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Abstract-LED lighting is applied to clothing. It allows a
flexible method to provide illumination of lighting. A family
of converter topologies is proposed to give this simply method
of power conversion. Analysis for the circuits in terms of
output power, efficiency and general operation are provided.
Two types of LED lighting clothing are developed. One is
using super-bright LED embedded on the cloth. This gives
active lighting instead of passive lighting. Another one is
using optical fibre with grating to form lighting pattern.
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[. INTRODUCTION

LED is now applied for fashionable clothing for its feature
of flexibility in shape, colour, dimming control. It can be
easy to control the output using switched mode power
converter.

The power levels of LED are now available in 1W to SW
with reasonable price. This is for high brightness
illumination. For decoration, the low power with less than
50mW is available. They are placed in various points to
provide the required needs for clothing design.

Protective clothing such as reflective clothing have
fluorescent reflective tape is not good enough to provide
eye-catching purpose during very foggy road condition.
There are frequent news of road workers being hit because
of the reflection ability is low. A self-illumination
clothing is needed. An LED embedded clothing provides
stronger light and different colours. It can also be supplied
by low voltage battery such as Li-ion rechargeable one.
Therefore LED embedded clothing is now getting more
popular in today clothing design [1]. The use of LED
for clothing is not new [2]. Today we can see numerous
examples of embedded electronics in to clothing textile [3-
4]
II. CONVENTIONAL CIRCUIT

1. Conventional Circuit

The conventional LED driving circuit is just simple SMPS
[5]. Fig 1 revisits the circuits. Only one row of LED is
shown. In fact it can be formed by a number of rows of
LEDs to make up a matrix lighting.
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Fig 1: Conventional method for LED connection

2. Discussion

The circuit should be embedded with current mode control
in order to provide good life time. As the LEDs are
connected in series, if any one LED is burnt, it may affect
the overall current flow, therefore a current mode
controller is needed for the work. In some developments,
an anti-parallel zener diode is placed. This allows the by-
pass of the LED when it is burnt-open.

II. REDUCTION IN LED CIRCUIT

The circuit can be modified easily by removing some
components that is not responsible for the power control.

D
Vg =V, 1-D (1)
where 7 is the number of LED in the series path, VL gp is
the voltage drop on LED. Vjj, is the input voltage and D is
the duty ratio of the transistor.



2009 3" International Conference on Power Electronics Systems and Applications

JR A

™

SR

LED L

bl

Fig 2: Simplified LED Buck converter

Fig 3 shows the Simplified LED Boost converter. The
voltage conversion ratio is:
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Fig 3: Simplified LED Boost converter

Fig 4 shows the Simplified LED Buck-Boost converter.
The voltage conversion ratio is:
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Fig 4: Simplified LED Buck-Boost converter

Fig 5 shows the Simplified Cuk converter. The voltage
conversion for the Cuk converter is:
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There are other topologies for LED connection. The LED
array can be put in series with the transistor. Fig 6 shows
the connection of the LED in the transistor path. When
the transistor is turned on, the LED is turned on as well.
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Fig 6: Transistor path LED converter

In the present circuit, the on-state voltage of LED cannot
be ignored, the revised voltage conversion is:

V,=V,D—nV D

)
The peak voltage across the LED is
VD_p = I/in - I/o
(6)
The average current of LED is:
DT,

1,,, = li;dt=ID
0
@)
The power level of LED is
DT,
Prgp = [irgpviEpdt =nV;ppl,D "
OS

2
_n VLEDD (Vin =nV1ED)
R
The efficiency of the LED circuit is reduced to:
Prep _n Viep

)
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B. Other converters

The efficiency and voltage conversion can be derived
using the standard power equation. They are derived in a
similar method and is listed in Table 1 below:

Table 1 : Output and power of LED in transistor path

Output voltage, Vo | Power of LED, P gp

Boost Vie =1V epD nV, DV, —nV, ;. D)
1-D (1-D)*R

Buck- (V,, —nV,;p)D | n ViepD ? (Vi =1V 15p)

Boost 1-D (1-D)’R

Fig 5: Simplified LED Cuk converter
111 LEDS IN TRANSISTOR PATH

1. Transistor path for Buck converter
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V. THE CLOTHING

There are a lot of concerns in the road safety. This is
especially for roads worker because the passive lighting is
not effectively to provide reflection when road users are
working with darkness environment. The protective
clothing should meet the EN417 and ANSI471standards.

The standard although can endorse many clothings for
road users, but the active illumination depends on the

road condition, the weather, and the eye-sight of the users.

An active lighting is needed for the protective clothing.
Fig 7 shows the sample of the active lighting protective
clothing. It is based on 3W super-bright LED embedded
on the clothing. Three LEDs are used and is powered by
a rechargeable battery. The LED power is regulated so
that its power consumption or light output can be
controlled.

Table 2 shows the reflection obtained through passive
clothing. The result is not tested directly according to the
standard but is under a controlled environment. The
results shows that under strong illumination of 300Lux at
3 meter from the clothing injected to the clothing, the
reflection is little. The test was conducted with different
angles of incidence and the reflection light is measured
with Lux meter. The results clearly show that the clothing
has a wide range of reflection feature.

Table 2: The measurement of the reflection of protective
clothing

Type of Maximum Minimum
protective reflection (Lux) reflection (Lux)
clothing

Ambulance 12 8

officer

Road worker 30 25
Yellow and grey | 24 20

belt

Road cleaner 23 18
Orange and | 23 18

yellow belt

Fig 7: Active protective clothing excited by LED

Another clothes is developed that is based on optical fibre
which is excited by LED light. The LED lighting is based

Digital Reference: K2105090130

on RGB types which can produce a mixed colour. The
light transmitted through the fiber is originally confined
within the fibre and now escapes to through the grating.
Grating has been used in fibre optics for communication
and sensors for a long history [7-8]. Some breaking point
is created by a cut in the fibre that can create the pattern
on the clothes as shown in Fig 8.

Fig 9 shows the zoom in diagram of the grating. The
colour light is emitted from the fibre to form a pattern as
we needed.

Fig 9: The optical fibre grating to prvid the light pattern.
I'V. CONCLUSION

This paper has proposed a new method of LED active
clothing. It is based on LED light that produces the active
light as we want. The conventional belt type reflector is
weak and is passive. It cannot produce sufficient
illumination for road users.  Another method of clothing
is produced by optical fibre. Suitable grating is placed in
the fibre to form a pattern for illumination. The fibre is
excited by LED as well. LED is powered by a switched
mode power converter that is able to provide dimmable
lighting. The LED can also be modulated to provide
communication to other road users. It is expected that the
future LED lighting will be used extensively not only for
illumination, but also for communication with other road
users.



2009 3" International Conference on Power Electronics Systems and Applications

ACKNOWLEDGMENT

The authors acknowledge the financial support of the
Research Office of the Hong Kong Polytechnic University
under the project reference G-YE17.

REFERENCES

[1] Hertleer, C.; Rogier, H.; Vallozzi, L.; Van Langenhove, L.,
“A Textile Antenna for Off-Body Communication
Integrated Into Protective Clothing for Firefighters”, IEEE
Transactions on Antennas and Propagation, Volume 57,
Issue 4, Part 1, April 2009, pp. 919 - 925 .

[2] Joiner, S., “Cost effective packaging of LEDs for fiber
optics”, IEEE Lasers and Electro-Optics Society Annual
Meeting, 1993. LEOS '93, 15-18 Nov., pp. 31 — 34.

[3] S. Park and S. Jayaraman, “Smart textiles: wearable
electronic systems,” MRS Bull., vol. 28, no. 8, pp. 585-591,
August 2003.

Digital Reference: K2105090130

(4]

(3]

J. B. Lee and V. Subramanian, “Organic transistors on fiber:
a first step toward electronic textiles,” in [IEDM Tech. Dig.
Washington, DC, Dec. 7-10, 2003, pp. 199-202.

Cheng K.W.E, “Classical switched mode and resonant
power converter”’, The Hong Kong Polytechnic University,
Chapter 2, pp. 15-64.

K.W.E.Cheng, “Reflective protective clothing is not
reflectiong light for protection”, Oriental Daily A4, 20 Oct
2008.

Holdsworth, J.; Bandyopadhyay, S.; Canning, J.; Stevenson,
M.; Deluliis, J., “Transversely illuminating the core of
photonic crystal fibre”, Joint conference of the Opto-
Electronics and Communications Conference, 2008 and the
2008 Australian Conference on Optical Fibre Technology.
OECC/ACOFT 2008, 7-10 July 2008, pp. 1 — 2.

Chia-Min Lin; Yi-Chi Liu; Wen-Fung Liu; Ming-Yue Fu;
Sheng, H.-J.; Sheau-Shong Bor; Tien, C.-L., “High-
sensitivity simultaneous pressure and temperature sensor
using a superstructure fiber grating”, IEEE Sensors Journal,
Vol. 6, Issue 3, June 2006, pp. 691 — 696.



