second con-
figuration of FIG. 5.

FIG. 6 illustrates a mobile apparatus configured with two
articulating sections.

FIG. 7 illustrates a mobile apparatus configured to operate
within a confined spage.

FIG. 8 illustrates a mobile apparztus configured with three
articulating sections compnsmg wheels.

DETAILILED DESCRIPTION

A mobile device with fixed wheels and/or a single track
provides for a reliable mode of transportation over an even
surface, but may provide relatively inflexible solutions when
attempting to climb over an obstacle or traverse a sunken
grade. For example, the front of the mobile device may bull-
doze into the obstacle or fall into the sunken grade, and thus
inhibit a forward propress of the mobile device. When the
front end of the moblle device is raised onto an chject or
lowered into the sunken grade, most of the points of contact of
the wheels and/or track may lose contact with the ground
which further impedes an ability of the mobile device to gain
traction.
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One such obstacle which mobile devices may have a diffi-
cult time to navigate includes stairs, which are often found in
multi-level homes and office buildings. Domestic robots or
remote surveillance vehicles may be confined to operating on
a single level of a building due to an inability to traverse the
stairway. Stairs which include an overhang, such as a “bull-

ose” design, may result in a catch point for the mobile device

s it attempts to traverse the stair face,

In addition to the difficulties inherent with climbing a
tairway, descending a stairway may subject the mobile
evice to intermittent changes in elevation, or falls, as the

obile device transitions from one stair to a lower stair. This
an result in the mobile device tumbling end over end until it

aches the bottom of the stairway. Some conventional
obile devices include mechanisms for “righting” them-
elves, or turning over after having fallen down.

FIG. 1 illustrates an example of a mobile apparatus 100
onfigured with three articulating sections, including a first

iculating section 10, a second articulating section 20, and a
third articulating section 30. The first articulating section 10
may comprise a leading traction control assembly 15 having
h leading contact surface 13 inclined at a forward angle 15A
with respect to ground 300. In some examples, the forward
angle may be between 55 and 75 degrees; although, other
angles may be used depending onthe size and geometry of the
stairs or other types of obstacles that are being traversed. The
eading traction control assembly 15 may comprise one or

ore gears and/or wheels, such as an upper wheel 12, a first

heel 14, a second wheel 16, or any combination thereof, In
ome examples, the leading traction control assembly 15 may
omprise one or more tracks, such as a first track 11 and/or an
pposite-side first track 19.

The second articulating section 20 may comprise an inter-

ediate traction control assembly 25. The intermediate trac-
ion control assembly 25 may comprise one or more gears

d/or wheels, such as a first wheel 22, a second wheel 24, or
ny combination thereof. In some examples, the intermediate

ction control assembly 25 may comprise one or more
acks, such as a second track 21 and/or an opposite-side
gecond track 29,
Similarly, the third articulating section 30 may comprise a
trailing traction control assembly 35. The trailing traction
gontrol assembly 35 may comprise one or more gears and/or
wheels, such as a first wheel 32, a second wheel 34, or any
¢ombination thereof. In some examples, the trailing traction
gontrol assembly 35 may comprise one or more tracks, such
s a third track 31 and/or an opposite-side third track 39. The
cks associated with the articulating sections may be con-
gured with different types of traction surfaces, depending on
hat type of terrain they are being used for. For example, a
bber and/or textured compound with a high coefficient of
iction may be used for relatively smooth tetrains, such as
arble or concrete, and a smoother track surface may be used
r traversing carpet.
The mobile apparatus 100 may comprise a first connector
0 operatively coupling the first articulating section 10 to the
ond articulating section 20. The first articulating section
0 may be configured to arficulate refative to the second
iculating section 20 in response to one or more points of
ntact of the leading contact surface 13 coming into contact
ith an obstacle. The forward angle 15A associated with the
e or more points of contact may vary according to the
iculation of the first articulating section 10.
In some examples, the second artizulating section 20 may
iculate relative to the first articulating section 10. The first
connector $0 may comprise a left connector operatively cou-
ing a left side of the first articulating section 10 to a left side
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of the second articulating section 20, and a right connector
operatively coupling a right side of the fist articulating sec-
tion 10 to a right side of the second articulating section 20.

Additionally, mobile apparatus 100 may comprise a sec-
ond connector 55 operatively coupling the third articulating
section 30 to the second articulating section 20. The third
articulating section 30 may be confipured to articulate relative
to the second articulating section 20. In some examples, the
second articulating section 20 may articulate relative to the
third articulating 30. The second connector 55 may comprise
a left connector operatively coupling a left side of the second
articulating section 20 to a left side of the third articulating
section 30, and a right connector operatively coupling a right
side of the second articulating section 20 to a right side of the
third articulating section 30.

A propulsion system may be configured to coordinate
movement of the leading traction control assembly 15, the
intermediate traction control assembly 25, the trailing trac-
tion control assembly 35, or any combination thereof, For
example, the propulsion system may include 2 leading pro-
pulsion device 42, an intermediate propulsion device 44, a
trailing propulsion device 46, or any combination thereof.
The propulsion system may inclnde means for providing a
tractive effort of the mobile apparatus 100.

In some exaraples, one or more of the propulsion devices
42, 44, 46 may comprise one or more motors. For example,
leading propulsion device 42 may comprise a right motor and
a left motor corresponding to the first track 11 and the oppo-
site-side first track 19, respectively. Intermediate propulsion
device 44 may comprise a right motor and a left motor cor-
responding to the second track 11 and the opposite-side sec-
ond track 29, respectively. Similarly, trailing propulsion
device 46 may comprise a right motor and a left motor cor-
responding to the third track 31 and the opposite-side third
track 39, respectively. Each section 10, 20, 30 may be inde-
pendently controlled by one or two motors. In some
examples, there may be a total of six motors which allow for
variable power and enhanced maneuverability of the mobile
apparatus 100,

FIG. 2 illustrates an example of the first connector 50
located between two articulating sections of the mobile appa-
ratus 100 of FIG. 1. For example, the first connector 50 may
operatively couple the first articulating section 10 to the sec-
ond articulating section 20. The first connector 50 may com-
prise a first connecting member 252, which connects to the
first articulating section 10 at a first pivot point 262, and a
second connecting member 254, which connects to the sec-
ond articulating section 20 at a second pivot point 264. The
first articulating section 10 may be configured to articulate
about the first pivot point 262. Additionally, the second articu-
lating section 20 may be configured to articulate about the
second pivot point 264.

The first connecting member 252 may be connected to the
second connecting member 254 at a central connection 280.
Central connection 280 may be located on a connection plate
270. In some examples, the first connecting member 252 may
be rigidly connected to the second connscting member 254
via the central connection 280, to form an angle of connection
250. The angle of connection 250 may be approximately
perpendicular and be configured to maintain a spaced-apart
relationship between the first articulating section 10 and the
second articulating sectlon 20. Additionally, the angle of con-
nection 250 provides for an elevated clearance area below the
connection 280 and between the sections 10, 20 to avoid the
first connector 50 from coming into contact with an obstacle,
such as a stair,
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The first connector 50 may be configured to allow the first

articulating section 10 to articulate relative to the second
iculating section 20, for example, in response to one or
ore of the multiple points of contact of the leading contact
urface 13 (FIG. 1) coming into contact with an obstacle. The
t connector 50 may provide for a flexibility in movement
fthe mobile apparatus 100, and may provide for a variability
articulation angle between the first articulating section 10
d the second articulating section 20.

The articulation of one or both of the first articulating
ection 10 and the second articulating section 20 may be
ontrolled or moderated by one or more shock absorbers,
uch as a first shock absorber 215 and a second shock
bsorber 225. The first shock absorber 215 and/or the second
hock absorber 225 may be configured to control the angle of
articulation between the sections 10, 20, to apply pressure to
A traction control assembly to ensure proper rotation, friction,
and/or pressure points, and to ahsorb shock and provide fora
smooth transition between obstacles, such as when the mobile
apparatus 100 (FIG. 1) navigates a series of stairs. This may
help stabilize the mobile apparatus 100 as it descends the
stairs, such that the speed of descent may be controlled and/or
moderated during the transition from one stairto a lower stair,
Additionally, one or both of the first and second shock absorb-
brs 215, 225 may be configured to both dampen shock and to
maintain a tractive effort of the leading traction control
assembly 15 (FIG. 1) in a sunken grade by exerting a spring
orce in the downward direction.

The first shock absorber 215 may coraprise a first damping
device 213 and a first bias element 217. The first damping
device 213 may comprise a pneumatic or hydraulic cylinder,
or example, configured to absork or moderate shock. The
t shock absorber 215 may be connected at a first end by a
t connection point 220 of the first articulating section 10,
and at a second end by a joint connection 240. The joint
¢onnection 240 may be located on the connection plate 270.
The first bias element 217 may comprise a spring or some
other component configured to exert a compression force ora
spring force. In some examples, the first damping device 213
may be configured to absorb or moderate shock during a
dynamic movement of one or both of the first articulating
section 10 and the second articulating section 20. The first
bias element 217 may be configured to exert the spring force
quring either the dynamic movement of a section, orin a static
and/or passive condition.

The first bias element 217 may be configured to exert a
continuous spring force. In some examples, the continuous
spring force may vary as a function of the compressed state of
e first bias element 217, with a higher spring force associ-
qted with a fully compressed state (e.g., with one or both
sections 10, 20 articulated upward, in a first direction of
articulatjon}, and a lower spring force associated with a more
elaxed state (e.g., with one or both sections 10, 20 articulated
downward, in a second direction of articulation, opposite the
t direction). The compression force may continuously
ary in the dynamic condition, for example, based on the
amount of compression of the first bias element 217 due to the
articulation of the first articulating section 10.

The second shock absorber 225 may be coupled between

ement 227 may comprise a spring conﬁgured to exert a
continuous spring force during either the dynamic movement
of a section, or in a static and/or passive operating condition.
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The second shock absorber 225 may be connected at a first
end by a second connection point 230 of the second articu-
lating section 20, and at a second end by the joint connection
240.

One or both of the bias elements 217, 227 may be config-
ured to exert a compression force against the first articulating
section 10 and/or the second articulating section 20. For
example, the first bias element 217 may be coupled between
the first articulating section 10 and the first connector 50 to
exert a first compression force which is opposite in direction
to the articulation of the first articulating section 10. In a
dynamic. mode of operation, both the first bias element 217
and the first shock absorber 213 may be configured to provide
an opposing force to the articulation of the first articulating
section 10.

The second articulating section 20 may be configured to
articulate relative to the first articulating section 10. The
second bias element 227 may be configured to exert a second
compression force which is opposite in direction to the articu-
lation of the second articulating section 20. In some
examples, the first bias element 217 and/or the second bias
element 227 may be configured to exert a compression force
or spring force in the same direction as the articulation of the
first articulating section 10 and/or the second articulating
section 20. The compression force may operate to increase or
decrease an angle of articulation of the first and/or second
articulating sections 10, 20, depending on the direction of
articulation, while the mobile device Is traversing an obstacle.
Additionally, by controlling the angle of articulation, the
compression force may operate to maximize the friction force
and/or points of contact between a traction device and the
obstacle being traversed.

The articulation of the first articulating section 10 may
increase a spring force associated with the first bias element
217 as the first shock absorber 215 is compressed. The spring
force may be transferred from the first shock absorber 215 to
the second shock absorber 225. The transferred spring force
may cause the second shock abscrber 225 to compress which
may in turn cause a second spring force associated with the
second bias element 227 to increase. The second spring force
may be exerted on the second articulating section 20.

The first bias element 217 may be coupled to the first
articulating section 10 at a first point, such as first connection
point 220, the second bias element 227 may be coupled to the
second articulating section 20 at a second point, such as
second connection point 230, and both the first bias element
217 and second bias element 227 may be attached to the
connector ata central point, such as joint connection 240. The
first, central, and second points may be configered to form a
bias angle 275. In some example, the bias angle 275 may be
formed as an obtuse angle.

The bias angle 275 may vary during an articulation of the
first articulating section 10 and/or the second articulating
section 20. The bias angle 275 may vary from a minimum bias
angle to a maximum bias angle. In some examples, a front
portion of the second articulating section 20 may be config-
ured to raise in response to the bias angle 275 reaching the
maximum bias angle. At the maximum bias angle, the first
hydraulic sheck absorber 215 and/or the second hydraulic
shock absorber 225 miay be fully compressed.

In some examples, the second connector 55 (FIG. 1) may
be configured similarly as the first connector 50 illustrated
with reference to FIG| 2. For example, a bias assembly asso-
ciated with the second connector may be configured to exert
a compressive force which is opposite in direction to the
articulation of the third articulating section 30 relative to the
second articulating section 20. The bias assembly may com-
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prise a third bias element coupied between the third articu-
lating section 30 and the second connector 55, and a fourth
bias element may be coupled between the second articulating
section 20 and the second connector 55.

The third bias element may be configured to exert a com-
pression force which is opposite in direction to the articula-

tion of the third articulating section 30 relative to the second
iculating section 20. The fourth bias element may be con-
pured to exert a compression force which is opposite in
irection to the articulation of the second articulating section
0 relative to the third articulating section 30. In some
amples, the third bias element and/or the fourth bias ele-
ent may be configured to exert a compression force or
pring force in the same direction as the articulation of the
ird articulating section 30 and/or the second articulating
ection 20. The third bias element and the fourth bias element
ssociated with second connector 55 may be amranged
gether to form a second bias angle, similar to the bias angle
75 of FIG. 2.

FIGS. 3A-3H pictorially illustrate the mobile apparatus
00 of FIG. 1 traversing a flight of stairs, including a first stair
10. With reference to FIG. 3A, the mobile apparatus 100
egins with all three sections 10, 20, 30 located on the ground
00. Additionally, sections 10, 20, 30 may all be positioned at
approximately parallel angle 300A to the ground 300. The
arallel angle 300A may intersect one or more of wheels 14,
6, 22,24, 32, and 34.

In some examples, a lower portion of the first articulating
ection 10, comprising the first wheel 14 and the second

heel 16, and a lower portion of the second articulating
ection 20, comprising the first wheel 22 and the second
heel 24, may be arranged in a substantially parallel position
hen the mobile apparatus 100 travels over a relatively flat
urface, such as the ground 300.

The first articulating section 10 may comprise an inclined
ipproach angle 10B and be associated with a height 301. The
nclined approach angle 10B may comprise an angle that is
ormed through the centerpoints of the upperwheel 12 and the
irst wheel 14 of the first traction control 10. In another
xample, the inclined approach angle 10B may correspond to
angle of a track located on the leading contact surface of
e first articulating section, such as the forward angle 15A of
e leading traction control assembly 15 (FIG. 1).

The height 301 of the first articulating section 10 may be
qual to or greater than a stair height 302 associated with the
t stair 310. By having at least a portion of the first articu-
Ihting section 10 located above the stair height 302, the comer
f the stair, shown as having a “bull-nose™ design, can be
asily navigated. The combination of the inclined approach
gle 1013 and the height 301 provide for multiple points of

oty b bas o

lpcated between the upper wheel 12 and the first wheel 14, for
versing the first stair 310.

FIG. 3B illustrates the mobile apparatus 100 of FIG. 1 with
e second traction control 20 remaining substantially paral-
I¢l to the ground 300 when the front end of the first articulat-
ipg section 10, including the upper wheel 12 and the first
heel 14, raises off the ground 300. As the first articulating
section 10 climbs up a face 312 of the stair 310, the inclined
proach angle 10B may increase uatil it reaches vertical. In
spme examples, a maximum upward articulation angle of the
t articulating section 10 may be associated with the
inclined approach angle 10B located in the vertical position.
The inclined approach. angle 10B may be allowed to
increase due, at least in part, to the articulation of the first
iculating section 10 relative to the second articulating sec-
'on 20. The second and third articulating sections 20, 30 may
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remain substantially parallel to each other, at the parallel
angle 300A, as the front end of the first articulating section 10
raises off the ground 300. A leading section approach angle
10A, passing through the center points of the first whezl 14
and the second wheel 16 of the first articulating section 10,
may be considered positive in this position.

Thearticulating sections 10, 20, 30 of the mobile apparatus
160 may be positioned such that at any given moment, mul-
tiple points of contaét are being made while moving, climb-
ing, or descending stairs and/or other obstacles. For example,
as the first articulating section 10 climbs the stair 310, the
mobile apparatus 100 may be configured to maintain a trac-
tive effort on the ground at contact points 316, 318, 322, and
324 associated with the second and third articulating sections
20, 30, respectively.

FIG. 3C illustrates a further articulation of the first articu-
lating section 10 in a downward direction, as a front end of the
second articulating section 20, including first whee] 22, lifts
off the ground 300. Whereas the inclined approach angle 10A
may be considered positive with reference to FIG. 3B as the
mobile apparatus 100 initially climbs the face 312 of the stair
310, the inclined approach angle 10A may be considered
negative as one or more contact points of the leading contact
surface of the first articulating section 10 transition from the
face 312 to a top surface 314 of the first stair 310.

A maximum downward articulation angle 10C may be
associated with the nepative angle of incline of the inclined
approach angle 10A. In some examples, the maximum down-
ward articulation angle 10C may pass through the center
points of the upper wheel 12 and the second wheel 16 of the
first articulating section 10, and be approximately parallel
with an intermediate section approach angle 20A passing
through the center points of the first wheel 22 and the second
wheel 24 of the second articulating section 20. In some
examples, the maximum downward articulation angle 10C
may be greater than the intermediate section approach angle
20A. The negative angle of incline of the inclined approach
angle 10A may allow the leading contact surface of the first
articulating section 10 to increase the amount of tractive effort
on the top surface 314 of the first stair 310.

FIG. 3D illustrates a further articulation of the first articu-
lating section 10 in an upward direction, as the first wheel 14
of the first articulating section 10 traverses the top surface 314
of the first stair 310, In this position, the leading edge
approach angle 10A may be nearly parallel with the interme-
diate section approach angle 20A.. Although the first wheel 22
of the second articulating, section 20 may be raised off the
ground 300, the second articulating section 20 may remain in
contact with the ground 300 at contact point 318 due to the
articulation between the second and third articulating sec-
tions 20, 30. Additiohally, the third articulating section 30
may ‘maintain tractive effort with the ground 300 through
multiple points of contact 322, 324.

The points of contact 312, 314, 316, 318, 320, 322, 324,
326,328,332 may be referenced toget.her with one or more of
the wheels 12, 14, 16, 22, 24, 32, 34; however, it should be
understeod that other points of contact may be made with
other parts of the articulating section 10, 20, 30, inch:ding
portions of track intermediate the wheels, e.g., secondary
contact points. In some examples, the primary peints of con-
tact agsociated with the wheels may provide for greater trac-
tive effort than the second points of contact as the weight of
the mobile apparatus 100 may provide more friction force at
the contact points which are directly adjacent and/or below
the wheels. Accordingly, the number of wheels that are in
direct (or indirect) contact with the obstacle may greatly
influence the total available tractive effort at the various
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stages of movement. Having a mobile apparatus with mul-
tiple articulating sections helps maximize the number of the
primary contact points which remain in contact with the
ground and/or the obstacle being traversed.

FIG. 3E illustrates the mobile apparatus 100 of FIG. 1 in
iwhich the first articulating section 10 may be positioned on
ithe first stair 310, and the third articulating section 30 may

emain completely on the ground 300. The leading section
approach angle 10A associated with the first articulating sec-
ion 10 may be substantially parallel with the top surface 314
of the first stair 310. Additionally, the first articulating section
10 may provide tractive effort at multiple points of the top
surface 314 including contact point 315. The inclined
approach angle 10B of the first articulating section 10 may
raverse a second stair 320 in a similar manner as deseribed
ith reference to FIG. 3B.

The second articulating section 20 is shown suspended
hetween the ground 300 and the first stair 310. With the first
articulating section 10 located on the first stair 310, the sec-
bnd articulating section 20 may make contact with the face
312 of the first stair 310 at a contact point associated with the
t wheel 22. The contact at the face 312 may provide addi-
tonal tractive effort to lift the second articulating section 20
p and over the face 312 of the first stair 310.

With reference to FIG. 2, the angle of connection 250
hssociated with the first connector 50 may be positioned
ntermediate the face 312 and the top surface 314 in order to
provide clearance of the first connector 50 with the corner of
he first stair 310. The third articulating section 30 may
emain in contact with the ground 300 at multiple contact
points 322, 324. In this position, the first wheel 32 and the

ne parallel angle 300A with respect to the ground.
Although the second articulating section 20 may be sus-
pended between the ground 300 and the first stair 310, since
hoth the first articulating section 10 and the third articulating
section 30 may maintain multiple points of contact with the
ground 300 and top surface 314 of the first stair 310, the
mobile apparatus 100 is provided with sufficient tractive
¢ffort to continue traversing the obstacle without stalling.
FIG. 3F illustrates the mobile apparatus 100 climbing both
the first stair 310 and the second stair 320. In some examples,
the inclined approach angle 10 A may represent the maximum
downward articulation angle when the mobile apparatus 100
in this position. The negative angle of incline of the inclined
approach angle 10B may allow the leading contact surface of
the first articulating section 10 to increase the amount of
tractive effort on the top surface 328 of the second stair 328,
as the first articulating section 10 transitions up and over the
face 326 of the second stair 320.
One or more of the bias elements (e.g., the first and/or
second bias elements 217, 227) may be configured to exert a
gpring force which firther promotes the articulation of the
first articulating section in the downward direction, and
esults in the inclined approach angle 10B being negative,
additionally, the multi-section articulation of the mobile
gpparatus 100 may be configured to allow the second articu-
lating section 20, including the first wheel 22, to increase the
amount of tractive effort on the top surface 314 of the first stafr
210, as the second articulating section 20 transitions onto the
first stair 310.
A front end of the third articulating section 30 is shown
lifted off the ground 300; however, the second wheel 34 may
remain in contact with the ground at contact point 324. In this
position, a third section approach angle 30A associated with
he third articulating section may no longer be parallel with
he ground 300, In this position, the leading section approach
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angle 10A may be considered as being a negative inclined
angle (or associated with a negative amount of articulation),
and the trailing section approach angle 30A may be consid-
ered as being a positive inclined angle (or associated with a
positive amount of articulation). By articulating in multiple
directions, each of the section 10, 20, 30 may simultaneously
provide tractive effort on a top surface 328, 314, 324 of the
second stair 320, the first stair 310, and the ground 300,
respectively.

FIG. 3G illustrates a further articulation of the first articu-
lating section 10 in an upward direction, as the first wheel 14
of the firstarticulating section 10 traverses the top surface 328
of the second stair 320. In this position, each of the sections
10, 20, 30 may simultaneously provide tractive effort on the
three surfaces 328, 314, 324 of the second stair 320, the first
stair 310, and the ground 300, respectively. Similarly, the
three sections 10, 20, 30 may simultaneously contact the top
surface of any three consecutive stairs in a flight of stairs.

In this position, the leading section approach angle 10A
may be considered as being at a slightly negative inclined
angle (or associated with a negative amount of articulation),
and the trailing section approach angle 30A may also be
considered as being a negative inclined angle (or associated
with a negative amount of articulation). The mobile apparatus
100 may be configured to maintain tractive effort on the three
surfaces 328, 314, 324 even though any one, or all, of the
sections 10, 20, 39 may not be parallel with the surfaces 328,
314, 324, respectively.

FIG. 3H illustrates the mobile apparatus 100 of FIG. 1 in
which the first Mculatmg section 10 may be positioned on
the second stair 320, and the third articulating section 30 may
be partially Iocated on the first stair 310. Operation of the
mobile apparatus 100 in this position may be similar to that
described with reference to FIG. 3E.

The leading section approach angle 10A associated with
the first articulating section 10 may be substantially parallel
with the top surface 328 of the second stair 310, Additionally,
the first articulating section 10 may provide tractive effort at
multiple points of the top surface 328 including contact point
332. The inclined approach angle 10B of the first articulating
section 10 may traversea third stair 330 ina similar manneras
described with reference to FIG. 3B.

The second articulating section 20 may be suspended
between the first stair 310 and the second stair 320, With the
first artjculating section 10 located on the second stair 310,
the second articulating section 20 may contact with the face
326 of the second stair 320. The contact at face 326 may
provide tractive effort'to lift the second articulating section 20
up and over the face 326 of the second stair 320. The third
articulating section 30 may remain in partial contact with the
ground 300 at contact.pomt 324 to provide additional tractive
effort.

Although the second articulating section 20 may be sus-
pended betwesn the first stair 310 and the second stair 320,
since hoth the first articulating section 10 and the third articu-
lating section 30 may maintain points of contact with the
ground 300 and the top surface 328 of the second stair 320, the
mobile apparatus 100 is provided with sufficient tractive
effort to continve traversmg the obstacle without stalling.

Although the ahove description is of the mobile apparatus
100 traversing a flight of stairs, it will be appreciated that
other obstacles may be traversed using the same or similar
principles of locomotion. For example, the first articulating
section 10 may articulate in a downward direction in response
to the front end of the mobile apparatus 100 traversing a
sunken grade. The lower portion of the intermediate articu-
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lating section 20 may remain substantxally parallel to the
ground when the first articulating section 10 articulates mthe
downward direction.
FIG. 4 illustrates the mobile apparatus 100 of FIG. 1 articu-
lated in a first position. By way convention, the first articu-
elating section 10 may be described as being articulated in an
pward or positive direction, with respect to the second
prticulating section 20. Similarly, the third articulating sec-
tion 30 may be described as being articulated in an vpward or
positive direction, with respect to the second articulating
section 20. In some examples, the intermediate articulating
section 20 may be understood to articulate about one or béth
of the first articulating section 10 and the third articulating
section 30,
The ability to articulate in an arcuated fashion enables the
mobile apparatus 100 to climb a vertical surface having a
height greater than height 301 (FIG. 3A) without the mobile
npparatus 100 tumbling backwards. Similarly, the ability to
articulate one or more sections enables the mobile apparatus
100 to descend a relatively tall object and/or flight of stairs
without tumbling forward, end over end.
FIG. 4A illustrates a conceptual view of the first position of
FIG. 4. The positive articulation of the first articulating sec-
tion 10 may be illustrated by a first positive angle 410. The
first positive angle 410 may be associated with the angle
between the leading section approach angle 10A and the
intermediate section approach angle 20A. Additionally, a seg-
nd positive angle 420 may be associated with the angle
between the trailing section approach angle 30A and the
intermediate section approach angle 20A. In some examples,
the first positive angle 410 may be associated with an angle of
between 140 and 160 degrees. Similarly, the second positive
sngle 420 may be associated with an angle of between 115
and 135 degrees. Other angles may be used depending on the
size and geometry of the stairs or other types of obstacles that
gre being traversed. In other examples, first and positive
angles 410 and 420 may be associated with maximum angles
¢farticulation which are the same, or nearly the same as each
¢ther. The maximum angle of articulation may be between
115 and 160 degrees.
FIG. 5illustrates the mobile apparatus 100 of F1G. 1 artici1-
Iated in a second position. By way convention, the first articu-
Iating section 10 may be described as being articulated in a
downward or negative direction, with respect to the second
grticulating section 20. Similarly, the third articulating sec-
jlon 30 may be described as being articulated in a downward
r negative direction, with respect to the second articulating
dection 20.
FIG. 5A illustrates a conceptual view of the second posi-
tjon of FIG. 5. The negative articulation of the first articulat-
ing section 10 may be illustrated by a first negative angle 430.
The first negative angle 430 may be associated with the angle
Between the leading section approach angle 10A and the
intermediate section approach angle 20A. Additionally, a sec-
gnd negative angle 440 may be associated with the angle
Between the trailing section approach angle 30A and the
iptermediate section approach angle 20A. In some examples,
the first negative angle 430 may be associated with an angle of
Ketween 200 and 220 degrees. Similarly, the second negative
angle 440 may be associated with an angle of between 190
d 210 degrees. Other angles may be used depending on the
sfze and geometry of the stairs or other types of obstacles that
being traversed. In other examples, first and second nega-
e angles 430 and 440 may be associated with maximum
angles of articulation which are the same, or nearly the samie
as each other. The maximum angle of articulation may be
between 190 and 220 degrees.
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Although two different positions are shown in FIGS. 4 and
5, other permutations of the articulating sections are possible,
including an example of the first positive angle 410 combined
with the second negative angle 440, and an example of the
second positive angle 420 combined with the first negative
angle 430, by way of two further non-limiting examples.

FIG. 6 illustrates a mobile apparatus 600 configured with
two articulating sections, including the first articulating sec-
tion 10 and 2 second section 650. The first articulating section
10 may be similar to that described with respect to FIG. 1,
including a leading traction control assembly comprising one
or more gears and/or wheels, such as the upper wheel 12, the
first wheel 14, the second wheel 16, or any combination
thereof.

The second section 650 may comprise a second traction
control assembly 655 including one or more gears and/or
wheels, suchasa ﬁrst wheel 652, a second wheel 654, a third
wheel 656, or any combination thereof, Although FIG. 6
illustrates a right side of the mobile apparatus 600, it should
be understood that there may be an opposite, left side with
corresponding traction control assembly, track, gears, and/or
wheels similar to that described above.

Mobile apparatus 600 may comprise a connector 625 con-
figured to operatively couple the first articulating section 10
to the second section 650. The connector 625 may comprise
one or more connecting members and/or pivot points about
which the first articulating section 10 and/or the second sec-
tion 650 may articulate. The connector 625 may be config-
ured to allow the first articulating section 10 to articulate
relative to the second section 650, for example, in response to
one or more points of contact of the first articulating section
10 coming into contact with an obstacle. The connector 625
may provide for flexibility in movement of the mobile appa-
ratus 600, and may provide for a variability in angle between
the first articulating section 10 and the second section 650.

The articulation of one or both of the first articulating
secticn 10 and the second section 650 may be controlled or
moderated by one or-more bias elements, such as a first bias
element 623 and/or-a second bias element 627. The bias
elements 623, 627 may be configured o control an angle of
articulation between the sections 10, 625, to apply pressure to
the traction control assembly to ensure proper rotation, fric-
tion, and/or pressure points, and to absorb shock and provide
for a smooth transition between obstacles, such as when the
mobile apparatus 600 navigates a series of stairs. In some
examples, one or both of the first and/or second bias elements
623, 627 may be configured to both dampen shock and to
maintain a tractive effort of the mobile apparatus 600.

The second bias element 627 may be coupled between the
second section 650 and the connector 625, and may be con-
figured similarly as the first bias element 623. The first bias
element 623 may be conﬁgured to exert a spring force during
either a dynamic movement of a section, or while the mobile
apparatus 600 is in a static and/or passive condition. The first
bias element 623 may be configured to exert 2 continuous
spring force. In some examples, the continuous spring force
may vary asa functlon of the compressed state of the first bias
elemént 623, with ah:gher spring force associated with a fully
compressed state (e.g., with one or both sections 10, 625
articulated in a first direction of articulation), and a lower
spring force associated with a more relaxed state (e.g., with
one or both sections 10, 625 articulated in a second direction
of articulation, opposite the first direction).

One or both of the bias elements 623, 627 may be config-
ured to exert a compression force against the first articulating
section 10 and/or the.second section 650. For example, the
firstbias clement 623 may be coupled between the first articu-
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lating section 10 and the connector 625 1o exert a first com-
pression force which is opposite in direction to the articula-
tion of the first articulating section 10. The second section 623
may be configured to articulate relative to the first articulating
section 10. The second bias element 627 may be configured to
exert a second compression force which is opposite in direc-
tion to the articulation of the second section 650. In some
examples, the first bias element 623 and/or the second bias
element 627 may be configured to exert a compression force
or spring force in the same direction as the articulation of the
first articulating section 10 and/or the second section 650.
The articulation of the first articulating section 10 may

increase a spring force associated with the first bias element
623. The spring force may be transferred from the first bias
element 623 to the second bias element 627. The transferred
spring force may cause the second bias element 623 to com-
press which may in furn cause a second spring force associ-
ated with the second bias element 627 to increase. In some
jexample, a bias angle between the first and second bias ele-
ments 623, 627 may be formed as an obtuse angle.
FIG, 7 illustrates a mobile apparatus 700 configured to
pperate within a confined space, such as z stair landing 740.
The mobile apparatus 700 may comprise a first section 710, a
second section 720, a third section 730, or any combination
fhereof. In some examples, a mobile apparatus comprising
fwo sections, such as mobile apparatus 600, may be config-
nred to navigate the stair landing 740. The stair landing 740
may be located at the base of a flight of stairs, intermediate
two flights of stairs, in a stairwell, at a ninety degree intersec-
fion and/or turn between adjoining sections of stairs, or any
combination thereof.
For applications involving multi-level residences and
hffice buildings, the mobile apparatus 700 may berequired to
havigate one or more stair landings, such as stair landing 740,
n order to navigate between different floors of the building,.
[he ability to navigate stairways and stair landings may be
Yiseful fortelepresence applications, such as where the mobile
apparatus 700 may be used to remotely monitor the health
and/or well-being of a resident. For example, a camera may
Ifo ¢ installed on the mobile apparatus 700 to monitor the sur-
roundings via a video and/or audio feed.
l Additionally, Mobile apparatus 700 may be used for law
nforcement or military reconnaissance missions where the
mobile apparatus 700 may be required to search multiple
levels and/or floors of a building. For example, the mobile
apparatus 700 may be configured to search for survivors,
guspects, terrorists, explosive devices, etc. in conditions
which may be potentially hazardous or hostile to a human
agent, including radioactive operating conditions.
The length of a stair in many residential and commercial
buildings typically varies from between three feet (0.91
1neters) to four feet (1,22 meters). The corresponding landing
Iength 744 may be equal to the length of the stair 760. Simi-
Iarly, the Janding width 742 may be equal to the landing length
144, forming an approximately square stair landing. The
gverall length 702 of the mobile apparatus 700 may be less
than both the landing width 742 and the landing length 744.
Similarly, the overall width 704 of the mobile apparatus 700
may be less than both the landing width 742 and the landing
length 744. In some examples, the overall length 702 may be
proximately two and a half feet (0.76 meters) and the over-
width 704 may be approximately one and a half feet (0.46
eters), although, other lengths may be used depending on
e size and geometry of the sections, stairs or other types of
stacles that are being traversed.
One or more of the articulating sections 710, 720, and/or
0 may comprise a right traction control assembly 770 and
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aleft traction control assembly 780. A propulsion system may
be configured to cause the right traction control assembly 770
to move in an opposite rotational orientation as the left trac-
tion control assembly 780. For example, the mobile apparatus
700 may be configured to rotate in place about an approxi-
mate central point 725 of the mobile apparatus 700, while
being located on the stair landing 740, The central point 725
may be located on a longitudinal centerline 750 of the mobile
apparatus 700,

Typical stairs in many residential and commercial build-
ings may have a tread depth 762 of approximately nine inches
(22.9 centimeters) to twelve inches (30.5 centimeters). In
some examples, the lengths of one or more of the first section
719, the second section 720, and/or the third section 730 may
be equal to or less than the tread depth 762.

The first section 710 may have a first footprint 712 of
between five inches (12.7 centimeters) and twelve inches
(30.5 centimeters) in length. In some examples, the first foot-
print 712 may be approximately eight and a halfinches (21.6
centimeters) in length. The first section 710 additionally may
have a leading edge length 705 associated with a leading
contact surface 713, similar to leading contact surface 13 of
FIG. 1, which may be inclined with respect 1o the surface of
the stair landing 740 and/or the stair 760. The leading edge
length 705 may be between oneinch (2.5 centimeters) and six
inches (15.2 centimeters). In some examples, the leading
edge length 705 may be approximately two inches (5.1 cen-
timeters).

Typical stairs in many residential and commercial build-
ings may have a riser height of between four inches (10.2
centimeters) and eight inches (20.3 centimeters). In some
examples, a height of the first section 710 and/or the leading
contact surface 713 may be equal to or greater than the riser
height of the stair 760.

The second section 720 may have a second footprint 722 of
between five inches' (12 7 centimeters) and twelve inches
(30:5 centimeters) in length. In some examples, the second
footprint 722 may be approximately eight and a half inches
(21.6 centimeters) in fength. The third section 730 may have
a third footprint 732 of between five Inches (12.7 centimeters)
and twelve inches (30.5 centimeters) in length. In some
examples, the third footprint 732 may be approximately ten
and a half inches (26.7 centimeters) in length.

FIG. 8 illustrates a mobile apparatus 800 configured with
three articulating sections, including a first articulating sec-
tion 810, a second articulating section 820, and a third articu-
Iating section 830. The three articulating sections 810, §20,
830 may comprise two or more wheels configured as traction
devices. The first articulating section 810 may comprise a
leading traction control assembly comprising an upper wheel
812, a first wheel 814, and a second wheel 816. The upper
Wheel 812 and the ﬁ.rst wheel 814 may be inclined or posi-
tioned-at a forward angle 812, The upper wheel 812 may be
connected to the first wheel 814 by a first linkage 845. The
first wheel 814 may bé connected to the second whee] 816 by
a second linkage 855!

The second arhculatmg section 820 may comprise a sec-
ond traction control assembly comprising a first wheel 822
and a second wheel 824. The first wheel 822 may be con-
nected to the second wheel 824 by a third linkage 865. Addi-
tionally, a first connector 815 may be configured to opera-
tively couple the first'articulating section 810 to the second
articulating section 820. The first connector 815 may com-
prise one or more connecting members 830 and/or pivot
points about which the first articulating section 810 and/or the
second articulating section 820 may articulate. The first con-
nector 815 may be configured to allow the first articulating
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section 810 to articulate relative to the second articulating
section 820, for example, in response to one or more points of
contact of the first articulating section 810 coming into con-
tact with an obstacle. The first connector 815 may provide for
fexibility in movement of the mobile apparatus 800, and may
provide for a variability in angle between the first articulating
section 810 and the second articulating section 820,

The articulation of one or both of the first articulating
section 810 and the second articulating section 820 may be
controlled or moderated by one or more bias elements, such
as a first bias element 833 and/or a second bias element 837.
The bias elements 833, 837 may be configured to control an
angle of articulation between the sections 810, 820, to apply
pressure to one or more wheels to ensure proper rotation,
friction, and/or pressure points, and to absorb shock and
provide for a smooth transition between obstacles, such as

'when the mobile apparatus 800 navigates a series of stairs. In
ome examples, one or both of the first and/or second bias
clements 833, 837 may be configured 1o both dampen shock
pnd to maintain a tractive effort of the mobile apparatus 300.

The third articulating section 830 may comprise a third

he second whee] §34 by a fourth linkage 875. Additionally, a
second connector 825 may be configured to operatively
ouple the second articulating section 820 to the third articu-
ating section 830. The second connector 825 may comprise
bne or more connecting members 840 and/or pivot points
about which the second articulating section 820 and/or the
hird articulating section 830 may articulate. The second con-
nector 8§25 may be configured to allow the second articulating
section 820 to articulate relative to the third articulating sec-
ion 830, for example, in response to one or more points of
contact of the second articulating section 820 coming into
¢ontact with an obstacle. The second connector 825 may
provide for flexibility in movement of the mobile apparatus
300, and may provide for a variability in angle between the
second articulating section 820 and the third articulating sec-
tion 830.

The articulation of one or both of the second articulating
section 820 and the third articulating section 830 may be
gontrolled or moderated by one or more bias elements, such
gs a fourth bias element 843 and/or a fifth bias element 847.
he bias elements 843, 847 may be configured to control an
angle of articulation between the sections 820, 830 to apply
pressure to one or more wheels to ensure proper rotation,
friction, and/or pressure points, and to absorb shock and
provide for a smooth transition between obstacles, such as
hen the mobile apparatus 800 navigates a series of stairs. In
some examples, one or both of the third and/or fourth bias
alements 843, 847 may be configured to both dampen shock
and to maintain a tractive effort of the mobile apparatus 800,
Although FIG. 8 illustrates a right side of the mobile appa-
atus 80, it should be understood that there may be an oppo-
site, left side with corresponding traction control assemblies
similar to that described above,

The lengths, widths, heights, and angles described herein
are for illustrative purposes only. For example, the dimen-
spons associated with stairs may be associated with various
.8. and/or international standards; however, stairs and/or
other obstacles having different dimensions are also contem-

Although various examples areillustrated with one or more

ars, wheels, and/or tracks configured for locemotion, it
should be appreciated that some examples may employ any
nmbination of these elements, including the omission of one
more tracks, for example. Similarly, the number of gears
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and/or wheels is provided for illustrative purposes only, and
in some examples, fewer or more gears and/or wheels may be
used. One or more section may utilize a track, whereas
another section may utilize wheels for tractions. In one
example, a front section comprises a track as a traction
device, and two trailing sections comprise wheels for traction
devices.

The system and apparatus described above may use dedi-
cated processor systems, microcontrollers, programmable
logic devices, microprocessors, or any combination thereof,
to perform some or all of the operations described herein.
Some of the operations described above may be implemented
in software and other operations may be implemented in
hardware. One or more of the operations, processes, and/or
methods described herem may be performed by an apparatus,
a device, and/or a system substantially similar to those as
described herein and with reference to the illustrated figures.

The processing device may execute instructions or “‘code”
stored in memery. The memory may store data as well. The

processing device m}'ay include, but may not be limited to, an.

analog processor, a- di gital processor, a microprocessor, a
multi-core processor, a processor array, a network processor,
orthelike. The processing device may be part of an integrated
control system or system manager, or may be provided as a
portable electronic dévice that may be configured to interface
with a networked system, locally and/or remotely, via a wire-
less transmission.

The processor memory may be integrated together with the
processing device, for example RAM or FLASH memory
disposed within an integrated circnit m.lcroprocessor or the
like. In other examples, the memory may comprise an inde-
pendent device, such as an external disk drive, a storage array,
a portable FLASH key fob, or the like. The memory and
processing device may be operatively coupled together, orin
communication with each other, for example by an I/0 port,
a network connection, or the like, and the processing device
may read a file stored on the memory. Associated memory
may be “read only” by design (ROM) by virtue of permission
settings, or not. Other examples of memory may include, but
may not be limited to, WORM, EPROM, BEEPROM, FLASH,
or the like, which may be implemented in solid state semi-
conductor devices. Other memories may comprise moving
parts, such as a known rotating disk drive. All such memories
may be “machine-readable” and may be readable by a pro-
cessing device. '

Operating instructions or commands may be implemented
or embodied in tangible forms of stored computer sofiware
(also known as “computer program™ or “code™). Programs, or
code, may be stored in a digital memory and may be read by
the processing device: “Computer-readable storage medium”
(or alternatively, "machme-readab]e storage medium™) may
include all of the foregoing types of memory, as well as new
technologies of the future, as long as the memory may be
capable of storing digital informanon in the nature of 2 com-
puter program or other data, at least temporarily, and as long
as the stored mformatlon may be “read” by an appropriate
processing device. ’I‘he term “computer-readable” may not be
limited to the historical usage of “computer” to imply a com-
plete mainframe, mini-computer, desktop or even laptop
computer. Rather, “computer-readable™ may comprise stor-
age medium that may be readable by a processor, a processing
device; or any computing system. Such media may be any
available media that may be locally and/or remotely acces-
sible by a computer or a processor, and may inchide volatile
and non-volatile media, and removable and non-removable
media, or any combination thereof.
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A program stored in a computer-readable storage medium
may comprise a computer program product. For example, a
storage medium may be used as a convenient means to store
or transport a computer program. For the sake of convenience,
the operations may be described as various interconnected or
coupled functional blocks or diagrams. However, there may
be cases where these functional blocks or diagrams may be
equivalently aggregated into a single logic device, program or
operation with unclear boundaries.

Having described and illustrated the principles of various
examples, it should be apparent that the examples may be
modified in arrangement and detail without departing from
such principles. We claim all modifications and variations
coming within the spirit and scope of the following claims.

The invention claimed is:
1. A motorized apparatus, comprising:
a first articulating section including multiple points of con-
tact inclined at a forward angle;
a second articulating section; and
a bias assembly operatively coupling the first articulating
section to the second articulating section, wherein the
first articulating section is configured to articulate rela-
tive to the second articulating section in response to one
or more of the multiple points of contact coming into
contact with an obstacle, and wherein the bias assembly
comprises:
a first bias element configured to exert a first compres-
sion force against the first articulating section; and
asecond bias element configured to exert a second com-
pression force against the second articulating section.
2. The motorized apparatus of claim 1, wherein the bias
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assembly comprises a connector configured to provide one or
ore points of articulation associated with the first articulat-
g section and the second articulating section.

3. The motorized apparatus of claim 2, wherein the first
ias element and the second bias element are coupled to the
onnector, and wherein the first bias element is configured to
ert the first compression force in an opposite directionto an
iculation of the first articulating section.
4. The motorized apparatus of claim 1, wherein the first
ompression force is opposite in direction to an articulation of
efirst articulating section, and wherein the second compres-
ion force is opposite in direction to an articulation of the
econd articulating section.

5. The motorized apparatus of claim 1, wherein the bias
ssembly further comprises a connector, wherein the first bias
ement is coupled to the first articulation section at a first
oint, wherein both the first bias element and second bias
ement are attached to the connector at a central point, and
herein the second bias element is coupled to the second
iculation section at a second point.

6. The motorized apparatus of claim 5, wherein the first
ias element and the second bias element are arranged to form
obtuse angle comprising the first point, the central point,
d the second point.

7. The motorized apparatus of claim 1, wherein the first
iculating section is configured to articulate in a downward
ection while the second ariiculating section is traveling
over relatively flat ground, and wherein the first bias element
i§ configured to exert the first compression force in the down-
ard direction.

8. The motorized apparatus of claim 7, wherein the bias
assembly further comprises a shock absorber coupled to the
t articulating section, and wherein the shock absorber is
cenfigured to dampen ashock due to anarticulation of the first
iculating section in the downward direction.
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9. The motorized apparatus of claim 1, wherein the first
compression force exerted by the first hias element comprises
a continuous force exerted against the first articulating sec-
tion, '

10. A motorized apparatus comprising;

afirstarticulating section including multiple points of con-
tact inclined at a forward angle;

a second articulating section; and

a first bias assembly operatively coupling the first articu-
lating section to the second articulating section, wherein
the first articulating section is configured to articulate
relative to the second articulating section in response to
one or more of the multiple points of contact coming into
contact with an obstacle, and wherein the first bias
assembly is configured to exert a first spring force
againstat least oneofthe first articulating section and the
second articulating section;

a third articulating section, wherein the third articulating
section is configured to articulate relative to the second
articulating section; and

a second bias assembly operatively coupling the third
articulating section to the second articulating section,
wherein the second bias assembly is configured to exert
a second spring force against at least one of the second
articulating section and the third articulating section.

11. The motorized apparatus of claim 10, wherein the
second bias assembly comprises:

a connector configured to provide one or more points of

articulation assdciated with the second articulating see-
tion and the third articulating section;

a first bias element configured to exert the second spring
force against the second articulating section; and

a second bias element configured to exert a third spring
Jorce against the third articulating section.

12. The motorized apparatus of claim 11, wherein the
second spring force is opposite in direction to an articulation
of the second articulating section, and wherein the third
spring force is opposite in direction to an articulation of the
third articulating section.

13. A motorized apparatus, comprising:

a first articulating section;

a second articulating section;

a connector operatively coupling the first articulating sec-

tion to the second articulating section;

a first bias element operatively coupled between the first
articulating section and the connector and configured to
exert a first compression force against the first articulat-
ing section; and |

a second bias element operatively coupled between the
second articulating section and the connector and con-
figured to exert a second compression force against the
second articulating section.

14. The motorized vehicle of claim 13, wherein the first

articulating section comprises multiple points of contact
inclined at a forward al.ng]e, and wherein the first articulating
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section is configured to articulate relative to the second articu-
lating section inresponse to one or more of the multiple points
of contact coming into contact with an obstacle.

15. The motorized vehicle of claim 14, wherein the first
compression force is exerted in a direction which is substan-
tially opposite to a direction of articulation associated with
the first articulating section, and wherein the second compres-
sion force is exerted in a direction which is substantially
opposite to a direction of articulation associated with the
second articulating section.

16. The motorized vehicle of claim 13, wherein the first
compression force is continuously exerted against the first
articulating section, and wherein the second compression
force is continuously exerted against the second articulating
section.

17. The motorized vehicle of claim 13, wherein both the
first bias element and the second bias element are operatively
coupled to the connector at a commeon point of connection.

18. A motorized apparatus, comprising:

a first articulating section, wherein the first articulating
section comprises multiple points of contact inclined at
a forward angle;

a second articulating section;

means for coupling, wherein the means for coupling
couples the first articulating section to the second articu-
lating section, wherein the first articulating section is
configured to articulate relative to the second articulat-
ing section in response to one or more of the multiple
points of contact coming into contact with an obstacle;

first means for exerting a first spring force against the first
articulating section, wherein the first means for exerting
is operatively coupled between the means for coupling
and the first articulating section; and

second means for exerting a second spring force against the
second articulating section, wherein the second means
for exerting is operatively coupled between the means
for coupling and the second articulating section.

19. The motorized apparatus of claim 18, wherein the first
means for exerting comprises means for exerting the first

ring force in a direction which is substantially opposite to a
irection of articulation associated with the first articulating
tion, and wherein the second means for exerting comprises
eans for exerting the second spring force in a direction
hich is substantially opposite to a direction of articulation
sociated with the second articulating section.

20. The motorized apparatus of claim 19, wherein the first
eans for exerting comprises means for continuously exert-
g the first spring force against the first articvlating section,

d wherein the second means for exerting comprises means
fior continvously exerting the second spring force against the
econd articulating section.
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Georgetown, Texas 78626 (512) 943-3663 |

www.wilco.org/purchasing J
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NQTARIZED SOLE-SOURCE PURCHASE AFFIDAVIT

STATE OF TEXAS |
COUNTY OF WILLIAMSON

KNOW ALL MEli‘I BY THESE PRESENTS THAT}

Before me, the undersngned authority duly authorized o take acknowledgments and administer oaths, on
‘this day personally;appeared g“ , who after being duly sworn on oath stated
the followmg i |

My name is . Mytitleis DI re Aoy O’IE Sﬂl?[ ;

I am aware that the lliamson County Purchasmg Department is required to comply with competmve‘
bidding requirements of' Chapter 262 of the Texas Locgl Government Code. I am aware that the statutory
‘competitive bidding provisions do not apply to the purchase of an item that can be obtained from only lone
source. See, Texas 'Local Government Code section 262.003.

Sole-source items mclude
Items for which competition is precluded because pf the existence of patents, copyrights, secret
processes, or| monopolies, films, manuseripts, or books, electric power, gas, water, and other utility :
sefvices, and captive replacement parts or components for equipment. t

|

I have represented to the Purchasing Department of Williamson County and I hereby warrant that as of

the date below, I am the sole-source supplier of the folldwing item: 7 T : : '}-
I am the sole-source supplier of this item bccauT:: Z?A : o '
1 velonn I'agree that if | ever cease béing

the solessource supglidr of this item, I shall 1mmedLately make a full disclosure in writing to the

Williamson County Purchasing Department of all relevant facts and circumstances. j

1

IN WITNESS WHEREOF the undersigned has ¢xecuted this Affidavit on the G n dax of
Y. 2020 r

t

L
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0[81gnatur : V [Printed Name] [Title]
1

SWORN TO AND SUB BED  before | me on . 20__, by

[Printed Narfne] . /
1

P,

: — Wure] Notary Public
T W State of

Netary Cetlificate attached/aflixed pursuant My Comnission exP'TM__
1 CACivil Code § 1189
ﬁCA Bovemment Code § 8202
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| vahdlty of that document.

| State _qf California
County of &3 Faiag s

= *Subscnbed and sworn to {(or affirmed)
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SHERIFE

Tim Ryle | g~ Roy Fikac
Chief Deputy RO be l't C h 0 d y Asst. Chief Deputy — Law Enforcement
WILLIAMSON COUNTY SHERIFF

Randolph Doyer

508 South Rock Street Asst. Chief Deputy - Corrections

Georgetown, Texas 78626
Phone (512) 943-1300 Fax (512) 943-1393

To: Williamson County Purchasing

From: Sheriff Robert Chody l/
Subject: Sole Source Purchase Va ntageﬁctic,al Robot
Date: June 15, 2018

I am writing this in support and recommendation of purchasing the Transcend Tactical Robot. This
advanced robotic company holds two patents regarding the ability to navigate stairs and other
complicated obstacles. This robot is capable of carrying 250 pounds and dragging over 400 pounds
providing the Sheriff’s office the ability to rescue downed officers or citizens in highly dangerous
environments without placing deputies at risk. It has a thermal camera providing the operator the
ability to see not only in the dark but also in an environment such as heavy smoke to better find victims
or suspects. Additionally, this robot will greatly increase the ability of our tactical team to more safely
respond to critical incidents and bring them to a safe conclusion. This robot is completely end-user
serviceable, providing a huge long-range cost savings. There simply no other tactical robot
manufactured today that has the abilities of the Vantage Tactical.

| truly believe this robot will be a great asset to Williamson County and the citizens depending on us to

come to their aid.

As to competitively bidding the product, this is brand new technology, a unique tool and currently the
only one of its kind, therefore putting it out for bid wLuId be futile. There is no other similar system for

comparison pricing. | feel the crime solving capabilities are well worth the price.
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