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1 Executive Summary 

Technological advancements in electronics integration and miniaturization along with 
materials science have inspired a transformational environmental observing system known as 
GlobalSense. The system features an ensemble of completely disposable, airborne probes, 
mechanisms to deploy probes, and receiver platforms to gather data from probes. The ultra-
compact probes, called environmental Motes or eMotes, will function as passive drifters in the 
atmosphere using no active propulsion or flight. 

This final report summarizes work performed for the National Oceanic and Atmospheric 
Administration (NOAA) Small Business Innovation Research (SBIR) Phase I project entitled 
“GlobalSense: A New Atmospheric Observing System Featuring Innovative Airborne Probes”. 
The project spanned six months from 11 September 2015 through 13 March 2016. The Phase I 
objective was to design and simulate all elements of the GlobalSense system. 

Commercial modeling and design software were used to optimize eMote mechanical and 
electrical architecture based on functional specifications. The optimal eMote form factor was 
determined with a set of computational fluid dynamics simulations from shapes that incorporate 
features found in naturally dispersive seeds. The resulting form factor provided the template for 
electrical design and layout using a combination of commercial-off-the-shelf (COTS) and 
custom components. 

The GlobalSense receiver platform design leverages COTS components and “plug-and-play” 
architectures to minimize both the time and costs for manufacturing and assembly. In order to 
support multiple eMotes operating at the same time and geospatial region, a number of 
communications protocols will be leveraged to ensure data reliability. 

Two design pathways for eMote deployment mechanisms considered the prototype 
demonstration as well as operational systems. The Phase I efforts focused on a pod or canister 
design that will carry eMotes to pre-defined altitudes using balloons or drones. The canister 
concept is a compact, lightweight, and cost-effective solution that can be developed in Phase II 
using mainly COTS components with some custom packaging. 

Overall, the GlobalSense concept is deemed technically feasible based on the Phase I project 
results that include a complete set of specifications, design documents, component lists, and bill 
of materials for prototype system development and testing in Phase II, as well as roadmaps and 
cost estimates for commercialization beyond Phase II. A successful prototype demonstration by 
the end of Phase II represents a critical milestone that must be met for GlobalSense 
commercialization. 

The raw data from and/or products derived using a GlobalSense system can benefit a wide 
range of applications with sensitivity to atmospheric conditions. The ultimate value proposition 
for weather applications is improved forecasting that translates directly to economic and social 
benefits for a multitude of weather-sensitive sectors of the global economy including energy, 
transportation, agriculture, construction, insurance, and tourism. A GlobalSense system will have 
much broader commercial potential by measuring parameters of interest for air quality, 
greenhouse gas (climate change), surveillance, reconnaissance, and related applications. 
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2 Introduction 

Mano Nanotechnologies, Inc. (MNI) plans to commercialize a new sensing system, known as 
“GlobalSense”, which will revolutionize the gathering of in situ environmental data. The 
GlobalSense system can benefit a wide range of applications with sensitivity to atmospheric 
conditions including but certainly not limited to energy, transportation, agriculture, construction, 
insurance, and tourism. The initial focus is on improving weather analysis and forecasting by 
greatly expanding the time and space density of critical weather parameters such as temperature, 
pressure, wind velocity, and humidity throughout as much of the relevant atmospheric volume as 
possible. 

Data from a GlobalSense system can also provide calibration and validation for space-based 
remote sensing of winds using lidar (Reitebuch et al. 2009) and carbon dioxide or other trace 
gases (Crisp et al. 2008; Wunch et al. 2010). This capability would extend the commercial 
potential to applications involving air quality and greenhouse gas initiatives relating to global 
climate change. 

A GlobalSense system can have much broader impacts beyond traditional weather 
forecasting by measuring acoustic, magnetic, chemical, nuclear, or other parameters of interest 
for surveillance, reconnaissance, and related applications. The GlobalSense system innovation is 
based on the continuing trend for ubiquitous sensing (O’Grady et al. 2007) and “smart dust” 
(New York Times 2010) also known as the “Internet-of-Things” (IoT; Chui et al. 2010) – 
extremely large numbers of disposable, low-cost electronic devices that measure various 
parameters and communicate that data in different formats and frequencies for many 
applications. 

The GlobalSense system features an ensemble of completely disposable airborne probes, 
mechanisms to deploy probes, and receiver platforms to gather data from probes (Fig. 2.1). The 
ultra-compact probes called environmental Motes (eMotes) will integrate micro- and 
nanotechnology-based components to provide low cost, wireless sensing capability and will 
function as passive drifters using no active propulsion or flight. eMotes will transmit ultra-low 
power signals in one of the industrial, scientific, and medical (ISM) radio bands to avoid 
expensive licensing requirements. The receiver platforms will contain hardware and software to 
decode data packets from multiple eMotes within range and store or retransmit the information to 
other locations. 

The eMote design exploits component miniaturization as well as integration to minimize 
complexity, cost, size, mass, fall speed or terminal velocity (Vt), and power consumption. 
GlobalSense eMotes are being designed to remain airborne and make measurements for hours or 
longer depending on atmospheric conditions and release altitude. Given a nonzero Vt, eMotes 
can make more measurements if deployed at high altitudes using aircraft or balloons. 

This final report summarizes the National Oceanic and Atmospheric Administration (NOAA) 
Small Business Innovation Research (SBIR) Phase I project entitled “GlobalSense: A New 
Atmospheric Observing System Featuring Innovative Airborne Probes”. The Phase I project 
covered a six-month period from 11 September 2015 – 13 March 2016. 
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The Phase I project objective was to design and simulate all elements of the GlobalSense 
system. Component and system design including optimization of electronic and mechanical 
layouts provides the foundation for prototype development in a Phase II project. Project work 
was divided into three main tasks that focused on the design of eMote electrical and mechanical 
prototypes (Tasks 1.1 and 1.2), communication system (Task 2), and deployment mechanisms 
(Task 3). 

  
Fig. 2.1. GlobalSense system concept showing all components in panel (a) and expanded eMote 
view (b) with layout for sensors, batteries, and other parts discussed in the text. eMotes in panel 
(a) are shown with green shading for contrast whereas the actual color is more representative of 
the panel (b) inset. 

The report is organized into sections covering the work carried out and results obtained for 
each task. The results presented in Sections 3-5 demonstrate that the project objective was met 
successfully both at the component and system level. The report concludes in Section 6 with 
estimates of technical feasibility, expected results at the end of a Phase II project, and a brief 
discussion of how the system will be commercialized. 

Baseline functional specifications for the GlobalSense system were developed as part of a 
National Science Foundation Phase I SBIR project (NSF-P1; Manobianco 2013). The 
specifications were revised during the initial part of the NOAA Phase I SBIR project to guide the 
design and optimization tasks. Except for select quantities such as measurement type and 
communication power, the remaining specifications are broken out for prototype versus eMote 
products (Table 2.1). This distinction reflects realistic targets for eMote prototypes planned for 
developed during a Phase II project using mainly commercial-off-the-shelf (COTS) technologies. 
Such an approach follows the design roadmap resulting from Phase I while maximizing the 
chances for a successful system demonstration that must include fully functional eMotes at the 
conclusion of Phase II. 

The more aggressive eMote mass, size, and other distinct product specifications will be 
pursued during commercialization beyond Phase II. The results presented in Sections 3-5 
reference and discuss both the prototype and product eMote functional specifications as part of 

(a) (b) 
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the work carried out on the overall system design during the Phase I project. It is important to 
note that the ultimate product specifications may be application-dependent and adjusted based on 
customer requirements. Fortunately, the GlobalSense system design is modular and interoperable 
to enable such flexibility in satisfying such requirements across a broad range of applications 
with minimal additional investments in time and money. 

 
Table 2.1. eMote functional specifications for prototypes and commercial products. 

Specification Prototype (Phase II) Product (post Phase II) 
Size (cm) 5–10 1–5 
Mass (gm) 5–10 1–5 

Terminal velocity (Vt; m s-1) 4–6 1–4 
Communication power 20 dB 

Measurements *T, P, RH, V, position (x, y, z) 
Measurement accuracy (RH, T, V, pos) 2%; ±0.25° C; 1 m s-1, 25 m 

Dynamic operating range (RH, P, V) 0–100%; 100–1000 hPa, < 150 m/s 
Measurement accuracy (P) 5 hPa 1 hPa 

Dynamic operating range (T) -40 – 125o C -70 – 125° C 
Measurement frequency (min) ≤ 5 ≤ 1 

Deployment Balloons, drones Balloons, drones, aircraft 
Operation time (hours) 1–6 24 

*T = temperature, P= pressure, RH= relative humidity, V=velocity 

At the completion of NSF-P1, the overall GlobalSense system was roughly at a technology 
readiness level (TRL) of 2 meaning the concept and applications had been formulated. The 
GlobalSense TRL increased from 2 to 3 during the course of the NOAA Phase I SBIR project 
with emphasis on analytical critical function and characteristic proof-of-concept. The current 
project did not represent essentially equivalent work since none of the design or optimization 
tasks was performed by Manobianco (2013). 

A follow-on NOAA Phase II SBIR project will increase the TRL from the 3 to 6 resulting in 
GlobalSense system prototypes that can be demonstrated in a relevant environment such as the 
atmosphere. Beyond the NOAA Phase I and II SBIR contracts, other resources inside and outside 
of NOAA will be sought to focus on prototype eMote deployment from aircraft for specific 
applications (e.g. severe local storms, hurricanes), thereby raising the TRL from 6 to 7 (i.e. 
system demonstration in an operational environment). Additional support will then be pursued to 
develop operational capability increasing the TRL from 7 to 9. Table 2.2 provides a summary of 
past and planned research and development in relationship to advancing the GlobalSense system 
TRL. 

 
Table 2.2. GlobalSense TRL summary by project at completion. 

Project Status TRL 
NSF Phase I SBIR Completed 2 
NSF Phase II SBIR Not Awarded - 
NOAA Phase I SBIR Completed 3 
NOAA Phase II SBIR Contingent 6 
Follow On (NOAA & Other) Contingent 7-9 
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3 eMote Design 

eMote electronics design was conducted using software tools from Cadence, CadSoft, 
Keysight Technologies, and Ansys. The eMote design is generally modular to minimize risks 
from parts obsolescence and achieve interoperability, so that components can be added and/or 
substituted depending on different application requirements. A standards-based approach was 
used to leverage existing communications and control protocols such as inter-integrated circuit 
(I2C), serial peripheral interface, and universal asynchronous receiver/transmitter. 

The schematic capture of eMote electronics was straightforward; however, the physical 
layout was much more challenging given the mechanical design constraints. Much of the 
electrical design task focused on the component layout based on feedback from the mechanical 
design. This section summarizes work performed for both the electrical and mechanical design 
tasks in the Phase I project. 

3.1 Electrical Components (Task 1.1) 

The eMotes will need to be self-powered devices that collect sensor measurements and 
transmit these data packets to a base station. Each eMote requires sensors, microprocessor unit 
(MPU), radio frequency transmitter, power source, antenna, GPS receiver, interface electronics, 
and packaging. Micro sensors will be used to measure ambient T, RH, P, and velocity. The 
eMotes will transmit data in the 902- to 928-MHz ISM band which has been set aside by the 
Federal Communications Commission (FCC) for low-power unlicensed use. 

3.1.1 Hardware 

The eMote hardware design focused on the selection of appropriate sensors along with the 
determination of an acceptable sample rate and power budget. For sensors, small energy efficient 
devices were chosen to minimize mass and maximize the amount of time eMotes can collect data 
given a fixed power source. The eMote components including size, mass, and cost are 
summarized in Table 3.1.  

 
Table 3.1. Selected eMote components with cost, size, and mass attributes. 

Component Model Number Cost ($)* Size (cm) Mass (gm) 
Microcontroller CC430F5137 4.81 0.7 x 0.7 0.15 
T, RH SHT25 9.31 0.3 x 0.3 0.03 
T, P MS5803-01BA07 16.65 0.6 x 0.6 0.35 
GPS module MAX-M8Q 16.67 1.0 x 1.0 0.60 
Battery Panasonic PR5H 0.50 0.6 (dia) x 0.2 0.20 
Passives@ N/A 3.00 Variable 0.10 
Antennas# Custom Design N/A Integrated in PCB N/A 
Packaging! N/A 249.00 Variable 6.17 
TOTAL ________________ 299.94 ________________ 7.6 
*U.S. dollars for individual components ordered in quantity of 100 
@Passives including an oscillator are grouped together for approximate cost and mass 
#Antennas are a custom design and costs are integrated into printed circuit board (PCB) fabrication 
!Includes circuit boards and connector, battery bucket, and surface area extender 
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3.1.2 Antennas 

3.1.3 Software 

High-level software design in Phase I focused on key development milestones needed for a 
Phase II project including sensor data acquisition, communication with other digital components, 
power conservation, and encoding and transmitting data packets. The MPU will sample the two 
onboard sensors, read position and velocity information from the GPS, and package the data to 
send out via the ISM band radio. The standard data payload will consist of a 40-byte message 
that includes all relevant sensor data and some diagnostic information known as a “health 
packet”. The eMote will transmit once per second and leverage power conservation and low-
power “sleep” modes whenever possible to limit power consumption. 

3.2 Mechanical Components (Task 1.2) 

The mechanical design was conducted using Dassault Systemes SolidWorks. The 
SolidWorks software allows direct integration of Cadence files assemblies to maintain 
bidirectional design of the electronic/ mechanical assembly. SolidWorks also provided the center 
of gravity and moments of inertia needed to run the computation fluid dynamics (CFD) software. 
This section summarizes work on the mechanical design, CFD software configuration and 
simulation results, prototype configuration, environmental issues, and protective coatings. 

The goal of this task was to determine the optimal eMote form factor given the mass, size, 
and component specifications shown in Table 2.1. A total of six shapes and geometric 
configurations were explored to minimize Vt, size, and mass while still considering eventual 
fabrication and packaging issues given component layout and available materials. These shapes 
incorporate “features” found in naturally dispersive maple (“wings”) and dandelion seeds 
(“spokes”) as illustrated in Fig. 3.1. 

While the ultimate eMote mass target is 1-5 gm, the values used for Fluent simulations 
ranged from 4-12 gm. These numbers are more consistent with the anticipated mass of 5-10 gm 
for prototypes that will be developed in Phase II (Table 2.1). Some parts of the eMote shapes 
shown in Fig. 3.1 are already within the target product size of 1-5 cm. Further reductions in mass 
and size will require additional miniaturization and component integration, exploiting application 
specific integrated circuits and/or other fabrication processes as part of commercialization efforts 
beyond a Phase II project. 
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Fig. 3.1. The primary eMote shapes (1-6) with an actual maple and dandelion seed shown in 
panels (a) and (b) for comparison. A scale bar calibrated in centimeters is also included at the 
bottom of each panel. Several variations on each design (not shown) were generated to vary the 
number of spokes or fins on the dandelion designs [(b) and (c)], “cords” on the parachute design 
[(d)], center of gravity, surface area, and overall mass. 
  

eMote1 (a) eMote2 (b) 

eMote3 (c) eMote4 (d) 

eMote6 (f) eMote5(e) 
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3.2.1 CFD Software Configuration 

3.2.2 CFD Simulation Results 

3.2.3 Prototype Mechanical Design 

The sensitivity tests and overall CFD simulations results led the project team to select 
eMote6 for prototype development. The next step in the mechanical design was to lay out all 
components and circuit connections in Cadence as dictated by the eMote6 form factor. A key 
challenge was to determine whether the component layout and geometry could support the 
eMote6b mass balance and CG distribution. 

The resulting SolidWorks rendering of the imported Cadence design file (without circuit 
traces) features two, ultra-thin (0.08 cm) standard FR-4 circuit boards with antennas, MPU, GPS 
receiver, and passive components on the cap while the remainder of sensors and electronics are 
placed on the stem including two batteries in a “bucket” near the stem base (Fig. 3.2). The 
component layouts and circuit schematics (not shown) for the eMoteP cap and stem boards were 
completed and are available for direct use in the Phase II development effort. 

Placing the T, RH, and P sensors on the stem is advantageous as it provides thermal isolation 
from the MPU, thus leading to more accurate readings. Since the stem is connected to the cap 
with a header, the boards will be interchangeable. The sensor board communicates to the 
microcontroller using I2C, so any I2C sensor can be implemented on the stem. A software 
update to the MPU would then allow these additional sensors to be used. 

 
Fig. 3.2. SolidWorks rendering of the eMote prototype (eMoteP) based on the eMote6 design 
(Fig. 3.1f). See text for details. 

3.2.4 Environmental Issues 

In addition to minimizing Vt, an ultra-low target mass of 1-5 gm also greatly reduces hazards 
to people or property (structures, airframes, aircraft engines) as eMotes settle through the 
atmosphere. This hazard also depends on the number of eMotes deployed, deployment 
location/frequency, and the distance they drift before reaching the ground. Under certain 
conditions, winds may accelerate eMotes to higher speeds (e.g. thunderstorm updrafts) or 
drifting eMotes could encounter aircraft traveling at higher speeds. In these instances, the 
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collision hazard may be more significant given that impact energy is proportional to the square 
of velocity. 

Previous studies examined this issue based on bird strikes and jet engine ingestion 
(Manobianco 2005). eMote mass will be substantially smaller compared with birds (hundreds of 
grams to a kilogram or more) that typically pose a strike threat to airframes, windshields, and 
engines. However, 98% of all bird strikes occur below one kilometer above ground at slower 
flight speed. The contact issues will be explored in the Phase II project but more rigorous 
evaluation of aviation hazards will require engine ingest and other tests during early stage 
commercialization efforts as further refinements are made to the eMote. 

Another potential concern is the environmental impact caused by eMotes once they settle on 
land or water. eMotes will not contain materials or components including power sources that 
pose any significant mechanical, electrical, or environmental hazards. Overall, the environmental 
issues can be mitigated by designing “biologically inert” eMotes and minimizing the number of 
components that could have any negative environmental impacts. This design goal is achievable 
for eMote development in a Phase II project. 

Ultimately, eMote components will be biodegradable leveraging advances in materials 
science (Shadbolt 2014) and organic electronics (Hwang et al. 2012). Plastics such as polylactic 
acid (Mathew et al. 2005, Iovino et al. 2008) or polybutylene succinate (Brunner et al. 2011) are 
well established and degrade in 2-3 months. These polymers or similar ones represent the most 
practical short-term solution to achieve eMote biodegradability. The main issue with this 
approach is that there will be an absolute minimum in packaging and/or structure used in the 
final eMote products given the target size of 1-5 cm and mass 1-5 gm (Table 2.1). There will also 
be additional efforts required to test the strength and other mechanical properties of different 
biodegradable materials to determine their suitability for use in eMotes. This design goal is 
achievable in 1-2 years as GlobalSense commercialization proceeds after a successful system 
demonstration in the Phase II project. 

In the longer term, the most innovative approach for achieving near zero environmental 
impact from eMotes will require leveraging innovations in biodegradable electronics (Jung et al. 
2015) including power sources like batteries (Yin et al. 2014) that are currently being developed 
and tested for medical and other applications. As eMote mass and size decrease from the 
prototype to product stage, continued integration and miniaturization of components will yield 
mainly electronics, sensors, and other critical components on very thin, flexible substrates. 

This design paradigm is entirely consistent with the multitude of research efforts to develop 
biodegradable electronics that will ultimately be printed (in 2D or 3D) or otherwise mass 
produced in large numbers at very low cost (Harrop 2015). However, most of this development 
is at the very early stages and still unique to one or just a handful of academic or research 
laboratories. Therefore, this design goal is achievable in the 5+ year time frame, perhaps earlier 
if any of the enabling technologies reach higher TRL and demonstrate acceptable performance 
for eMote specifications. A time line summarizing options for addressing eMote environmental 
impact is presented in Fig. 3.3. 
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Fig. 3.3. Multi-year timeline showing estimated roadmap summarizing options to address eMote 
environmental impact based on program phase and enabling technologies (see text for details). 
The commercialization phases are labeled by product revision (Rev I and Rev II). 

3.2.5 Protective Coatings and Structures 

In order to protect electronic components in the atmosphere, eMotes will be coated with 
ParyleneTM or similar material instead of using an enclosed housing to limit mass and size. The 
T, RH, and P sensors require exposure to ambient air so they will be protected using a membrane 
but not completely coated with sealants. This process is required even for demonstration 
purposes in the Phase II project to provide a moisture barrier, especially if any testing takes place 
in high humidity conditions. 

As the GlobalSense system is commercialized and used operationally, eMotes will likely 
encounter precipitation, fog, temperature changes, or other conditions that cause water to wet 
and/or condense on the structure. Water in liquid or solid form will increase eMote mass and Vt. 
A water layer may also induce excessive rotation if it changes the mass balance substantially by 
loading the cap (i.e. the largest surface) and creating a top-heavy eMote. While unavoidable in 
certain atmospheric conditions, this issue can be mitigated using nanostructured surfaces 
(Mishchenko et al. 2010) or more likely superhydrophobic coatings (Alexander et al. 2015), both 
of which repel a significant amount of water. 

The first step will be to analyze eMote sensor data (i.e. GPS and accelerometer 
measurements) and determine the impact of water loading on eMote trajectories as they pass 
through areas of precipitation. If such analyses show eMotes display much greater rotation or Vt 
than under similar conditions without precipitation, further action will be warranted. As with 
biodegradable materials, additional efforts will be required to test and evaluate different 
structural modifications or coatings for suitability, cost, and integration with the eMote 
fabrication processes. Assuming a suitable option is identified, follow-up testing will then be 
required to determine whether the new material or coating reduces water loading to an acceptable 
level. This design-test cycle may require multiple iterations to converge on a viable solution and 
will be pursued, if necessary, during the early part of the Rev I commercialization phase shown 
in Fig. 3.3. 
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4 Communication System Design (Task 2) 

The GlobalSense system will operate within the 902- to 928-MHz ISM band for low power 
radios and therefore, not require a FCC license. Data messages transmitted by multiple eMotes 
will be received and processed by one or more base stations (Fig. 2.1a). The minimal 
components for the base station include a data processing computer, radio receiver, antenna, and 
assorted cables, connectors, and mounting hardware. In order to minimize risk and accelerate the 
design cycle, COTS components will be leveraged extensively for the communications system 
design. A plug-and-play approach is adopted to ensure ease of assembly and guaranteed 
operation along with minimal assembly costs for the receiver systems planned for Phase II. 

4.1 Communications Architecture 

4.2 Base Station Hardware Design 

4.3 Base Station Software Design 

4.4 Communication Link Budget 

In order to maintain the communication between eMotes and the base station, the 
communications system must be designed with an adequate link budget and sufficient margin for 
operation in expected atmospheric conditions. This design constraint is also important for 
eMotes receiving GPS signals. Table 4.1 illustrates sample link budgets for the eMote to base 
station and GPS to eMote communication assuming a 50-km separation distance between eMotes 
and base stations. 

In typical communication systems, a link margin of 10 dB is considered excellent. The free 
space path loss (FSPL) is a directly proportional to the square of the distance and inversely 
proportional to wavelength. Therefore, a small increase in distance has a significant impact on 
the strength of the signal at the receiver. In order to compensate for FSPL, high-gain directional 
antennas such as dishes are used to receive very weak signals. For example, a 100-km instead of 
50-km separation between the eMote and base station increases the FSPL by 6 dB which reduces 
the received signal power by 4x. 

 
Table 4.1. Link budget for GlobalSense communications system. 

 eMote to Base Station GPS to eMote 
Path Loss* -126 dB  -182 dB 
Rain Fade -2 dB -2 dB 
TX Power +12 dBm +44 dBm 
TX Antenna Gain +5 dBi +13 dBi 
RX Antenna Gain +11 dBi +5 dBi 
Polarization Loss 0 dB -3 dB 
Cable Insertion Loss -2 dB 0 dB 
Signal Strength at Receiver -102 dBm -125 dBm 
Receiver Sensitivity -112 dBm 

 
-167 dBm 

Link Margin 10 dB 42 dB 
*Assumes 50-km separation between eMote and base station 
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5 Deployment Mechanism Design (Task 3) 

There were two design pathways considered for eMote deployment during the Phase I. The 
first involved the prototype demonstration planned for the Phase II project, and the second was 
for operational systems that would be developed in follow-on efforts. The operational 
deployment scenarios are highlighted first followed by a more extensive discussion of design 
efforts for prototype demonstration. Only preliminary operational design concepts were 
examined in the Phase I project. Additional plans, concept of operations (CONOPs), and 
development costs as part of commercialization efforts will be mapped out in more detail during 
the course of the Phase II project. 

5.1 Operational Deployment 

For a commercially viable (operational) system, GlobalSense eMotes will likely be deployed 
from balloons or aircraft. The advantage of using aircraft is that eMotes can be deployed at very 
specific times, locations, and altitudes. It will be cost effective for customers to leverage and/or 
modify existing infrastructure for eMote deployment, in order to minimize or completely avoid 
costs and time required for flight certification. 

For example, manned and larger unmanned aircraft such as the GlobalHawk are equipped 
with hardware to release small, cylindrical instrument packages known as dropsondes. The 
dropsonde deployment tubes are large enough to accommodate tens to a hundred or more eMotes 
that would be encapsulated in a dropsonde cylinder or other rigid packaging to withstand ejection 
from the aircraft. A similar system known as KITsonde has been developed by the Karlsruhe 
Institute of Technology to deploy multiple sondes or integrate new sensor technology 
(https://www.imk-tro.kit.edu/english/5370.php). In addition, NOAA adapted sonobuoy tubes to 
deploy the Coyote unmanned aircraft systems (UAS) from P-3 Orion aircraft 
(http://www.aoml.noaa.gov/hrd/HFP2015/6-SUAVE_exp.pdf). 

While existing technologies may be suitable with slight modifications for eMote deployment, 
additional custom design and development of the deployment canisters is anticipated. Based on 
standard engineering practices and past experience (e.g. KITsonde and Coyote), this 
development is estimated to require at least 24 months and cost $300,000-$500,000 including a 
series of flight tests. 

Given the size and payload capacity of smaller UAS including fixed wing designs such as 
Tempest (Elston et al. 2015) and drones (http://www.meteomatics.com/display/RESEARCH/ 
Meteodrones), it will only be practical to deploy eMotes from aerodynamic pods or other 
mechanisms on the exterior of the airframes. The CONOPs for eMote deployment from manned 
aircraft or UAS is application dependent. Aircraft deployment may not always be cost-effective 
or practical especially if flights are not already being leveraged for operational or research 
missions. Both manned and UAS missions may also be limited in coverage because of routing, 
flight patterns, and flight path restrictions. 

For routine operational deployment over land, weather balloons launched with rawinsondes 
can carry eMotes to pre-defined altitudes and release them automatically. A “pod” containing 20 
or more eMotes would be attached to balloons that have excess lift to accommodate small 

https://www.imk-tro.kit.edu/english/5370.php
http://www.aoml.noaa.gov/hrd/HFP2015/6-SUAVE_exp.pdf
http://www.meteomatics.com/display/RESEARCH/%20Meteodrones
http://www.meteomatics.com/display/RESEARCH/%20Meteodrones
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auxiliary payloads. NOAA NWS personnel, who manage the rawinsonde program, confirmed 
that this CONOP has been used in the past to leverage existing infrastructure and carry additional 
instrumentation to upper levels of the atmosphere. The pod would consist of additional hardware 
to store eMotes and minimal electronics to release them at one or more predefined altitudes. 
Along with the rawinsonde package, the pod would parachute safely to the ground after the 
balloon bursts at high altitude. 

Another option for operational deployment at higher altitudes involves using stratospheric 
balloons. A similar strategy was originally proposed by Manobianco (2002) for earlier versions 
of GlobalSense when both private industry (Pankine et al. 2002) and NOAA (Girz et al. 2002) 
were considering regional and global constellations of such platforms to address a number of 
Earth science issues such as ozone monitoring, hurricane forecasting, and global ocean 
productivity. The advantage of using high altitude balloons is the ability to deploy eMotes in 
more remote locations including a large fraction of the world’s oceans. 

Beginning in 2013, Alphabet (formerly Google) began deploying stratospheric balloons or 
“Loons” around the globe for internet connectivity in locations where it is not cost effective or 
practical to use ground-based infrastructure (http://www.bbc.com/news/technology-34660205). 
Similar to leveraging aircraft dropsonde infrastructure, these platforms could release eMotes and 
collect data as they descend through the atmosphere. There are two possible scenarios envisioned 
where a user rents “space” on Loon balloons for deployment mechanisms and communication 
equipment. Another option might be for customers to purchase data, in the event that Alphabet 
buys and operates GlobalSense systems. 

5.2 Prototype Demonstration 

Manned or larger unmanned aircraft deployment will not be practical or cost effective for a 
Phase II prototype demonstration. Therefore, primary design efforts during the Phase I project 
focused on the operational “pod” or canister concept discussed in the previous section for 
carrying eMotes to pre-defined altitudes and deploying them automatically. The balloons can be 
released to ascend freely in the atmosphere or tethered for preliminary lower altitude testing. 
With tethered balloons, it will be possible to retrieve the pod and possibly some eMotes for 
troubleshooting and performance analysis prior to the full system demonstration. 

Given time and budget constraints in a Phase II project, the initial pod design features a 
compact, lightweight, and cost-effective mechanism that will be developed using mainly COTS 
components along with some custom packaging. These design attributes make it easier to 
transition such a device for operational use assuming there are no major issues encountered 
during testing and demonstration. Certain elements of a pod design could also be leveraged for 
eMote deployment from dropsonde containers. 
  

http://www.bbc.com/news/technology-34660205
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6 Summary and Conclusions 

6.1 Technical Feasibility 

As stated in Section 2, the Phase I project objective was to design and simulate all elements 
of the GlobalSense system. The body of work covered in the preceding sections along with 
summary narratives that follow here demonstrate that the Phase I objective has been met both at 
the component and system level. 

6.2 Anticipated Phase II Results 

At the conclusion of Phase I, the GlobalSense system is at TRL 3, consistent with completion 
of analytic critical function and characteristic proof-of-concept during the six-month project. The 
Phase II objective is to develop, test, and demonstrate the complete GlobalSense system in a 
relevant environment such as the atmosphere. A successful prototype demonstration by the end 
of Phase II will increase the TRL from 3 to 6 and represent a critical milestone that must be met 
on the path to commercialization. 

6.3 System Commercialization 

The commercialization of the GlobalSense system will be covered in detail as part of the 
commercialization plan submitted with the Phase II proposal. There are currently two, well-
established business models envisioned for GlobalSense system commercialization that are 
positioned at different levels of the value chain in terms of weather products and services. For 
business model 1, the system would be licensed or sold to users interested in collecting and 
integrating raw data for specific applications. In this scenario, clients would lease or own and 
operate the system with reoccurring revenue generated from the purchase of disposable eMotes. 
Other system components such as the receiver hardware and software could be leased or sold and 
then operated and maintained by service agreements or internally as part of customer inventory. 
  



Mano Nanotechnologies, Inc. (VERSION APPROVED FOR PUBLIC DISTRIBUTION) 
 

 
Contract WC-133-15-CN-0071: NOAA SBIR Phase I Final Report         Page | 16 

7 References 
 
Alexander, S., J. Eastoe, A. M. Lord, F. Guittard, and A. R. Barron, 2015: Branched hydrocarbon 

low surface energy materials for superhydrophobic nanoparticle derived surface. ACS Appl. 
Mater. Interfaces, 8, 660–666. 

Brunner, C. T., E. T. Barana, E. D. Pinhoa, R. L. Reisa, and N. M. Nevesa, 2011: Performance of 
biodegradable microcapsules of poly(butylene succinate), poly(butylene succinate-co-
adipate) and poly(butylene terephthalate-co-adipate) as drug encapsulation systems. Colloids 
and Surfaces B: Biointerfaces, 84, 498-507. 

Chui, M., M. Löffler, and R. Roberts, 2010: The Internet of Things. McKinsey Quarterly. 
[Available online at http://www.mckinsey.com/industries/high-tech/our-insights/the-internet-
of-things]. 

Crisp, D., C. E. Miller, and P. L. DeCola, 2008: NASA Orbiting Carbon Observatory: Measuring 
the column averaged carbon dioxide mole fraction from space. J. Applied Remote Sensing, 2 
(023508), doi:10.1117/1.2898487. 

Elston, J., B. Argrow, M. Stachura, D. Weibel, D. Lawrence, and D. Pope, 2015: Overview of 
small fixed-wing unmanned aircraft for meteorological sampling, J. Atmos. Oceanic Tech., 
32, 97-115. 

Girz, C. M. I. R, and Coauthors, 2002: Results of the demonstration flight of the GAINS 
prototype III balloon. Preprints, Sixth Symp. On Integrated Observing Systems, Amer. 
Meteor. Soc., Orlando, FL, 248-253. 

Harrop, J., 2015: Mass produced 3D printed electronics. Printed Electronics World. [Available 
online at http://www.printedelectronicsworld.com/articles/8794/mass-produced-3d-printed-
electronics]. 

Hwang, S-W., and Coauthors, 2012: A physically transient form of silicon electronics. Science, 
337, 1640-1644. 

International Business Machines (IBM), 2015: IBM plans to acquire The Weather Company’s 
product and technology businesses; extends power of Watson to the Internet of Things. Press 
release. [Available online at http://www-03.ibm.com/press/us/en/pressrelease/47952.wss]. 

Iovino R., Zullo, M. A. Rao, L. Cassar, and L. Gianfreda, 2008: Biodegradation of poly(lactic 
acid)/starch/coir biocomposites under controlled composting conditions. Polymer 
Degradation and Stability, 93, 147-157. 

Jung, Y. H. and Coauthors, 2015: High-performance green flexible electronics based on 
biodegradable cellulose nanofibril paper. Nature Communications, 6, 1-11. 

Manobianco, J., 2002: Global Environmental MEMS Sensors (GEMS): A revolutionary 
observing system for the 21st century, Phase I Final Report. [Available online at 
http://www.niac.usra.edu/files/studies/final_report/766Manobianco.pdf]. 

Manobianco, J., 2013: Next generation wireless sensor system for environmental monitoring. 
National Science Foundation SBIR Phase I Final Report, Grant IIP-1214591, 15 pp. 
[Available online at http://www.meso.com/resources/contact/]. 

Mathew, A. P., K. Oksman, and M. Sain, 2005: Mechanical properties of biodegradable 
composites from polylactic acid (PLA) and microcrystalline cellulose (MCC). J. Appl. 
Polym. Sci., 97, 2014–2025. 

Mishchenko, L., B. Hatton, V. Bahadur, A. J. Taylor, T. Krupenkin, and J. Aizenberg, 2010: 
Design of ice-free nanostructured surfaces based on repulsion of impacting water droplets. 
ACS Nano, 4, 7699–7707. 

http://www.mckinsey.com/industries/high-tech/our-insights/the-internet-of-things
http://www.mckinsey.com/industries/high-tech/our-insights/the-internet-of-things
http://www.printedelectronicsworld.com/articles/8794/mass-produced-3d-printed-electronics
http://www.printedelectronicsworld.com/articles/8794/mass-produced-3d-printed-electronics
http://www-03.ibm.com/press/us/en/pressrelease/47952.wss
http://www.niac.usra.edu/files/studies/final_report/766Manobianco.pdf
http://www.meso.com/resources/contact/


Mano Nanotechnologies, Inc. (VERSION APPROVED FOR PUBLIC DISTRIBUTION) 
 

 
Contract WC-133-15-CN-0071: NOAA SBIR Phase I Final Report         Page | 17 

New York Times, 2010: Smart Dust? Not quite, but we’re getting there. [Available online at 
http://www.nytimes.com/2010/01/31/business/31unboxed.html]. 

O’Grady, M. J., G. M. P. O’Hare, N. Hristova, S. Keegan, and C. Muldoon, 2007: Ubiquitous 
Sensing: A prerequisite for mobile information services. Proceedings of the 1st ERCIM 
Workshop on eMobility, (WWIC2007), Coimbra, Portugal, 119-130. 

Pankine, A. A., E. Weinstock, M. K. Heun, and K. T. Nock, 2002: In-situ science from global 
networks of stratospheric satellites. Preprints, Sixth Symp. On Integrated Observing Systems, 
Amer. Meteor. Soc., Orlando, FL, 260-266. 

Reitebuch, O. C. Lemmerz, E. Nagel, U. Paffrath, Y. Durand, M. Endemann, F. Fabre, and M. 
Chaloupy, 2009: The airborne demonstrator for the direct-detection Doppler wind lidar 
ALADIN on ADM-Aeolus. Part I: Instrument design and comparison to satellite instrument. 
J. Atmos. Oceanic Technol., 26, 2501-2515. 

Shadbolt, P., 2014: The flying fungus: NASA's biodegradable drone that flies and dies. CNN 
Tech., [Available online at http://www.cnn.com/2014/12/10/tech/innovation/nasa-dissolving-
drone/index.html?hpt=hp_c4]. 

Wunch, D., and Coauthors, 2010: Calibration of the total carbon column observing network 
using aircraft profile data. Atmos. Meas. Tech. Discuss., 3, 2603-2632. 

Yin, L., X. Huang, H. Xu, Y. Zhang, J. Lam, J. Cheng, and J. A. Rogers, 2014: Materials, 
designs, and operational characteristics for fully biodegradable primary batteries. Advanced 
Materials, 26, 3879–3884. 

  

http://www.nytimes.com/2010/01/31/business/31unboxed.html
http://www.cnn.com/2014/12/10/tech/innovation/nasa-dissolving-drone/index.html?hpt=hp_c4
http://www.cnn.com/2014/12/10/tech/innovation/nasa-dissolving-drone/index.html?hpt=hp_c4


Mano Nanotechnologies, Inc. (VERSION APPROVED FOR PUBLIC DISTRIBUTION) 
 

 
Contract WC-133-15-CN-0071: NOAA SBIR Phase I Final Report         Page | 18 

8 ACKNOWLEDGEMENTS 

The principal investigator (PI), Dr. John Manobianco, would like to thank the subcontractor 
team led by Dr. Mark Adams at Auburn University. Dr. Adams and his students, Mr. Craig 
Prather, Mr. Matt Gutierrez, Ms. Audrey Rose Shapland, Ms. Jessica Blume, Ms. Haley Harrell, 
and Mr. Trent Watkins, provided critical work on Tasks 1.1 and 2 as well as input for other 
aspects of the system design. The PI also acknowledges efforts by consultants on the project, Mr. 
Robert Jacoby and Mr. Jamal McPherson from Rensselear Polytechnic Institute in Troy, NY, 
who assisted with eMote and deployment system design and simulation. The PI thanks Dr. Bruce 
Kakimpa from the University of Nottingham (Nottingham, UK) for his time answering 
questions, providing numerous recommendations, and offering assistance with the configuration 
and analysis of CFD software and output. The project could not have been successful without the 
outstanding contributions from this interdisciplinary team. 


	1 Executive Summary
	2 Introduction
	3 eMote Design
	3.1 Electrical Components (Task 1.1)
	3.1.1 Hardware
	3.1.2 Antennas
	3.1.3 Software

	3.2 Mechanical Components (Task 1.2)
	3.2.1 CFD Software Configuration
	3.2.2 CFD Simulation Results
	3.2.3 Prototype Mechanical Design
	3.2.4 Environmental Issues
	3.2.5 Protective Coatings and Structures


	4 Communication System Design (Task 2)
	4.1 Communications Architecture
	4.2 Base Station Hardware Design
	4.3 Base Station Software Design
	4.4 Communication Link Budget

	5 Deployment Mechanism Design (Task 3)
	5.1 Operational Deployment
	5.2 Prototype Demonstration

	6 Summary and Conclusions
	6.1 Technical Feasibility
	6.2 Anticipated Phase II Results
	6.3 System Commercialization

	7 References
	8 ACKNOWLEDGEMENTS

