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Abstract— For amplify-and-forward (AF) relay systems em-
ploying coherent modulation, the receiver at the destination
requires the full channel state information (CSI) of the source-
relay-destination (SRD) links and the amplified relay-destination
(RD) links to perform maximal ratio combining (MRC). To
reduce the burden of channel estimation and CSI forwarding
in AF relay systems, we propose an MRC receiver with partial
CSI which needs the CSI of the SRD links and the variance
of the source-relay (SR) links. We analyze the bit-error-rate
(BER) of the proposed scheme based on the moment generating
function approach. Compared with the full CSI case, the BER
performance degradation due to partial CSI depends on the
channel variances of the SR and RD links. When the channel
variances of the SR links are much larger than those of the RD
links, the performance loss due to partial CSI is negligible.

I. INTRODUCTION

The employment of relays in cellular and ad hoc networks
can not only increase system capacity but also extend coverage
area [1]. In this letter, we consider an ad hoc relay network in
which the signal transmitted from the source is amplified and
forwarded by multiple relays to the destination. It has been
shown the amplify-and-forward (AF) relaying protocol can
achieve full diversity gain with much less computing power
as no decoding is performed at the relay [2].

When coherent modulation is employed for signal transmis-
sion over fading channels, the receiver of a diversity system
must acquire channel state information (CSI) to perform
maximal ratio combining (MRC). Previous works studying
the channel estimation problem in AF relay networks fo-
cus on how to estimate the composite channel gain of the
source-relay-destination (SRD) link [3]-[5]. Since the noise at
the relay is amplified and forwarded to the destination, the
instantaneous noise variances of different SRD links at the
destination are not the same and need to be estimated first
and then normalized to perform MRC [6]. The instantaneous
noise variance estimation and its effect on the performance of
AF relay networks have been discussed in [7].

When the number of relays or the number of antennas at the
relay is large, the estimation of CSI and instantaneous noise
variance becomes more complicated. To reduce the burden of
instantaneous noise variance estimation, we propose an MRC
receiver with partial CSI which only requires the CSI of the
SRD links and the variances of the source-relay (SR) links.
Furthermore, we derive the theoretical bit-error-rate (BER)
formula and study how the values of channel variances affect
the BER performance of the proposed scheme.

Notation: Symbols for matrices and vectors are in boldface.
(·)T stands for transpose and (·)H denotes Hermitian transpose.

Fig. 1. Diagram of a dual-hop, multiple relay system.

�(z) and �(z) represent the real part and imaginary part of
a complex number z, respectively. X ∼ CN (µ, σ2) means
the random variable X is a circularly symmetric complex
Gaussian random variable with mean µ and variance σ2.
We use the symbols det(·), | · |, ∗, and E[·] to denote the
determinant, the Euclidean norm, the complex conjugation,
and the expectation operator, respectively.

II. SYSTEM MODEL

The dual-hop AF relay system with one source, multiple
relays, and one destination is depicted in Fig. 1. We assume
the source, relays, and destination are all mobile devices with
single antenna for signal transmission and reception. During
the first time interval, the source broadcasts a signal to the
relays and the received discrete-time baseband signals at the
relays are given by

ri =
√
Esfix+ ni, i = 1, 2, · · · , L (1)

where i is the index of the relay, L is the total number of
relays, Es is the average energy of the transmitted modulation
symbol, and x ∈ {−1,+1} is the transmitted binary phase-
shift keying (BPSK) modulation symbol. The SR channel
gains fi are independently distributed from CN (0, σ2

fi
) and the

additive white Gaussian noises (AWGN) ni are independent,
identically distributed (i.i.d.) from CN (0, N0).

After receiving the signal, the relays amplify and forward
the signals ri to the destination through orthogonal channels
to avoid interfering with each other at the destination. The
received signals yi at the destination are given by

yi = aigiri + ηi, i = 1, 2, · · · , L (2)

where the amplification gain ai is determined by the average
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1. 資料閘道中，記錄各日誌項目的識別資料，可識別

相關操作行為及異動前後的資料情況。

2. 應用程式(App) 記錄相關的使用者及系統狀態。
3. 記錄支援管理功能的網路設備的狀態。

四、 相關機制比較

本研究將常見的簡單網路管理通訊協定、系統日誌

(Syslog)與本研究所提出的兩種機制進行比較。傳統的
SNMP 主要適用於監控各式網路設備，並搜集設備日
誌，但日誌搜集後並沒有對時序進行校正，且沒有支援

各設備的系統應用程式的日誌記錄。系統日誌(Syslog)則
由 Syslogd、Klogd 與 Logrotate 三大元件組成，分別由
Syslogd 負責接收日誌、Klogd 記錄核心日誌、Logrotate
職司更新與備份，但仍缺乏日誌資料的時序校正與多重

標準支援等特色。因此本研究中所提出的分散式多重傳

輸協定之跨層日誌搜集機制，在時序校正與多重標準上

可獲得改善。

表I: 現有技術與本研究機制比較表

方法名稱 SNMP Syslog 本研究提出機制

網路傳輸資訊 支援 部分支援 支援

作業系統訊息 無 部分支援 支援

應用程式訊息 無 部分支援 支援

時序校正 無 無 支援

多重標準支援 無 無 支援

記錄資訊 網路事件
系統/程式
事件

資料存取軌跡

相關事件

以支援多重傳輸協定為目的的日誌搜集機制中，先

前有[16]等研究提出其作法。[16]的主要方式為，透過產
生集中式的日誌存放系統，將各個網路裝置或安全裝置

產生的日誌資料統一蒐集，這些未經改動的日誌資料檔

案會被存放在一個原始日誌資料庫，以便日後重新取出

分析使用。又因為每個網路裝置所產生的日誌資料格式

不盡相同，為了提升管理與分析的效率，此系統會針對

每一筆日誌資料，重新格式化為統一的日誌格式，並集

中存放於一個中央儲存的資料庫中，藉以提升資料的可

維護性，也方便管理者對於當前網路安全狀況做更完整

的評估。相較於[16]，本研究更可校正日誌事件的時間
點，以正確重新還原其事件發生順序，避免日誌因時序

錯亂而失去可還原性。此外本研究亦針對資料存取相關

的應用場景，運用單向雜湊演算法，於發生各種資料存

取行為，如新增、異動、刪除及修改等操作時，產生當

時資料內容的資料特徵值，以利事後追蹤、稽核的證據

需求，並避免過度蒐集資訊進而導致外洩管道增加的問

題。

五、 結論與未來展望

雲端運算被視為目前最熱門、高成長的產業，國內

外的各大企業，皆大量投入資源，從事相關研發，由此

可推估未來雲端運算市場的商機不可限量。此外近年來

開始重視個人資料的保護，在各式法規的要求下，雲端

運算的安全與隱私成為重要議題。所以日誌的重要性更

是不言而喻。因此雲端服務廠商、網通服務廠商或應用

服務提供商，可參考運用本研究所提出的這兩種機制，

搜集其系統的相關日誌記錄，以供資料存取行為稽核或

其他管理佐證需求之運用。
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symbol energy constraint Es at the relay node i as [8]

a2i = E
[

Es

Es|fi|2 +N0

]

=
1

σ2
fi

exp

(
N0

σ2
fi
Es

)
Γ

(
0,

N0

σ2
fi
Es

)
, (3)

and Γ(b, z) =
∫∞
z

tb−1e−tdt is the incomplete Gamma func-
tion. The relay-destination (RD) channel gains gi and the
AWGNs ηi are independently distributed from CN (0, σ2

gi) and
CN (0, N0), respectively. Finally, we assume random variables
fi, gi, ni, and ηi are all independent to each other.

Substituting (1) into (2), the ith received signal at the
destination node can be expressed as

yi =
√
Esaifigix+ aigini + ηi, i = 1, 2, · · · , L (4)

Under the assumption that aigi is known at the receiver, the
instantaneous variance of the noise term aigini + ηi in (4) is

E[|aigini + ηi|2] = (|aigi|2 + 1)N0, i = 1, 2, · · · , L (5)

Since the instantaneous noise variance depends on |aigi|2+1,
the MRC output d can be derived as the sum of the weighted
received signals yi given by [6]

d =

√
Es

N0

L∑
i=1

(aifigi)
∗

(|aigi|2 + 1)
yi. (6)

For demodulating the BPSK symbol, the MRC receiver
needs to know the composite SRD channel gains aifigi
and the amplified RD channel gains aigi. In practical AF
relaying systems, the composite SRD channel gains aifigi
can be estimated at the destination based on the received pilot
symbols sent from the source [3]. The amplified RD channel
gains aigi can be obtained in two ways. The first method is
to estimate the SR channel gains fi at the relay and forward
the estimated channel gains f̂i to the destination. Then the
estimated amplified RD channel gains âigi can be determined
by dividing the estimated composite channel gains âifigi by
f̂i. When the SR channel gains are time-varying or the number
of SR links is large, the continual transmission of the estimated
CSI f̂i from the relay to the destination will consume too
much system bandwidth and power. The second method is to
estimate the amplified RD channel gains aigi directly from the
received pilot signals at the destination [7]. Since the receiver
at the destination needs to estimate both aifigi and aigi, some
pilot symbols transmitted from the source are reset at the relay
node for the estimation of aigi. Therefore, the reliabilities of
the estimates âifigi and âigi degrade since fewer effective
pilot symbols are used in each estimation process.

To remedy the aforementioned drawbacks of conventional
CSI and instantaneous noise variance estimation in AF relay
systems, we consider to replace the instantaneous amplified
channel gain |aigi|2 by its mean a2iσ

2
gi and the corresponding

MRC output d̂ is given by

d̂ =

√
Es

N0

L∑
i=1

(aifigi)
∗

(a2iσ
2
gi + 1)

yi. (7)

For the proposed MRC receiver with partial CSI in practical
AF systems, the destination takes all the received pilot symbols
to estimate the composite channel gains aifigi. The variances
of the SR links σ2

fi
are estimated at the relay based on the pilot

symbols and the estimates σ̂2
fi

are forwarded to the destination
for performing MRC. When the fading channels are ergodic
in the interested interval of transmission, the overhead of
forwarding σ̂2

fi
from the relay to the destination is much less

compared with forwarding the time-varying channel estimates
f̂i. At the destination, the values of a2iσ

2
gi can be estimated

via dividing the sample variances of aifigi by σ̂2
fi

.
Since we use the mean of a2i g

2
i to replace its instantaneous

value, the resulting error can be characterized by the standard
deviation of a2i g

2
i which is equal to a2iσ

2
gi . Fig. 2 shows the

value of a2i is a decreasing function of the parameter σ2
fi

. In
other words, the mismatch due to partial CSI is an increasing
function of the channel variance ratio σ2

gi/σ
2
fi

.

Fig. 2. a2i versus Es/N0 for different values of σ2
fi

.

III. PERFORMANCE ANALYSIS

In the section, we analyze the performance of the proposed
MRC receiver with partial CSI for AF relay systems. For
completeness and comparison purpose, we also present the
BER formula of the MRC receiver with full CSI.

A. MRC with Full CSI

The analysis basically follows the approach outlined in [9].
Given that aifigi and aigi are both perfectly known at the
receiver, the signal-to-noise ratio (SNR) corresponding to the
MRC receiver (6) is given by

γ =
L∑

i=1

γi, γi =
Es

N0

|aifigi|2

|aigi|2 + 1
. (8)

For BPSK modulation, the conditional BER corresponding to
the SNR γ is

Pb =
1

π

∫ π/2

0

exp

(
−γ1 + γ2 + · · ·+ γL

sin2 θ

)
dθ (9)
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Since the channel gains in different links are independent to
each other, the unconditional BER is given by

P b =
1

π

∫ π/2

0

L∏
i=1

Mi

(
1

sin2 θ

)
dθ, (10)

where Mi(·) is the moment generating function (MGF) of γi.
Since fi ∼ CN (0, σ2

fi
) and gi ∼ CN (0, σ2

gi), the random
variables |fi|2 and |gi|2 are both exponential random variables
with means σ2

fi
and σ2

gi , respectively. Therefore, the MGF
Mi(s) is given by

Mi(s) =

∫ ∞

0

∫ ∞

0

exp

(
−s

Es

N0

a2iuv

a2i v + 1

)
×

1

σ2
fi

exp

(
− u

σ2
fi

)
1

σ2
gi

exp

(
− v

σ2
gi

)
dudv

=
1

Es

N0
σ2
fi
s+ 1

+
Es

N0
σ2
fi
s

(
Es

N0
σ2
fi
s+ 1

)2

a2iσ
2
gi

×

exp


 1(

Es

N0
σ2
fi
s+ 1

)
a2iσ

2
gi


Γ


0,

1(
Es

N0
σ2
fi
s+ 1

)
a2iσ

2
gi


 .

(11)

B. MRC with Partial CSI

When the instantaneous channel variance (a2i g
2
i + 1)N0 is

replaced by (a2iσ
2
gi + 1)N0, the SNR of the MRC output (7)

becomes too complicated to do analysis directly. To evaluate
the BER performance, we first consider the conditional BER
given by

Pb = Pr
(
�(d̂) < 0|x = 1, g

)
, (12)

where g = [g1 g2 · · · gL]
T. Substituting (4) into (7), the

decision variable �(d̂) given x = 1 is explicitly given by

�(d̂) =
L∑

i=1

Es

N0

|aifigi|2

wi
+

L∑
i=1

√
Es

N0

�{(aifigi)∗zi}
wi

=
L∑

i=1

(
Ai|fi|2 + Cifiz

∗
i + C∗

i f
∗
i zi

)
, (13)

where wi = a2iσ
2
gi +1, zi = aigini + ηi, Ai =

Es

N0

|aigi|2
wi

, and
Ci =

1
2

√
Es

N0

aigi
wi

. To facilitate later discussion, we express the
decision variable �(d̂) in matrix form as

�(d̂) =
L∑

i=1

vH
i Qivi, (14)

where vi = [fi zi]
T and Qi =

[
Ai C∗

i

Ci 0

]
. Since the mean

vector of vi is 0, the covariance matrix Li of the vector vi is

Li =

[
σ2
fi

0

0 σ2
zi

]
, (15)

where σ2
zi = (a2i |gi|2+1)N0 is the conditional variance of zi.

Since the decision variable �(d̂) is in the Hermitian
quadratic form of complex Gaussian random variables, its
conditional characteristic function φg(s) can be computed by
using the main theorem given in [10] as

φg(s) =
L∏

i=1

1

det(I2 + sLiQi)

=

L∏
i=1

1

1 + sEs

N0

a2
iσ

2
fi

|gi|2

wi
− s2

4
Es

N0

a2
iσ

2
fi

|gi|2(a2
i |gi|2+1)

w2
i

, (16)

where I2 denotes the 2 × 2 identity matrix. Since |gi|2 are
independent exponential random variables with means σ2

gi , the
unconditional characteristic function of �(d̂) is

φ(s) =

L∏
i=1

∫ ∞

0

1
σ2
gi

e−v/σ2
gi

1 + sEs

N0

a2
iσ

2
fi

v

wi
− s2

4
Es

N0

a2
iσ

2
fi

v(a2
i v+1)

w2
i

dv.

(17)
Finally, the unconditional BER P̃b can be calculated based on
Gauss-Chebyshev quadratures [11] as

P̃b = Pr
(
�(d̂) < 0|x = 1

)

=
1

N

N/2∑
k=1

{�[φ(c+ jcτk)] + τk�[φ(c+ jcτk)]}+ eN , (18)

where τk = tan((2k−1)π/(2N)) and eN is an error term that
tends to zero as N goes to infinity. Moreover, c is a positive
real number chosen to guarantee quick convergence. From our
own numerical experiment experiences, the values of N = 128
and c = 0.8 usually yield satisfactory accuracy.

IV. NUMERICAL RESULTS

In our numerical experiments, we assume the MRC receiver
knows the composite SRD channel gains aifigi perfectly. For
the MRC receiver with full and partial CSI, those terms |aigi|2
and a2iσ

2
gi are available perfectly at the receiver, respectively.

Fig. 3 shows the BER performance of the MRC receiver
with full and partial CSI in AF relay systems. The channel
variances of SR and RD links are σ2

fi
= 1 and σ2

gi = 1 for i =
1, 2, · · · , L, respectively. The theoretical results are illustrated
by lines and the computer simulation results are represented
by markers. It can be clearly seen the results obtained from our
analysis match very well with the simulation results. When the
number of antennas L is greater than 1, the SNR gains of the
receiver with full CSI over the one with partial CSI are 0.8 dB
and 1.2 dB for L = 2 and L = 4 at BER 10−5, respectively.

Since the main difference between the full CSI receiver
and the partial CSI receiver lies in the availability of the
instantaneous channel gains gi, we expect there will be larger
performance discrepancy when the channel variances of gi
increase. Under the parameter setting σ2

fi
= 1 and σ2

gi = 10
for i = 1, 2, · · · , L, Fig. 4 indicates the SNR gaps between the
full and partial CSI increase to 2.5 dB and 3.0 dB for L = 2
and L = 4 at BER 10−5, respectively.
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ZigBee應用於遙控式視障者輔具

陳瓊興*a、王柏凱 a、杜銘峰 b

國立高雄海洋科技大學電訊工程系 a

摘要 —本研究將傳統視障者輔具的嗶嗶聲改良為一
聽就懂的語音裝置，可讓視障者自行錄音於第一時間就

能找尋所需的物品並知道該物之方位，而所自製的App
系統貼心的設計了聲控系統，並透過藍芽與ZigBee進行
無線傳輸，邏輯IC與發聲語音電路的整合，製成更便於
視障者方便使用的輔具。

本研究所達成的功能及優勢如下：

●貼心的手機遙控器
●可自行錄音的無線發聲裝置
●讓視障者能不再是用摸的而是用聽的
●整套系統安裝的便利性
●整體成本的低廉
●不同於傳統的單調發聲裝置

一、 簡介

整個系統包含智慧型手機App系統、無線傳輸系統、
附著於物品上的發聲裝置三個部分。視障者只要透過安

裝此系統的智慧型手機，便可立即知道該物品的位置以

利於辨識方位和尋找物品。目前本研究使用以下裝置及

技術：

1. 智慧型手機App系統架構設計
配合現今智慧型手機的Android系統來設計一個語音式

App系統，當視障者對手機以語音的方式發出指令，該
App便會對指令利用Google語音進行辨識並傳送訊號給
該物品上的語音裝置，當語音裝置接收到訊號時便會發

出之前錄製好的語音來提醒視障者該物品之方位。

2. 無線傳輸裝置
ZigBee技術是一種無線傳輸技術，符合IEEE802.15.4

標準，工作頻率為868MHz、915MHz或2.4GHz。強調低
成本、低耗電、雙向傳輸、感應網路、多點連線等功能

特色。

但市面上販售之智慧型手機無法直接與ZigBee做連接的
動作，因此使用手機內建之藍芽功能連接協調器

(Coordinator)的外部藍芽模組來完成此無線傳輸裝置。
3. 無線發聲裝置
發聲裝置之電路是由ZigBee的終端設備(End Device)接

收模組，結合可錄音20秒型號為ISD1820的語音IC與型
號為LM386的訊號功率放大器IC及揚聲器(Speaker)整合
而成。

二、 文獻探討

在由於本研究為電子技術在視障者環境感知與尋物之

實際應用，故在構思本系統時，亦查詢許多學界之相關

論文，但發現目前現有之論文多為探討輔助視障者之學

習、躲避障礙物、衛星導航定位等功能的研究居多，而

應用於輔助視障者環境感知之相關輔具則尚為缺乏。

以下為尋遍業界相關資訊後所找出之目前最貼近環境

感知之主題且已發表上市之產品的設計理念回顧與討論

[1]。

2.1.1 EZ Find尋物器
美國市面上出售一種叫EZ Find的尋找器，其有效範圍

在三十英尺(約9公尺)之內。價格約新台幣900元。其具
體結構分兩部分：一部份是一塊不大的金屬裝置，叫“定
位警報器”。首先，將警報器粘貼附著在物品上。像手
錶、鑰匙、遙控器、盲文筆、錢包等，很容易遺失或被

遺忘的物品；另一部份是類似遙控器的實體，上有按鈕

及LCD顯示螢幕。使用者可透過在此遙控器上設定物品
之名稱，當找東西時，按下遙控器上之按鈕，並已透過

LCD來目視所設定的項目，物品上的警報器就會發出聲
響，即透過尋聲而去尋找該物品，提升尋找物品的效率

[2]。

2.1.2 市售之物品尋找器 (一對四)
根據相關文獻資料得知，台灣市面上販售的物品尋找

器，其功能與EZ Find類似。其結構為一母機及四子機，
最多可尋找四樣物品，母機如同遙控器，而子機則以吊

掛或其他方式附著於物品之上。母機上有四個顏色不同

的按鈕，分別對應各個顏色的子機，例如在母機上按藍

色鍵，則有藍色的子機會發出嗶嗶聲響及光，而此尋物

器的尋找範圍約15~20公尺，市售價格約1500新台幣左
右[3]。

2.2 相關產品探討:
EZ Find與台灣市面上的物品尋找器皆為電子技術在尋

找物品之應用，但台灣市面上的物品尋找器只能夠發出

聲響，卻無法得知該物品是何物，又其母機上之按鈕數

目為固定，功能明顯不足，且價格偏高，EZ Find雖可以
利用其遙控器之上的LCD顯示螢幕得知當下發出聲音的
警報器是附著於何物之上，但此種透過目視螢幕的方法

並不適用於視障者。

上述兩種產品之設計與使用理念只適合一般使用者，

並非針對視障者之需求所設計。

本研究則探討上述產品之特性後加以改良成適合視障

者使用的尋物輔具在根據其原理再加上自行研發視障者

專用環境感知的設備，當視障者使用手機辨識語音時，

依照其辨識結果使附著於該物品上的語音裝置發出物品

名稱的語音。
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Fig. 3. BER of the MRC receiver with full and partial CSI in AF relay
systems. σ2

fi
= 1 and σ2

gi
= 1 for i = 1, 2, · · · , L. σ2

gi
/σ2

fi
= 1.

Fig. 4. BER of the MRC receiver with full and partial CSI in AF relay
systems. σ2

fi
= 1 and σ2

gi
= 10 for i = 1, 2, · · · , L. σ2

gi
/σ2

fi
= 10.

Finally, Fig. 5 illustrates the BER performance of the MRC
receiver when the relays are closer to the source than the
destination. In this scenario, we set the channel variances
σ2
fi

= 10 and σ2
gi = 1 for i = 1, 2, · · · , L. It can be seen

in Fig. 4, there is almost no any SNR degradation due to the
replacement of a2i |gi|2 by a2iσ

2
gi in the MRC receiver. The

reason behind this phenomenon is that the larger σ2
fi

results
in the smaller amplification gain ai and the difference between
a2i |gi|2 and a2iσ

2
gi is scaled down by a2i . Therefore, it is more

desirable to select neighboring relays to cooperative, especially
when the MRC receiver with partial CSI is a preferred choice.

V. CONCLUSIONS

For AF relay systems in Rayleigh fading channels, we
proposed an low-complexity receiver which only requires

Fig. 5. BER of the MRC receiver with full and partial CSI in AF relay
systems. σ2

fi
= 10 and σ2

gi
= 1 for i = 1, 2, · · · , L. σ2

gi
/σ2

fi
= 0.1.

partial CSI to perform MRC. The performance of the proposed
scheme was analyzed accurately based on the MGF approach.
Our analysis shows that the SNR loss due to partial CSI
depends on the relative magnitude of the channel variances of
the SR links and the RD links. To minimize the performance
loss due to partial CSI, the position of the relay should be
placed closer to the source than to the destination.
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