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(57) ABSTRACT 

The invention refers to an autonomous system and to a 
method that alloWs the active thermal control of garments 
using solar cells as the poWer source. In the simplest 
con?guration, the system includes a piece of clothing With 
solar cells (1), a thermal module able to generate heat and 
cold (3, 4, and 5), and a unit for controlling and monitoring 
the internal environment (6). In order to increase versatility 
and to optimize operation conditions, the system includes 
batteries (2) that can be charged by the solar cells or 
externally, increasing energy autonomy and improving per 
formance in loW radiation conditions. Proper distribution of 
electric resistors (3) and refrigeration pipes (7) alloW a 
?ne-tuning regulation of temperature inside the garment. 
The garment is developed not only for standard conditions 
but also for extreme heast and cold environments, being 
optimised Wither for standard solar radiation or other rel 
evant spectral source. 
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AUTONOMOUS GARMENT WITH ACTIVE 
THERMAL CONTROL AND POWERED BY SOLAR 

CELLS 

RELATED DOCUMENTS 

[0001] There are many patents related With this invention. 
Some documents are associated With heating techniques in 
garments: WO03059099, EP1197722, US2001047992, 
DE19835984, US. Pat. No. 5,893,991, US. Pat. No. 5,643, 
480, EP0287294, US. Pat. No. 4,705,935, FR2577390, 
US2003006229, and US. Pat. No. 4,404,460 that use the 
thermoelectric e?‘ect; FR2752363 mentioning solid and liq 
uid fuels; US. Pat. No. 6,439,942 and FR2577116 describ 
ing solar arrays; US. Pat. No. 4,539,714 utiliZes microden 
dritic solar energy collectors. Other documents are related 
With cooling procedures in garments: DE19755181 and 
DEl9749436 describe ?exible stripes; GB2352385, US. 
Pat. No. 6,125,645, US. Pat. No. 5,289,695, and US. Pat. 
No. 5,111,668 include appropriate materials; WO02067707, 
US. Pat. No. 6,257,011, FR2719892, and US. Pat. No. 
5,217,408 mention forced ventilation by fans; US. Pat. No. 
5,438,707 uses fans and compressed air; US. Pat. No. 
6,134,714, US2002073481, US2002069448, FR2756709, 
US. Pat. No. 5,415,222, US. Pat. No. 5,263,336, and US. 
Pat. No. 3,736,764 use liquid refrigeration; US. Pat. No. 
5,755,110 and DE20011331 refer heat exchanging materi 
als; US. Pat. No. 5,386,823 describes a ventilated thermal 
suit. Furthermore, document DE19745889 includes Peltier 
cells and matrix resistors for cooling/Warming solutions, and 
US. Pat. No. 5,603,648 speci?es a safe-vest With accesso 
r1es. 

FIELD OF THE INVENTION 

[0002] This invention is included in the apparel segment, 
namely in the emerging sector knoWn as intelligent Wear 
(i-Wear). It is related With systems and methods for auto 
matic control of temperature in garments, not only for 
standard Weather conditions but also for extreme environ 
ments. Furthermore, this invention also refers to special 
elements that provide poWer for those vests. 

BACKGROUND 

[0003] The invention refers to an autonomous garment 
With active thermal control poWered by solar cells that is 
designed not only for standard conditions but also for 
extreme Weather environments. Hereafter, by “autonomous” 
We mean there is no need of plug in to a poWer line, assuring 
portability and energy autonomy of the garment. Further 
more, by “active thermal control” We mean the ability to 
produce both heat and cold in the garment and to control 
dynamically the internal temperature according to external 
conditions and user needs. 

[0004] At present time there are several methods to pro 
vide temperature control of garments, Which can be split in 
two different categories: Warming and cooling. HoWever, 
feW patents cover both categories simultaneously. 

[0005] 
[0006] In general, Warming systems embedded in gar 
ments use the thermoelectric effect to provide heat for 
articles of clothing. An electric current, provided by batteries 
or poWer line, is transformed into heat in resistors embedded 

a) Warming Garments 
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in garments, mainly in jackets, and in blankets. This tech 
nique is claimed in patents WO03059099, EP1197722, 
US2001047992, DE19835984, US. Pat. No. 5,893,991, 
US. Pat. No. 5,643,480, EP0287294, US. Pat. No. 4,705, 
935, FR2577390, US2003006229, and US. Pat. No. 4,404, 
460. Most of the described objects include means to main 
tain the produced heat, using special fabrics or geometry. 
Patent FR2752363 refers to a Warming system poWered by 
solid and liquid fuels, Which feed an engine to produce heat. 
Patents US. Pat. No. 6,439,942 and FR2577116 describe 
garments heated by means of resistors poWered by solar 
arrays. Patent US. Pat. No. 4,539,714 and other references 
therein claim the utilization of microdendritic solar energy 
collectors that generate straightforward Warming of pieces 
of clothing. 

[0007] b) Cooling garments 

[0008] The cooling garments already claimed have asso 
ciated different techniques to produce cold: proper shape, 
fabrics, and special materials, natural or forced ventilation, 
cooling ?uids or evaporation. Patents DE19755181 and 
DEl9749436 describe a con?guration With ?exible stripes 
that alloW natural ventilation. Cooling and sWeat removal 
and evaporation by cooling in appropriate materials are 
described in patents GB2352385, US. Pat. No. 6,125,645, 
US. Pat. No. 5,289,695, and US. Pat. No. 5,111,668. Onthe 
other hand, forced ventilation systems are claimed in patents 
WO02067707, US. Pat. No. 6,257,011, FR2719892, and 
US. Pat. No. 5,217,408, Which use small fans poWered by 
batteries or are connected directly to poWer line. Patent US. 
Pat. No. 5,438,707 uses simultaneously cooling With com 
pressed air and fans. Patents US. Pat. No. 6,134,714, 
US2002073481, US2002069448, FR2756709, US. Pat. No. 
5,415,222, US. Pat. No. 5,263,336, and US. Pat. No. 
3,736,764 describe systems With refrigeration liquids inside 
pipes embedded in garments, Which permit the cooling by 
evaporation. Patent US. Pat. No. 5,755,110 describes a 
system that uses a special material to absorb heat, and patent 
DE20011331 claims the utilization of a textile ?bre With 
special properties for storing and releasing available heat, 
depending on the needs. Finally, patent US. Pat. No. 5,386, 
823 is related With a ventilated suit With mask that is 
connected to a cooling device With loW portability. 

[0009] 
tems 

c) Garments With Both Warming and Cooling Sys 

[0010] Although there are many patents and other docu 
ments related With cooling and heating systems and meth 
ods, to our oWn knoWledge only one uses both techniques in 
the same garment: patent DE19745889 illustrates garments 
With Peltier elements for cooling and matrix resistors for 
heating that are connected to an electricity source, namely 
poWer line, friction Wheel, propeller driven generator or 
batteries. 

[0011] d) Other Applications 

[0012] The major number of documents refers to heat or 
cold generation but some garments include accessories for 
other applications. Patent US. Pat. No. 5,603,648 describes 
a safe-vest With several accessories, namely optical ?bres 
and LEDs poWered by solar cells, resistors poWered by 
batteries to provide heat, and other signalling and survival 
gadgets. This solution is especially useful in rescue missions 
and other risky assignments. 
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[0013] e) Power Autonomy 

[0014] Most autonomous systems available on the market 
generate either heat or cold, and do not have both solutions 
embedded in the same garment. The large majority of the 
systems must be connected continuously to the poWer line 
even though some smaller articles of clothing include bat 
teries to provide some energy autonomy. Thus, systems 
connected to poWer lines are neither portable nor autono 
mous, and solutions With batteries have loW autonomy. 
Therefore, autonomous pieces of clothing need large and 
heavy batteries or must utiliZe very loW poWer, preventing 
the addition of thermal control units, mainly cooling solu 
tions, Where the thermal cycle efficiency is loWer. 

[0015] Some small pieces of clothing use solar cells or 
energy collectors to provide poWer to feed resistors, Which 
are used to Warm articles of clothing. 

[0016] f) Temperature Automatic Control 

[0017] There are several methods to control the tempera 
ture inside garments but almost all of them use a passive 
approach. The most common solutions release heat or cool 
continuously, such as fans, even though some methods 
include mechanisms to control heating and cooling ?uxes, 
like orientation of ?exible stripes. Nevertheless, more effec 
tive methods utiliZe thermostats to regulate temperature, 
sWitching thermal devices on and off to control heating or 
cooling ?oWs. So far, these control units do not require 
sophisticated algorithms because they are only used to turn 
a thermal source on or off. HoWever, the development of 
systems With active thermal control alloWs a more e?icient 
management of heat and cold inside garments. 

[0018] g) Conclusion 

[0019] Presently there are many solutions and methods to 
include heat or cold production in garments, Which is 
evident due to the large number of patents and other pub 
lished documents. HoWever, these solutions have in com 
mon several limitations. 

[0020] The most important constraint in garments With 
thermal control is related With poWer generation, because 
either the systems generate signi?cant amount of poWer but 
are not portable, or they are autonomous but the poWer 
generated is rather small. 

[0021] The large majority of available systems include 
either cooling or Warming units but do not provide both 
solutions in the same piece of clothing, mainly due to poWer 
limitations. 

[0022] The inclusion of both cooling and Warming devices 
in the garment requires a much more e?icient management 
of thermal control. 

[0023] All the systems and methods claimed so far do not 
provide simultaneously the folloWing characteristics: poWer 
autonomy, automatic control of temperature, cooling and 
heating cycles, and portability. 

SUMMARY OF THE INVENTION 

[0024] The present invention reduces limitations both in 
portability and autonomy, and alloWs Warming and cooling 
thermal cycles in the same piece of clothing. One of the main 
goals of this invention is to solve these limitations Without 
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a signi?cant increase in Weight. Furthermore, it foresees a 
more e?icient Way to manage temperature distribution and 
poWer resources. 

[0025] A standard application in garments includes the 
folloWing units: solar cells, batteries, cooling device, Warm 
ing device, active thermal controller, Wiring grid, and aux 
iliary gadgets. 
[0026] Solar cells are assembled in a ?exible substrate and 
can include special ?lters or optical parts. Solar cells use 
?exible substrates made of inexpensive silicon beads sand 
Wiched betWeen tWo thin layers of metal foil embedded in a 
plastic cover. The metallic sheets give the material physical 
strength and act as electrical contacts. Furthermore, the 
Wavelength that provides maximum optical-to-electric 
energy e?iciency can be shifted to match different radiation 
sources. Thus, not only solar radiation but also from other 
sources can be used, namely ?uorescent lamps and ?ames. 

[0027] The utiliZation of batteries in the garment is con 
venient not only to store energy but also to provide poWer 
stabiliZation, namely When poWer transients occur in the 
solar cells. NeW technologies alloW the development of 
ultra-thin ?exible batteries, and their series and parallel 
association increase the poWer storage to more that 200 
Wh/kg. Moreover, thin batteries are easily shaped so that 
Weight distribution in the garment is possible and substrate 
?exibility alloWs ergonomic pro?les. 

[0028] The devices utiliZed to produce cooling use differ 
ent techniques. Peltier cells are made from tWo dissimilar 
metals and the application of a DC voltage to a closed circuit 
gives rise to a temperature change at the junction of the tWo 
metals. Peltier cells do not have moving parts, are light 
Weight, and can be used in any orientation. Furthermore, 
they may be stacked to achieve greater temperature differ 
ential. MiniaturiZed compressed cooling machines With 
coe?icient of performance (COP) ~4 are available. Thus, 
vapor compression cycles are very e?icient systems provid 
ing a cooling process to garments. Additionally, the utiliZa 
tion of thin ?exible pipes alloWs a proper distribution of 
thermal ?oW across the piece of clothing. 

[0029] The most effective method to provide heat to the 
garment is the conversion of electrical energy in heat by 
means of resistors. Wiring, high ?exibility, and Weightless of 
electrical resistors make them the more suitable elements to 
generate heat inside the garment. 

[0030] The proper thermal control in the garment is better 
obtained With active units, mainly because on/olf systems 
are not effective in complex systems that use both cooling 
and heating cycles. On the other hand, the active thermal 
control proposed in this document uses not only parameters 
from those cycles but also from human body activity, 
external environment, and preset conditions. Thus, thermal 
control units can use sophisticated algorithms. 

[0031] Wiring is an important issue for assembling pro 
cedures. Although solar cells, batteries, resistors, and pipes 
have high ?exibility it is fundamental to study stress and 
fatigue in some of the junctions of the garment, namely 
those related With the human articulations. 

[0032] As there is some poWer available in the garments, 
they can include auxiliary plugs to feed external devices, 
namely laptops, mobile phones, audio readers, and other loW 
poWer electronic devices. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] The presented invention refers to an autonomous 
garment With active thermal control and powered by solar 
cells. 

[0034] FIG. 1 represents a piece of clothing that includes 
several units for powering, Warming, cooling, and control 
ling the Whole system. 

[0035] FIG. 2 shoWs, as an example, a clothing uniform 
With the illustration of solar cells on the surface. 

[0036] In a simple con?guration, the system includes one 
or several pieces of clothing, solar cells (1), batteries (2), 
resistor circuits (3), refrigeration units (4), and an automatic 
thermal controller (6). Alternatively or together With the 
resistors and cooling units use Peltier cells (5), Which can be 
used for heating and cooling. As Peltier cells are able to 
produce or remove heat in the same unit just by changing the 
current direction on the cell, garment versatility can be 
increased. The solar cells convert electromagnetic radiation 
in electric poWer, Which is used to feed the electric devices. 
The distribution of resistors and refrigerating pipes (7) is 
adjusted according to human body needs, in order to produce 
or remove heat in the garment. The thermal unit assures that 
temperature inside the garment is maintained in the selected 
range, Which can be function of metabolic activity, Weather 
conditions, breathable fabrics properties, and pre-selected 
values de?ned by the user. Furthermore, a speci?c algorithm 
surveys the thermal control unit and manages heating and 
cooling production in the garment. The batteries have two 
different purposes in the system. On one hand, they are used 
to stabiliZe poWer consumption if there is a strong variation 
in the electric poWer production. On the other hand, the 
batteries are used to store energy and provide extra poWer to 
increase autonomy, namely When radiation level is loW or no 
longer available. 

[0037] a) Solar Cells 

[0038] The solar cells absorb radiation and convert it in 
electricity, Which is supplied to the devices under control. 
The generated poWer can also be stored in the batteries. The 
solar cells are the outer active layer of the garment, must be 
?exible, and have to have loW bending stress With time. 
Moreover, solar cells shall have good Wiring properties. 

[0039] Solar cells have to be covered With an optical 
external layer to prevent Weathering degradation. This layer 
shall be thin, ?exible, and transparent to visible radiation. 

[0040] The global poWer e?iciency of the solar cells shall 
be higher than 10%, in order to provide enough energy to the 
thermal units. This value is the state-of-the-art e?iciency for 
?exible solar cells. 

[0041] Solar cells cover as much as possible of the outer 
layer of the garment to maximiZe available area. HoWever, 
special human articulations, such as shoulder, elboW, arid 
knee, can damage solar cells so that high bending joints in 
the garment shall not be covered With solar cells. Special 
Wiring is used to interconnect solar cells in an overall grid 
and the electric bus connector that provides poWer distribu 
tion and signal control to all devices. 
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[0042] b) Batteries 

[0043] Batteries store energy supplied by the solar celLs 
or a poWer line. The main functions for batteries are energy 
storage and poWer stabiliZation. 

[0044] The batteries must be thin, lightWeight, ?exible, 
rechargeable, and must have loW bending stress With time. 
The state-of-the-art ?exible batteries alloW up to 200 Wh/kg, 
Which alloW autonomy of 3 hours for minimum Warming 
and cooling thermal requirements. The batteries layer is 
embedded in the garment and has the same bending con 
straints as the solar cells. Batteries are connected to the 
electric bus connector that provides poWer distribution and 
signal control to all devices. 

[0045] c) Warming Cycles 
[0046] The garment has two different systems to provide 
heat. The utiliZation of resistors is the most e?icient method 
to Warm articles of clothing. The second system includes 
Peltier cells. 

[0047] Resistors must be thin, ?exible, and lightWeight. 
Furthermore, they must have loW bending stress With time 
and good Wiring connectors. The Wiring grid and resistors 
distribution in the garment are selected to provide appropri 
ate heat ?oW inside the garment. Furthermore, several 
sectors of resistors can provide heat independently of each 
other, Which alloW unbalanced distribution of energy if 
required. For example, this technique alloWs di?ferentiating 
energy distribution in chest, arms, and legs. Resistors layers 
are embedded in the garment and can also be impregnated 
directly in fabrics. 

[0048] Peltier cells are used both for Warming and cooling 
purposes and are also embedded in the garment. This 
property makes them useful for areas of the garment that are 
subject to high thermal inertia. HoWever, as they are heavier 
than resistors, Peltier cells are properly distributed to bal 
ance Weight in the piece of clothing. 

[0049] Resistors and Peltier cells are connected to the 
electric bus connector that provides poWer distribution and 
signal control to all devices. 

[0050] d) Cooling Cycles 
[0051] The utiliZation of miniaturized cooling cycles With 
high COP is a proper solution to provide a cooling system 
to the garment. The utiliZation of thin ?exible pipes permits 
an e?icient distribution of temperature inside the garment. 
The utiliZation of different tube diameters and pipe distri 
bution allocates unbalanced cool distribution, using different 
?uid ?oW and valves in the pipes. 

[0052] The cooling cycle systems are connected to the 
electric bus connector that provides poWer distribution and 
signal control to all devices. 

[0053] e) Temperature Controller 

[0054] Simple thermostat devices used so far to control 
temperature in garments are useful but ine?icient for more 
advanced systems because a simple on/olf control type is 
inappropriate. Thus, a programmable microcontroller is 
used. The management of temperature includes several 
important inputs such as sensors signals, user de?ned set 
tings, feedback conditions, and device performance moni 
toring values. 



US 2007/0199137 A1 

[0055] The utilization of temperature sensors (e.g. ther 
mocouples) monitoring garment temperature, external envi 
ronment conditions, and body temperature of the user pro 
vides useful information. 

[0056] A model describing production and distribution of 
heat How on the human body is included. The heat ?oW level 
is function of physiological parameters, eg body activity, 
and Weather conditions. 

[0057] A special algorithm is developed to process all 
information related With sensors, devices status, body activ 
ity model, Weather parameters, and preset conditions. The 
algorithm is run in the microcontroller unit surveying and 
analysing temperatures Within the garment, controlling heat 
and cool production, and preserving thermal preset comfort 
conditions. The microcontroller is connected to the electric 
bus connector that provides poWer distribution and signal to 
control the garment, managing all devices and accessories. 

[0058] f) Other Applications 

[0059] The poWer generated in the garment can be used 
for other purposes, in particular to provide energy to small 
appliances like laptops, audio readers, positioning systems, 
mobile phones, digital cameras, signalling and Warning 
devices. The small appliances are connected to the electric 
bus connector that provides poWer distribution all devices. 

[0060] g) Conclusion 

[0061] This invention is unique in the folloWing charac 
teristics: 

[0062] 1. Includes both Warming and cooling cycles in the 
garment, and provides the automatic thermal control. 

[0063] 2. Solar cells are used to poWer both cooling and 
heating units. 

[0064] 3. The garment can use other spectral sources than 
solar energy, namely optical radiation of ?res. 

[0065] All the claimed systems so far do not provide 
simultaneously the folloWing characteristics: poWer 
autonomy, automatic control of temperature, cooling and 
heating cycles, and portability. The cooling garments cur 
rently available do not use solar cells to provide poWer to the 
system. The tWo available systems that include solar cells 
for heating purposes claim to utiliZe solar radiation only. All 
the solutions that provide temperature control at the present 
time use either Warming or cooling devices, but do not 
include both solutions in the same piece of clothing. 

[0066] This invention, Which simultaneously provides 
Warming and cooling active thermal control, can be applied 
in a Wide range of Weather conditions and included in 
different clothing types, namely jackets and uniforms (FIG. 
1 and FIG. 2). The system can also Work Without solar 
radiation if another radiation source is present, namely 
arti?cial illumination (e.g. lamps). A particular useful situ 
ation is provided by ?re radiation, Which can be converted 
in electricity and used to cool ?reman suits. 

[0067] Pieces of clothing can include sensors monitoring 
the external Weather conditions, communications and posi 
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tioning devices, and luminous and sonorous signalling appa 
ratus. These types of sensors and gadgets are particularly 
important in extreme conditions and sparsely inhabited 
areas, namely deserts, Polar Regions, and mountains. 

[0068] An additional application of this invention is. 
related With the utiliZation of solar cells to provide energy to 
small portable electronic devices such as laptops, mobile 
phones, and audio players. 

1. An autonomous garment With active thermal control 
and poWered by solar cells, comprising: 

a plurality of solar cells; 

a plurality of batteries; 

a plurality of resistors; 

a refrigeration cycle; 

a plurality of Peltier cells; 

a microcontroller; 

a plurality of pipes, an electric bus connector, a plurality 
of thermal sensors, and a plurality of plugs. 

2. The garment of claim 1, Wherein the solar cells are 
connected to an electric bus connector, are on the outer shell 
of the garment and include optical parts, a protection layer, 
and ?lters. 

3. The garment of claim 1, Wherein the batteries are 
embedded in the garment, and are connected to the electric 
bus connector. 

4. The garment of claim 1, Wherein the set of resistors are 
embedded in the garment and are connected to the electric 
bus connector, properly and are distributed in the garment 
for delivery of heat. 

5. The garment of claim 1, Wherein the Peltier cells are 
embedded in the garment and are connected to the electric 
bus connector, and are distributed in the garment to produce 
heat and cold. 

6. The garment of claim 1, Wherein the refrigerating 
refrigeration cycle is connected to the electric bus connector, 
and includes pipes distributed in the garment for cooling. 

7. The garment of claim 1, comprising a device connected 
to the electric bus connector and selected from the group 
consisting of: thermal sensors, luminous and sonorous sig 
naling appliances, positioning systems, and poWer plugs. 

8. The garment of claim 1, comprising a microcontroller 
connected to the resistors, Peliter cells batteries, solar cells, 
and refrigeration cycle via the electric bus connector, for the 
active thermal control of the garment. 

9. The garment of claim 1, Wherein the microcontroller 
includes means to display data and softWare to control the 
thermal parameters. 

10. The garment according to claim 1, Wherein the solar 
cells are adapted to convert radiation from ?re to electric 
poWer. 

11. (canceled) 
12. The system of claim 2, Wherein the ?lters have a 

geometry optimiZed for the solar spectrum. 

* * * * * 


