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ABSTRACT

In this paper, we analyze the performance of double-dwell hybrid initial acquisition in DS-UWB system via 

detection, miss, false alarm probabilities and mean acquisition time. In the analysis, we consider the effect of the 

acquisition sequence, and deployment scenario of the abundant multipath components over the small coverage of 

the piconet in DS-UWB system. Based on the simulation, we obtain various performance on the mean 

acquisition time by varying the parameters, such as the total number of hypotheses to be searched, subgroup 

size, and dwell time. Then, we suggest the optimum parameter set for the initial acquisition in DS-UWB system.
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Ⅰ. Introduction

Ultra-WideBand (UWB) technology is the basis for 

wireless personal area networks (WPAN), intended 

for the use of the 3.1- 10.6 GHz of unlicensed band 

subject to the FCC Part 15 rules that specify a max-

imum transmit power spectral density of -41.3 dBm. 

UWB schemes can achieve very high aggregate data 

rates over short distances due to the ultra-wide band-

widths employed.

In this paper, we focus extensively on the issues of 

initial acquisition in the direct sequence UWB 

(DS-UWB) system based on the acquisition sequence 

defined in the IEEE802.15.3a proposal [1]. Compared 

with other works, we obtain meaningful analytical re-

sults on initial acquisition, which is specific to the 

UWB channel environment in the presence of multiple 

H1 cells (in-phase cells) and data modulation in the ac-

quisition sequence. Besides, we present the simulation 

performance of detection, miss, false alarm proba-

bilities and mean acquisition time under the UWB 

channel environment. Furthermore, we suggest the op-

timum number of subgroups and dwell time in search 

and verification modes through simulation.

This paper is organized as follows. In section 2, we 

analyze the specific scenario in the UWB system and 

derive the detection, miss and false alarm probabilities 

in search and verification modes in theory. 

Furthermore, we get the state transfer diagram and an-

alytical mean acquisition time based on the above 

probabilities. All the analysis we derived is on the ba-

sis of double-dwell hybrid acquisition scheme. We 

present the performance of initial acquisition in the 

DS-UWB system based on the acquisition sequence 

defined in the proposal and double-dwell hybrid ac-

quisition scheme in section 3. 

Finally, conclusions are made in section 4. 

Ⅱ. Analysis on the Performance 

of Initial Acquisition 

2.1 Probability Distribution Function 

for DS-UWB System

With a large number of multipath components, the 

complex amplitude of the received signal has a com-

plex Gaussian distribution [2]. Based on the non-co-

herent detector structure, the decision varaible η, 

which is the sum of mutually-independent I/Q non-co-

herent correlator outputs Zl, l = 1, 2, …, L, is 

chi-squared distributed with 2L degrees of freedom 

under hypothesis H0 or H1 [3]. H1 is the in-phase cell 

and H0 means the out-phase cell. The probability den-

sity function of η under H0 is as in (1).
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where L is the post-detection integration period. 

Furthermore, we use 
0H

V  to represent the correlator 

output when the H0 cell is under test and 0 0H c
V N I= . 

Here, Nc is the spreading factor of the acquisition se-

quence, and I0 is the interference spectral density that 

is caused by the background noise and other 

interference.

In this paper, we consider there is multiple number 

of H1 hypotheses. The probability density function of 

η under H1 hypothesis is given by
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where 
1,iH

V  means the output of the I/Q non-coherent 

correlator when the i
th H1 hypothesis is under test. 

1,iH
V  

is given in (3), considering the effect of data modu-

lation in the acquisition sequence. 
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Here, the acquisition sequence is generated in a man-

ner that a PN sequence is spread by the piconet ac-

quisition code (PAC) [1]. In (3), Ec is the chip energy 

of PAC, d(t) is the PN sequence to generate the ac-

quisition sequence with normalized autocorrelation 

function Rd, and Rc is the normalized autocorrelation 

function of PAC, ξi and τj are the time information of 

the i
th H1 hypothesis and jth path, respectively. Both 

the time information are normalized to one chip period 

Tc of PAC.

According to the IEEE 802.15.SG3a final channel 

report [4], we have
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where Ω0 is the mean energy of the first path of the 

first cluster, Tl is the arrival time of the first path of the 

lth cluster, τ k,l is the delay of the kth path within the lth 

cluster relative to arrival time Tl of the first path.  

and  are the cluster and ray decay factor, 

respectively. For simplicity, we can convert (3) to (5) 

based on (4) with the assumption that the PN sequence 

used to generate the acquisition sequence is 

orthogonal.
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We consider, in this paper, a hybrid acquisition 

scheme that combines both parallel acquisition and se-

rial acquisition. Besides, the acquisition process con-

sists of search and verification modes. The search and 

verification processes in hybrid acquisition scheme are 

shown in Fig. 1, which consists of a bank of N parallel 

I/Q non-coherent correlators. Uncertainty region V, 

which is defined as the total hypotheses to be 

searched, is represented by W/Δ. Here, W denotes the 

maximum transmission delay according to the piconet 

coverage, and Δ represents the search step size. Both 

W and Δ are normalized to one chip period of PAC. 

Then, we partition the uncertainty region V into Q 

subgroups for the hybrid acquisition. Q becomes V/M, 

where M is the number of hypotheses in one subgroup. 

In this paper, H1 subgroup means the subgroup which 

contains at least one H1 hypothesis. However, H0 sub-

group is the subgroup which contains no H1 

hypothesis.

Considering the deployment scenario of the abundant 

multipath components over the small coverage of the 

piconet in DS-UWB system, there is very larger number 

of  H1  hypotheses  compared wi th  the  ca se  o f 
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Fig. 1. Search and verification processing in hybrid acquisition 
scheme.
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the conventional CDMA system. In addition to that, 

the multipath components are scattered over the most 

part of the uncertainty region under UWB channel en-

vironments, so it is not practical to set the large sub-

group size to contain all H1 hypotheses in one or two 

subgroups as in the conventional CDMA system of 

[5]. In this paper, we assume there are n number of H1 

subgroups which contains H1 hypotheses. The value of 

n depends on the number of H1 hypotheses and the 

subgroup size M. We also assume that the i
th H1 sub-

group will contain Ii number of H1 hypotheses.  

2.2 Detection, Miss and False Alarm Proba- 

bilities in Search and Verification Modes

In this section, using (1)-(5) we derive the de-

tection, miss and false alarm probabilities in search 

and verification modes, respectively.

The detection probability 
, s j

i

dP  in search mode, for

the jth H1 hypothesis in the ith H1 subgroup is defined 

in this paper as the probability that the correlation val-

ue at the j
th H1 hypothesis is larger than the values at 

the other (M-1) hypotheses in the subgroup and the 

detection threshold θs of the search mode. We repre-

sent , s j

i

dP  as
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Then, the detection probability s

i

dP  in search mode 

for the ith H1 subgroup is given as
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The miss probability s

i

mP in search mode for  the ith H1 

subgroup is defined as the probability that all the cor-

relation values in the i
th H1 subgroup are less than θs. 
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Fig. 2. State transfer diagram for hybrid scheme.

The false alarm probability fs

i
P  in search mode for 

the i
th H1 subgroup is given by 
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The false alarm probability 
0
fP  in search mode for 

the H0 subgroup is the probability that the correlation 

values at H0 hypothesis exceeds the detection thresh-

old θs and is given as following:
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In verification mode, each hypothesis is tested in-

dependently without the concept of subgroup. So the 

detection probability ,v idP  of verification mode is the 

probability that the correlation value at the H1 hypoth-

esis exceeds the detection threshold θv and is repre-

sented as in (11).
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The miss in verification mode means a correlation 

value at the H1 hypothesis is less than the detection 

threshold θv. The miss probability 
,v i

m
P  can be written 

as 

,
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The false alarm probability 
v
fP  in verification mode 

means the probability that the correlation values at  H0 

hypothesis exceeds the detection threshold θv.
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2.3 Analytical Mean Acquisition Time

The hybrid acquisition system described above can 

be represented as a state diagram shown in Fig. 2. In 

this figure, H0(z) means the state transfer function 

from the H0 subgroup to the next subgroup. D is the 

number of hypotheses that are assigned to a correlator, 

and G is the ratio of the dwell time in verification 

mode to the dwell time in search mode. P is the penal-

ty time when false alarm happens.

Fig. 3 is the simplified state transfer diagram of Fig 

.2. In Fig. 3, (z)i

D
H  represents the state transfer 

function which starts at the ith H1 subgroup and suc-

cessfully ends at the acquisition state. ( )i

M
H z  is the 

miss-state transfer function which goes from the ith H1 

subgroup to the next subgroup. In both Fig. 2 and Fig. 

3, the system searches the subgroups in the clockwise 

direction. Referring to Fig. 2 and Fig. 3, we can get 

the state transfer function and finally derive the mean 

acquisition time (MAT) in theory.

Referring to Fig. 2, we have
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In Fig. 3, regarding the first H1 subgroup S1, the 

clockwise transfer function from an initial H0 sub-

group to an i-branch apart H0 subgroup is given by 
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The transfer function that starts at the k
th H1 sub-

group Sk is represented by 
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From (17) and (18), since all subgroups are a priori 

equally likely, the resultant transfer function averaged 

over all Q starting subgroups is represented by 
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Thus, the mean acquisition time is given by
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where τs is the dwell time in search mode. The func-

tions of A(z), B(z) and C(z) are given in (21)-(23), 

where “ '  ” denotes the derivative on z.
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Ⅲ. Validation of Initial Acquisition 

Performance 

In this section, we validate the performance of ini-

tial acquisition via detection, miss, false alarm proba-

bilities and mean acquisition time based on the acquis-

ition sequence in DS-UWB system.

The parameters in the simulation are as follows:

•Coverage of the piconet : 10 meters

•Fixed thresholds in search and verification modes 

- Threshold in search mode : 0.15 

- Threshold in verification mode : 0.20

•Acquisition sequence: Nominal preamble struc-

ture defined in [1]

•Chip rate of PAC : 1.365 GHz

•Penalty time : 10
6 chip periods

•All the simulations are under UWB channel mod-

el (CM) 1 with 100 channel realizations. Here, 

the number of multipath components is adapted 

to NP10dB. [4].

Fig. 4. Detection, miss and false alarm probabilities. 1-chip 
step size for 91 and 121 hypotheses. 1/2-chip step size for 182 
hypotheses.

Fig. 5. Mean acquisition time under channel model 1.

In Fig. 4, we present the probabilities of detection, 

miss and false alarm in different cases of hypothesis 

number. According to the coverage of piconet, we 

find that there are total 91 hypotheses with one-chip 

step size for search, that is, 182 hypotheses with 

half-chip step size. Furthermore, we consider the case 

that when the receiver is located at the boundary of the 

piconet, some H1 hypotheses might be out of the un-

certainty region according to the multipath profile. So 

we extend the uncertainty region up to 121 hypotheses 

to contain all the H1 hypotheses existing. From Fig. 4, 

after the extension of the uncertainty region, we ob-

serve better detection and miss probabilities, while the 

false alarm probability is nearly the same. Comparing 

the case of one-chip search step size with the case of 

half-chip search step size, we find that the proba-

bilities of detection and miss with half-chip step size 

are much better. However, the false alarm probability 

with half-chip step size is worse for low Eb/N0. 

In Fig. 5, we show the performance of mean ac-

quisition time in the cases of different search step size, 

number of correlators and uncertainty region. We see 

that the mean acquisition  time  is  relative  to  the 

number of hypotheses, i.e., the larger the number of 

hypotheses, the longer the mean acquisition time. 

Mean acquisition time, of course, becomes larger for 

the case of the extension of the uncertainty region. 

Smaller step size and the number of correlators also 

increase the mean acquisition time.

Fig. 6 shows the MAT performance of DS-UWB 

system when the hypotheses are divided into different 

number of subgroups. From the simulation results, we 

find that the MAT performance is similar when the 

hypotheses are divided into 2 or 3 subgroups. The op-

timum MAT performance is obtained when there are 2 

or 3 subgroups depending on Eb/N0, that is, one sub-

group will cover the interval of 45 or 30 chips, 

respectively.

We show MAT performance by varying the dwell 

time for search and verification modes. From Fig. 7, 

we get the minimum  MAT when we  use 2  symbols  

for search mode and 512 symbols for verification 

mode, i.e., the whole length of the acquisition 

sequence.
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Fig. 6. Mean acquisition time with the different 
number of subgroups under CM 1.

Fig. 7. MAT with the different dwell time in 
search and verification modes with -8 dB Eb/N0 
under CM 1.

Ⅳ. Conclusions

In this paper, we analyze the detection, miss, false 

alarm probabilities of DS-UWB system in search and 

verification modes, and the mean acquisition time. 

Then, we validate the performance of initial acquis-

ition in DS-UWB system through simulation. The in-

crease on the number of H1 hypotheses will increase 

the detection probability and reduce the miss proba-

bility in both modes. On the other hand, the increase 

on the number of H0 hypotheses will increase the false 

alarm probability. Even though the extension of un-

certainty region achieves better detection and miss 

probabilities, this improvement does not result in the 

improvement on the mean acquisition time due to the 

increased number of hypotheses. So the extension of 

uncertainty region to contain all the H1 hypotheses is 

not recommended. Based on the above comparison on 

MAT performance, we propose the subgroup size of 

30 or 45 chips depending on Eb/N0 and the dwell time 

of 2 and 512 symbols for search and verification 

modes, respectively. 
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