
EXOForce Robotics
Building a Better Outer You



To develop artificially intelligent 

soft-robotic ‘fabric’ exoskeletons that augment 
human performance and prevent injury

VISIONVISION



PROBLEMPROBLEM INJURIES
Soft tissue and overuse injuries pose a major challenge 
in professional and consumer athletics

Technologies that provide better biometrics to enhance training, boost performance, and prevent injuries 
are desired by athletes, their trainers and health conscious consumers



ECG/EKG: electrocardiogram; EEG: electroencephalography; SpO2: oxygen saturation; and BP: blood pressure

PERFORMANCE FABRIC
High quality, comfortable, machine 

washable, sweat wicking, stretch 
athletic textile

EMBEDDED SENSORS
EMG sensors to provide 

biomechanical (muscle behavior) 
attributes

ADAPTABLE FUNCTIONALITY
ECG/EKG, EEG, SpO2, Respiration, 
BP, Pulse, Vascular Resistance, 
Cardiac Output, Temperature, 
Bioimpedance, and Galvanic skin 
response 

CONNECTED
Wireless communication using smart 
electronics located inside a splash-
proof housing

SMART
Incorporated AI/machine learning to 

tailor performance metrics to the 
wearer

INTEGRATED
Inertial sensors and GPS measure 
wearer movement & interaction with 
their environment

SOLUTION WEARABLE SENSING GARMENTS
An Unprecedented Opportunity to Improve Performance 
and Prevent Injuries



§ Machine washability
§ Reusability
§ Minimal preparation
§ No messy gels
§ No extraneous wiring

TEXTILE FEATURES

TECHNOLOGY A MAJOR LEAP IN SENSING TECHNOLOGY
Embedded Reusable Electrodes Yield Optimal Signal-
to-Noise Ratio (SNR) for Muscle and Other Biometrics



COLLECT DATA
Torque (How much)
Velocity (How Fast)
% Maximum Effort (How Far)

ANALYZE
Machine Learning to provide 
personalized readouts and distill 
collective user intelligence

LEARN
Data Interface with a Cloud 
server/Smartphone app for 
enhanced decision making

BIOMETRICSBIOMETRICS PERSONALIZED TO THE WEARER
AI/Machine Learning algorithms tailor biometric 
readouts to the athlete (and the market)



IMPACT

TO THE ATHLETE TO THE TRAINER

IMPACT

Safety Alerts for Injury Prevention

Whole-Body Biomechanics

Comprehensive Biometrics

Performance Quantification



Company Athos EXOForce
Robotics

Wearable Type Garment Strap/Watch Wearable 
Adapter Garment

Muscle Activity

Position and Velocity

Conventional Biometrics 
(Heart Rate, Pulse etc.)

Galvanic Skin Response

AI/ML

Sense and Intervene

COMPETITION

❌ ❌

*

❌

❌

❌

❌

❌ ❌

❌

❌ ❌

❌

❌

* Easily integrated
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CURRENT AND FUTURE 
TECHNOLOGIES

Advanced ‘fabric-like’ materials

*
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Fig. 1. A soft snake robot prototype developed in this work.

Fig. 2. Pneumatic actuator (modular section) of the robot body.

Fig. 3. Different bending modes of the actuators constitute a spatial serpentine
wave.

behavior of the snake robot are discussed. Finally, concluding
remarks are provided in Section VI.

II. DESIGN AND FABRICATION OF THE SNAKE ROBOT

A. Robot Body Design

As a potential sensing platform for complex and constrained
environments, the snake robot proposed in this paper has a
simple and compact structure made of soft material. There are
no rigid joints on the robot, minimizing the risk of failure. Also,
without tubing on the sides of the body, the simple shape of the
snake robot makes it easy to traverse a constrained environment.

The body of the soft snake, as illustrated by a prototype in
Fig. 1, consists of multiple modular sections connected together
(6 in the example here). Each section is a pneumatic bending
actuator. The bending actuators share the same structure in
general, but differ on the internal routing of air pathways.

For each pneumatic bending actuator, there are four separate
air chambers and they are located on two sides of the robot’s
body, as shown in Fig. 2. The soft bellow surfaces of the snake
body are used to amplify the deformation magnitude of the
bending actuator and to improve the contact between the snake
and complex working environments.

The four air chambers enable the actuator to have four dif-
ferent bending modes in the Z direction when different pairs of
chambers are pressurized. The shapes of these bending modes
are illustrated in Fig. 3. In particular, the actuator will bend in
modes A and C when the chambers 1, 2 and chambers 3, 4 are
actuated, respectively, and it will deform in modes B and D when
chambers 1, 4 and chambers 2, 3 are actuated, respectively. This

Fig. 4. One period of the snake robot’s body.

TABLE I
CONNECTION BETWEEN AIR PATHS AND CHAMBERS IN DIFFERENT

ACTUATORS IN ONE PERIOD OF THE ROBOT BODY

design provides the basis for the traveling-wave generation in
the spatial domain, because the four bending modes comprise
one period of the serpentine wave, as shown in Fig. 3. The robot
is comprised of the modular actuators linked together, with the
corresponding air pathways designed such that modes A - D
are concatenated as illustrated in Fig. 3. The robot can be made
longer by adding modules, as long as the periodic sequencing
of modes A - D is preserved. In this work, a robot consisting of
six bending actuator modules is considered, to maintain at least
two points of contact with the environment at any given time.

B. Pneumatic System Design

Different from previous works on soft snake robots, only four
air paths are required in the proposed robot for the control
of all the air chambers of the robot, regardless of the total
number of bending actuator modules. This is important since
it significantly reduces the complexity of hardware (valving,
tubing) and control.

To prevent external tubing from interfering with the move-
ment of the snake robot (especially in a constrained environ-
ment) and to minimize the total size of the robot, the air paths
are designed to stay inside the snake body, as shown in Fig. 2.
The four air paths are connected to the pneumatic source via
tubing on the last bending actuator (the tail of the robot). The
chambers and air paths are connected through several windows,
which is the only difference between the four types of actuators,
as shown in Fig. 2. Each air pathway is connected to one and
only one of the chambers in each actuator.

The actuators in the snake body are classified into four types
which are denoted as 1st, 2nd, 3rd, 4th in order, as shown in
Fig. 4, and they constitute one period of the snake body. The
linkage relationships between the air paths and the chambers in
different types of actuators are shown in Table I.

A sinusoidal traveling-wave equation, which is used to ap-
proximate the movement of the robot, is characterized by:

z = A sin(!t+ kx) (1)

which can be decomposed into the space domain and the time
domain, separately:

!
z = A sin(!t+ "1), when x is fixed

z = A sin(kx+ "2), when t is fixed
(2)

To illustrate the effect of the pneumatic system design of the
robot, the snake robot’s body configuration is studied discretely
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Soft actuators to enable motion
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to the previous electrodes in order to form a crossbar capac-
itor array. Also, this layer of patterned PEDOT:PSS electrodes 
should be aligned with the air gap channels in the substrate so 
that the electrodes could conform with the deformation of the 
diaphragms in case of cracking.

2.2. Characterization of the Single-Pixel Sensors

The effect of the air gap channel geometry on the performance 
of the single-pixel sensors is investigated. The devices are char-
acterized by measuring the relative change in capacitance as a 
function of pressure (!C/C0 vs P) and the results are shown 
in Figure 2. Figure 2a presents the structure of the single-pixel 
sensor with height (H), width (W), and the number (N) of the air 
gap channels labeled in the figure. Six groups of air gap param-
eters have been selected, three devices have been fabricated for 
each configuration (see Figure S1 in the Supporting Informa-
tion for sample sensors) and three rounds of measurements 

have been taken for each device to obtain the average response 
performance (see Figure S2 for experimental setups in the Sup-
porting Information). The error bar in Figure 2a represents the 
standard error of the mean for each group of testing points. As 
shown in Figure 2b and Figure S3 (Supporting Information), all 
five configurations respond similarly to positive pressure and 
exhibit a monotonic increase in relative change in capacitance 
with increasing pressure. The pressure response also increases 
with increasing air gap size, reaching a maximum !C/C0 value 
of 4.01%, 6.15%, 7.16%, 8.10%, 9.48% at a positive pressure 
of 20 kPa, for the sensors without air gap, and with air gap of 
dimensions H = 0.3 mm and W = 1.2 mm, H = 0.5 mm and 
W = 1.2 mm, H = 0.5 mm and W = 1.6 mm, and H = 0.5 mm 
and W = 2.0 mm, respectively.

For sensing a negative pressure, the importance of having 
an air gap channel in the dielectric layer becomes evident as 
the sensor without an air gap channel fails to respond prop-
erly and exhibits negligible capacitance change as the pressure 
changes between 0 and "30 kPa. The slight increase of !C/C0 
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Figure 1. a) Schematic illustration of the soft capacitive pressure sensor array with air gap channels and conductive polymer PEDOT:PSS electrodes. 
b) Optical micrograph (top) and SEM image (bottom) of the screen-printed PEDOT:PSS film with a feature thickness of #200 µm. The PEDOT:PSS 
contains 10:1 wt% bis(trifluoromethane)sulfonimide lithium salt as stretchability and electrical conductivity enhancer. Scale bars: 20 and 2 µm, 
respectively. c) Photograph of a 12 $ 12 capacitive pressure sensor array. Scale bar: 1 cm. d) Schematic illustrating the fabrication procedures of the 
soft capacitive pressure sensor array.

Soft wearable sensor arrays

*

Flexible batteries

**

Artificial Intelligence/Machine Learning (AI/ML)

***

Biometrics/Data Analytics

#

IP
IP INCLUDES 3 PATENTS AND 1 AI/ML SOFTWARE
Licensed from Johns Hopkins Applied Physics  Laboratory (JHU-APL) 
and Michigan State University (MSU)



GARMENTS THAT SENSE AND INTERVENE
Anticipated in 2023

TUNABLE BIOMECHANICS
Stiffen to stabilize weak or fatigued muscles
Add resistance to power muscles and enhance workouts
Exercise while living

SEAMLESS POWER INTEGRATION 
Soft flexible batteries integrated into garments
Energy harvesting 

INSTANTANEOUS INTELLIGENT RESPONSES
Robotic control systems to coordinate suit intervention
AI/ML to personalize suit to the wearer
Distill collective learning and user intelligence

NEXT-GEN

FUTURE TECH (MILITARY MARKETS)
Physical and cognitive enhancement (HEO program)
Friendly versus foe differentiation
Camouflage and bullet proof composites  



Christopher Contag, PhD  (Scientific Advisor) 
§ Director, Institute for Quantitative Health 

Science & Engineering (IQ) at MSU;
§ Professor emeritus at Stanford University;
§ Co-founded Xenogen., BioEclipse & 

PixelGear; Inventions have achieved ~$1.5 
billion in sales;

Anna Moore, PhD (Scientific Advisor)
§ Director of Precision Health Program at MSU;
§ Previously Professor of Molecular Imaging at

Harvard Medical School;
§ Co-founded TransCode Therapeutics;

**Currently assembling an SAB to reflect leadership in the athletics, medical and military markets

CDR (ret) Jason Turse (Warfighter Projects)
§ US Navy Tactical Intelligence Officer
§ Director, Cyber, Intel and Command & Control 

Systems, Department of Defense
§ Led technology programs supporting Special 

Forces within SOCOM

Leslie Ladd Kime (Professional Athletics)
§ Strategic Consultant for the Southeastern 

Conference Football (NCAA);
§ 8 years with the Jacksonville Jaguars (NFL);
§ Expertise in team strategy, improvement and 

technology development;

Ron Turko (Business Development)
§Founder/Advisor to several tech, digital health 

and life science startups;
§25 years concurrent Wall Street and International 

Affairs/Development work (IFC);
§Experience in finance, entrepreneurship & VC;

Founders Advisors
Vivek Shinde Patil, PhD (CEO)
§ 15+ years in the global life sciences industry;
§ Entrepreneurial experience leading startups, 

fundraising and managing global teams;
§ Co-founded Intelliphage and Lucerna Bio;
§ Board Member, Bioqual Inc. (BIOQ)

TEAM



§ TRANSITION PROTOTYPE TO MVP
§ LEVERAGE PARTNERSHIPS
§ COLLECT DATA
§ POSITION FOR PRODUCTION
§ R&D* 

SEED CAPITAL ($1MM)
§ BUILD COMPANY INFRASTRUCTURE
§ MARKET & DEVELOP BRAND
§ SCALE
§ ACCESS NEW MARKETS
§ R&D* 

SERIES A ($3 MM)

INVESTMENT PLAN

* R&D supplemented by non-dilutive grant funding (NSF and DARPA)



FINANCIALS



$4 MM

INVESTMENT

§ Seed Round: $1 MM (2021)

§ Series A: $3 MM (2022)

MARKET PENETRATION

§ Athletics and Military

§ Medical market not included

CONSUMER
WELLNESS
(0.5% market) PRO SPORTS

(7300 suits)

MILITARY
(1200 suits)

$102 MM
REVENUES BY 2025

FINANCIALS



ACQUISITION DATA PLAY IPO

A Standalone Athletics 
Military and Medical 
Robotics Company 

EXOForce Robotics Inc.
Building a Better Outer You

EXIT



§ TEAM
Highly credentialed and networked team of founder and advisors

§ TECHNOLOGY
Groundbreaking soft-robotic, wearable sensing garments

§ TIMING
Tectonic market movements in performance, biometrics & wearables

§ TRACTION
Strong partnership commitments from JHU, MSU R&D & Athletics

WHY US?



THANK YOU

For more information, please contact:

Vivek R. Shinde Patil, PhD
Email: vshindepatil@gmail.com

Phone: 510-387-3857

mailto:vshindepatil@gmail.com


BACKUP SLIDES



Athletics:  Pro/NCAA Military Consumer Wellness Medical
• ~150+ US football teams with 50 

players on the roster: 7500 
players

• ~250+ US baseball teams with 
30 players on the roster : 7500 
players

• ~750+ US soccer teams with 11 
players on the roster: 7500 
players

• Including other major US sports 
~100,000 athletes, several 
hundred thousand globally

§ By 2027, ~50,000 total suits;
§ Approximate annual cost of 

ownership: $1000 suit, $500 
subscription cost

§ Example investment per NFL 
team ~$2000 per player/year

• ~20,000 Special 
Operations Forces 
distributed across all 
service branches 
(Army, Navy, Air 
Force and Marine 
Corps)

§ By 2027, ~10,000 
total suits;

§ Approximate annual 
cost of ownership 
per warfighter: 
$2000 suit, $500 
subscription cost

• ~270 million Americans 
over the age of 15

• Several reputable studies 
report 19-51% of adults 
exercise ≥3x per week

• Our total market expected 
is ~54 million Americans 
(20% of 270 million)

§ Approximate annual cost 
of ownership: $250 suit, 
$60 subscription cost

§ We project reaching 
nearly 1% (540,000) of 
the total consumer 
wellness market  by 2027. 
~ $160 million ($130 
million in suit & $30 million 
in subscription revenues). 

*TBD

MARKET 
ASSUMPTIONS



Market Product 2021 2022 2023 2024 2025 2026 2027

Pro/NCAA Athletics Exosuits $0 $960,000 $3,960,000 $5,800,000 $7,160,000 $12,360,000 $21,000,000

Assumptions Suit priced at $1000 per suit 1700 new suits 
across 40 teams 

4000 new suits 
across 96 teams 
(football baseball 

and soccer)

5800 new suits across 
140 teams (football 

baseball and soccer)

7300 new suits across 
180 teams: football, 
baseball soccer and 

others

11000 new suits 
across different 

sports

20,000 new suits across 
different sports

Military Exosuits $0 $0 $0 $900,000 $2,400,000 $6,000,000 $12,000,000

Assumptions Suit priced at $2000 per suit 400 new suits (test 
program@ SOCOM)

1200 new suits at 
SOCOM

3000 new suits at 
SOCOM

6000 new suits at 
SOCOM

Athletics & Military Data analytics platform $0 $190,500 $1,791,000 $4,879,500 $9,379,000 $16,476,000 $29,259,000

Assumptions  Priced at $50/month/user Approx. 1700 total 
subcribers

Approx. 6000 total 
subcribers

Approx. 12,000 total 
subscribers

Approx. 20,000 total 
subscribers

Approx. 36,000 total 
subscribers

Approx. 62,000 total 
subscribers

Consumer Health/Wellness Exosuits w analytics platform $0 $0 $7,500,000 $30,000,000 $83,400,000 $120,000,000 $156,000,000

Assumptions Suit pricing ~$250 with                            
$5 month/user subscription

Approx. 0.05% of the 
consumer athletics 

market

Approx. 0.2% of the 
consumer athletics 

market

Approx. 0.5% of the 
consumer athletics 

market

Approx. 0.75% of the 
consumer athletics 

market

Approx. 1% of the 
consumer athletics 

market

Medical Exosuits w analytics platform

TBD TBD

TOTAL REVENUES $0 $1,150,500 $13,251,000 $41,579,500 $102,339,000 $154,836,000 $218,259,000

REVENUE 
BREAKDOWN



Operational Goals and Timeline 2026/2027
Q3

Fundraising (Seed Round) of $ 1 million

1st Generation Suit (Sense) Prototype to MVP
Testing at Customer Sites (Early Adopters)

Next Gen Suit R&D (Sense and Intervene)

Fundraising (Series A): $3 million

Develop internal infrastructure (site, personnel)

Scale Production and Sales of 1st Generation Suit

Next Generation EXO Smart Trainer suit prototype 
Testing at Customer Sites (Early Adopters)

Expand internal infrastructure (personnel, manufacturing)

Scale Production and Distribution of Suits

R&D for military suits/new markets
Initial deployment/testing of EXO Smart Gear Suits

Business Expansion (New markets, full military deployment

Q1
2021 2022

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q2 Q3 Q4 Q1
2023

Q1
2024

Q4Q2 Q2 Q3 Q4
2025

Q1

TIMELINE



Convertible Note
§ Maturity: 24 months
§ Interest Rate: 5%
§ Discount rate: 20%
§ Valuation Cap: available upon discussion

Planned Capital Raises
§ Seed Round: Up to $1 million (Q1, 2021)
§ Series A: $3 million (Q2, 2022)

INVESTMENT 
DETAILS


