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Abstract—This paper present the transmission gain of A. Extension of Friis’ Transmission Formula for UWB
UWB system based on the extended Friis’ transmission transmission System
formula. The template waveform is considered at the receiver . L )
side to maximize the SNR for evaluation. An experimental ~ The Friis’ transmission formula [1] has been widely
evaluation of the antenna transfer function needs the three used, and can be applied to the calculation of these LOS
types of broadband antennas. The technique gives very channels.
accurate results and is very useful for design and evaluation
of UWB impulse radio transmission systems, especially for P(f)
the evaluation of waveform distortion effects. Gris(f) = ) = G:(f)Gr (/)G (), 1)

t

KeyWOde:UWB, link budget, transmission gain, Friis’ WhereGr and G'[ are Rx and Tx antenna gain,

transmission formula )
A
6t = (2x) @

is the free space propagation gain (less than unity in
The propagation channel is in line of sight (LOS)practice),\ = Zisthe wavelength; is the velocity of the
Friis’ transmission formula cannot be direCtly appl|quht, f is the Operating frequency, amds the Separation
to the UWB radio as the bandwidth of the pulse igetween transmitter and receiver antennas.
extremely wide. Furthermore, simple comparison betweeny; js noted, however, that Eq. (1) is satisfied only at
waveforms of transmitter and receiver is not significalfome certain frequency, and is not directly applicable
because of the distortion of the waveform caused by thg UwB systems. The Friis' transmission formula shall
frequency response of the antenna. be extended to take into account the transmission signal
In this paper, we discuss the free space link budget afgveform and its distortion as well [2].
transmission gain evaluation scheme for UWB impulse Input signalv;(¢) at the transmitter port is expressed as
radio systems. This scheme is based on the Friis’ tranfe convolution of an impulse input and the pulse shaping
mission formula, adapted for UWB, in the sense that Wgter hi(t) as
would like to derive the equivalent antenna gain for UWB
impulse radio systems. The transmission waveform and vi(t) = Eié(t) * hi(t), 3)
the receiver template waveform are keys for the extensigvrig]ere
of the Friis’ transmission formula to UWB transmission

I. INTRODUCTION

signal. / h2(t)dt :/ \Hi(f))*df = 1. 4)
Il. THOERY Friis’ formula is extended taking into account the trans-
mission waveform as
In this study, we focus on the link budget evaluation Vi(f)
for UWB impulse radio system in free space. He-rris(f) = B HiHiH; - Hy, ®)
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Fig. 1. Block diagram of transmission system for the extension of Friis’ transmission formula to treat UWB signal.

where Under the constraint of Eq. (11}wm(t) maximizes
vo(70) Whenhym(t) is a time-reversed and scaled version
Ha = Ha(eaa Pas f) of ’Ur(t), i.e.
= OaHaO(ea» PLa, f) +¢aHaap(9a7 Pa, f)(s) \/QB’Ur(To—t)

12)

_ ham(t) = ———=
a = Trort, wm )
Ve lor(B)2dt
is a complex transfer function vector of the anteNN@here . is usually chosen so thaiym(t) = 0 for ¢ < 0
relative to the isotropic antenna, to satisfy the causalityhym(t) is called the optimum
A . template waveform hereafter. It is noted that the link
Hy = — exp(~jkd), (7)  budget evaluation is identical to that in Ref. [5] when

i . hwm(t) is used as the receiver template.
is the free space transfer function where . . .
C. Isotropic Correlation Receiver

k= 27”, (8) It is obvious from Eq. (12) that the optimum template

A waveform is not the simple time-reversed version of
is the propagation constant. the transmitter waveform, but the channel characteristics
including the antennas and the free space propagation.

B. Correlation Receiver Therefore, it is not always feasible to adapt the template

aveform to the angular-dependent antenna characteris-
ics, since the waveform shall be generated at the clock
"Yhte of tens of gigahertz. Therefore, we consider a canon-
ical template waveformh,(t). In this paper we have
chosenhy(t) that is optimum for the isotropic and the
oo constant gain antennas, i.e.
vo(T) —/ 9)

v () hw(t — 7)dt, _ \/ﬁvr-iso(To —t)

Let us consider a correlation receiver shown in Fig.
The output SNR is dependent on the choice of the te
plate waveform. The correlator outpu§(7) is therefore
expressed as

—o0 Pwc(t) = ; (13)
where v, (t) is the receiver input waveform which is J20, loriso(t) [2dt
inverse Fourier transform, andy(t) is the template oo
waveform. r corresponds to the timing of the template 0o
waveform, and the optimum timing, is chosen as Uriso(t) = / Hi(fYV(f) exp(j2m ft)df (14)
To = arg max vo(7). (10) is the receiver input voltage for isotropic antenna in-
i cluding. The difference between the optimum and the
Hereafterhy, (¢) is normalized as isotropic templates indicates quantitatively the distortion
o of the waveform.
/ |hw(t)|?dt = 2B, (11) I1l. UWB A NTENNA TRANSFERFUNCTION
> MEASUREMENTS

where B is the signal bandwidth, so that the output noisg  UwB waveform Transmission

power is constant ad/y B, where7° is power spectral  The effect of the waveform distortion is more obvious

density of AWGN. when the bandwidth is wider. We considered the impulse
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) Fig. 4. Biconical antenna structure.

Fig. 2. The transmission waveform of UWB signal.
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radio signal that fuIIy covers the ECC band [4] ie Fig. 5. Normalized UWB transmission gain for biconical-biconical
o Ler

3.1 ~ 10.6 GHz. The center frequency and the bandwidtp1n

were therefore set to bg¢y = 6.85 GHz and f, =

7.5 GHz, respectively. The transmit waveform assumed - o o

in the simulation was a single ASK pulse with the carrie? rotated from pointing angle” to 360° with each step

frequency fy,. To satisfy the bandwidth requirement oiat‘r’o‘

fo, the pulse length was set to be. Then the signal IV. EXPERIMENT RESULTS

was band-limited by a Nyquist roﬁ_oﬁ filter with roll- In this section, standard broadband antennas and de-

off factor @« = 0 (rectangular window) and passband!oyable antennas are used in the measurement for the
fo fo ) ) link budget evaluation.

fo=7, fo+ 5 ). Figure 2 shows the transmit pulse gz syggested the use of a biconical antenna, and
waveform. The transmission process of the pulse waveg-periodic antenna for the frequency ranges36f—
form is simulated based on the measured transfer functi?®0 MHz, 200 — 960 MHz, and0.96 — 18 GHz, respec-
of the antenna. tively, for the compliance test of UWB transmitters [6].
We chose these two kinds of antennas, operating in the
same frequency range.

The VNA was operated in the response measurementl) Biconical Antenna:First, the same biconical anten-
mode, where Port- was the transmitter port (Tx) andnas were used at both Tx and Rx sides. Figure 5 shows
Port2 was the receiver port (Rx), respectively. Biconicathe normalized UWB transmission gain as a function of
antennas with the maximum diameter6df3 mm and the antenna pointing angle in E-plane. Well-known 8-shaped
length of 37 mm are used both as the standard antennpatterns were obtained. Two template waveforms were
and as AUT. The measurement was done in the anechoged for comparison, and the difference was rather small.
chamber. Both Tx and Rx antennas were fixed at tiéhe phase center of the biconical antenna is the feed point
height of 1.75 m and separated at a distancedain. and it has theoretically the frequency independent gain at

Figure 3 shows the orientations of th#,, transfer the broadside direction, and that is why the waveform
function measurement for Tx and Rx antennas. The Tistortion effect is small compared with the isotropic
antenna is fixed at pointing anglé and the Rx antenna template.

B. Experimental Setup and Measurement Model
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lator template. By using the definition, we have evaluated
two types of broadband antennas. The performance can
be evaluated only by the UWB transmission gain.

REFERENCES

[1] H.T. Friis, “A note on a simple transmission formula,” Proc. IRE,
vol. 34, no. 5, pp. 254-256, May 1946.

[2] J. Takada, S. Promwong and W. Hachitani, “Extension of Friis’
Transmission Formula for Ultra-Wideband Systems,” IEICE Tech.
Rep., WBS2003-8/MW2003-20, May 2003.

[3] P. Eskelinen, “Improvements of an inverted trapezoidal pulse
antenna,” IEEE Antennas Propagat. Mag., vol. 43, no. 3, pp. 82—

. . . 86, June 2001.

Fig. 6. Trapezoidal antenna with L-shaped ground plane. [4] Federal Communications Commission, “Revision of Part 15 of

the Commission’s Rules Regarding Ultra-Wideband Transmission
Systems,” First Report and Order, FCC 02-48, Apr. 2002.

10 T T T T T T T [5] S. Promwong, and J. Takada, “Free space link budget estimation
scheme for ultra wideband impulse radio with imperfect antennas,”
|IEICE Electronics Express, vol. 1, no. 7, pp. 188-192, July 2004.

[6] United States of America, “Working document towards the de-
velopment of measurement procedures for assessing regulatory
compliance of ultra-wideband emitters,” ITU-R Document, 1-
8/157-E, June 2004.

[7] A. Duzdar and G. Kompa, “A novel trapezoidal antenna fed by a
ground image plane and backed by a reflector,” Proc. European
Microwave Conference (EuMC) 2000, vol. 2, pp. 1-4, Paris,
France, Sept. 2000.

Relative Gain (dBi)

15}

B — 0 Received Signal
. ) ; . 0 Isotropic

0 50 100 150 200 250 300 350
Angle (degree)

Fig. 7. Normalized UWB transmission gain for biconical-trapezoidal
link.

2) Trapezoidal AntennaA trapezoidal antenna with
the L-shaped ground plane has been introduced by Duzdar
and Kompa [7] and was later modified by Eskelinen [3].
We have chosen this antenna just for the ease of the
fabrication The structure and dimensions of the antenna
is shown in Fig. 6. The element shape itself is similar
to that of a bow-tie antenna, but the L-shaped ground
plane is parallel to the trapezoidal element to achieve the
unidirectional characteristics.

Figure 7 shows the normalized UWB transmission gain
pattern for biconical-trapezoidal link in E-plane. Note that
0° and270° are the top and the broadside of the antenna,
respectively. The peak is found 820°. Therefore, the
peak is elevated from the broadside of the antenna toward
the top. The gain is relatively high, and the difference
between two templates is small. As Refs.[1] consider
the waveform transmission applications, the waveform
distortion seems to be small.

V. CONCLUSION

This presented the evaluation scheme for UWB trans-
mission gain, which includes the transmit waveform, the
antennas, free space propagation, and the receiver corre-
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