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Abstract—WLAN IEEE 802.11n is recent wireless data
communication technology which provides high throughput and
high performance. These features are definitely determined by
the strength of MIMO decoder. The existing MIMO decoder of
WLAN 802.11n is based on linear method, i.e Zero Forcing (ZF)
and Minimum Mean Square Error (MMSE). Both of them are
low in complexity but poor in performance. In the other hand
Maximum Likelihood Detection method demonstrates optimal
performace but with very high in complexity. This paper presents
our research in developing a high performance low complexity
MIMO decoder for WLAN 802.11n by implementing K-Best
method. Simulation of WLAN 802.11n 2x2 with QPSK, 16QAM,
and 64QAM modulation order is conducted under channel model
B of TGn. By target BER of 10%, the performance and
complexity of each decoder are analyzed. The results show that
K-Best detector achieves near-MLD performance, only degrade 1
dB, and has much better performance compared to ZF and
MMSE with average 12 dB to 8 dB. The complexity ratio of the
K-Best to MLD will significantly decrease as the increasement of
transmitter antena (N1x) and modulation order, i.e 46,9 % for
QPSK to 5,27 % for 64QAM in Nr1x=2.

Keywords—IEEE WLAN 802.11n, MIMO, OFDM, K-Best
method

I. INTRODUCTION

Wireless LAN is a wireless technology which mainly used
for voice and data communication. There are two techniques
used in WLAN Development. The first one is Orthogonal
Frequency Division Multiplexing (OFDM). OFDM is a multi
carrier transmission technique, where the subcarrier used are
orthogonal each other, thus overlapping would not result in
interference. Applying this technique yields multipath fading
channel become flat fading channel. The second technique is
MIMO (Multi Input Multi Output) which is used to maximize
spectral efficiency. MIMO employs multiple antennas at both
ends to take advantages of multipath environment without
additional bandwidth.

OFDM technique has been applied in 802.11a with SISO
antenna configuration. It operates in SGHz Frequency [1].
Further development is applying MIMO-OFDM in 802.11n
[2]. As an extension of WLAN 802.11a/g with MIMO
technique, WLAN 802.11n promises more robust and higher
throughput. Within the same 20 MHz of bandwidth, WLAN
802.11n offers five folds in throughput, i.e. 270 Mbps and by
doubling the bandwidth into 40MHz it rises ten times of
throughput, i.e. 540 Mbps compared to WLAN 802.11a/g.
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Therefore WLAN 802.11n is called high throughput (HT-
WLAN). [3].

The use of same channel to transmit multiple independent
data requires a special technique to get back the sent
information. This job is handled by MIMO decoder. Linear
methods used by the existing MIMO decoder of WLAN
802.11n are Zero Forcing (ZF) and Minimum Mean Square
Error (MMSE). Both of them are low in complexity but poor
in performance. In the other hand, one theoritical technique
known for its optimal performance is Maximum Likelihood
Detection (MLD). It has highest performance but the
complexity would grows exponentially as the increasement of
number of transmit antennas and modulation order [4]. The
previous researches concerning the development of high
performance low complexity MIMO decoder have taken non
linear method as a derivation of MLD such as Sphere
Decoding and Trellis Algorithm. [5,6].

This paper focuses on performance improvement of
WLAN 802.11n by implementing K-Best method as MIMO
decoder. The performance and complexity of each method, i.e.
ZF, MMSE, MLD, and K-Best are compared within the same
parameters of MIMO Spatial Division Multiplexing (SDM) at
2 x 2 MIMO configuration with order modulation QPSK, 16
QAM, and 64QAM. Simulations are conducted under channel
model B of IEEE 802.11TGn representing the coverage area
of a small office.

The rest of this paper is organized as follows. In Section II
MIMO system in WLAN IEEE802.11n is briefly reviewed.
Section III contains the stages and the parameters of
simulation with the analysis of simulation’s resultan and
finally conclusion is drawn in Section I'V.

II. MIMO SYSTEM

A. MIMO Channel Model

MIMO is one of diversity technique which is used to
suppress fading and interference from other user, and to raise
data rate without additional bandwidth. There are two MIMO
scheme which are widely used, they are Space Time Block
Code (STBC) and Spatial Division Multiplexing (SDM).

SDM means several independent data streams transmitted
over different transmit antennas in the same bandwidth. On
SDM system, the minimum number of transmit antennas
equals to the number of receive antennas. MIMO
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configuration with 4 transmit antennas and 4 receive antennas
is shown in fig. 1.
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Fig. 1. 4 x4 MIMO system

In a MIMO system with N7x transmitter and N&x receiver
antennas , the channel model can be described as:

y=Hs+n (1)

where y is received symbol, H is channel matrix, s is
transmitted symbol, and n is noise.

B. MIIMO Decoding

The task of MIMO detector is to recover s from y by
soliving (1). Conventional WLAN 802.11n has 2 linear
decoding method, such as ZF and MMSE which discussed
briefly bellow.

i. Zero Forcing (ZF)

ZF method eliminates channel’s effect by simply multiply
the receive signal by the inverse of estimated channel matrix,
symboled by matrix W, without considering the additive
noise. where the weight of W is set so that WH = I, which
would be satisfied by :

W = (H¥H) *H" )
The information is obtained by:

§=Wy
s=WHs+n ) 3)
§=s5+Wn
ii. Minimum Mean Square Error (MMSE)
Differs from ZF, MMSE method considers the additive
noise when defining the coefficient weight 7, as :

W = [HFH + nl]-'HF ()

Where I is matrix identity. When the noise factor is zero,
MMSE equation is same as ZF equation.

The complexity computation of linear decoding method is
calculated by following formula [5]:

K= NTx2+ N« (5)
iii. Maximum Likelihood Detection (MLD)

MLD compares the euclidean distance of the received
signal to all possible transmitted symbol or symbol candidate
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to find symbol with the minimum euclidean distance. The
Maximum Likelihood Detector solve the following equation :

§ = argminlly — Hs ||*
(6)
The complexity of MLD can be calculated by :
K= MU= NE 7

where M is modulation order used. The example of MLD
detection depicted in fig. 2
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Fig. 2. MLD algorithm represented in tree diagram for BPSK modulation
and 4 transmit antennas (i=1,2,,,Nrx)

iv. K-Best Detector

Following standard simplification by aplying QR
decomposition on channel matrix H [6] [7], the MLD
detection rule (6) can be written as (8) :

§ = argmin |l¥ — Rsll? (8)
such that
H=QR
and
¥ = Q%

where Q is a unitary matrix of size Nrx X N1x and R an
upper triangular matrix of size Nty X Nry.
Expanding vector norm in (8) yields

Nrx|  Mrr )
£ = argmin Z = Z R;; s )
i=1 j=i

Starting from i = Ny, (9) can be solved recursively as
follows :

Ti (B) = Tjyy (Byy) + leg ®) (10)
TNr_i{*F:\'r_,_} =10
where
Ti(P;) > Tt (Pis1) (11)
and
Ny
«(B) = F- ) Rys (12

413



Proc. of 2015 2" Int. Conference on Information Technology, Computer and Electrical Engineering (ICITACEE), Indonesia, Oct 16-18™

In (10)-(12), P;=[si, siﬂ,...sNT]T is known as partial symbol

vector. Fig. 3 associate (10) with a tree diagram.

l5=1)

Fig. 3. K-Best algorithm represented in tree diagram for BPSK modulation, ,
K =2 and 4 transmit antennas (i=1,2,,,Nry)

Each node in the tree corresponds to a so-called partial
Euclidean distance (PED) Ti(s?). In K-Best algorithm a
breadth-first tree is conducted to search for solution of (9) i.e.
the detector visits all siblings of a node before it proceeds to
the next level. Instead of expanding every node at each layer
of the tree, we only keep the best K node that have the
smallest accumulated PEDs. Each path in the tree corresponds
to a signal vector s. The path with smallest PED is the
detection result. The choice of K is a trade-off between BER
performance and computational complexity.

Fig.3 illustrates K-Best detection on MIMO system with
BPSK modulation, 4 transmit antennas and K = 2. The black
nodes denote the K best nodes that stored at each level, and the
grey nodes are the pruned ones, which did not succed in the
selection. Nodes that have not been visited at all, are shown as
white nodes. It should be noted that the impact of tree pruning
becomes more significant when the number of transmit
antenna increases and a higher modulation order is used.

The complexity of K-Best is calculated by each of i-th
stage, by decipher matrix operation on equations (8), (10), and
(12). Equation (8) shows that there are 1 operation addition /
subtraction and 1 matrix multiplication operations. In the
initialisation the amount of addition and multiplication for all
nodes passed through will be calculated. For example, in fig.
3for i-levery combination of symbol is multiplied by the
received signals, so that there are 2 combinations according to
BPSK constellation points. The considered nodes are the black
and the grey ones, therefore for K = 2, there are 4 considered
nodes for i = 3 to i = 1. So the number of addition operations
is equal to the multiplication operations that is 14. From (10),
we can see that there are addition and multiplication
operations on each node. The example of (10) calculation in 4
x 4 MIMO system are as follows :

TuP) =Ts (Ps) + |7 — B, Ryps,|?
Ts(Ps) =Ta(Ps) + |F — ¥, Ryasy + Bpusif (13)
ToiPs) =Ts(Ps) + |7 — IM Rps, 4 Rus, + R’
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TP} =To(P2) + |F —E% R, 5, + Rosy + Rus, + Rous,

the QR decomposed channel matrix are :

RDD RDI RD: RD!

0 R E,. R

R= 11 12 12
0 0 Ry Ry (14)
0 0 0 Ra

From (14) we konow that

e Fori=4 (line 4), there is 1 matrix (R33) which value # 0.
There is only 1 addition.

e For i =3 ( line 3), there are 2 matrices (R22, R23) which
value # 0. There are 2 additions and 1 multiplication.

e Fori=2 (line 2), there are 3 matrices (Ri1, Ri2, Ri3) which
value # 0. There are 3 additions and 2 multiplications.

e Fori=1 (line 1), there are 4 matrices (Roo, Roi, Ro2, Ro3)
which value # 0. There are 4 additions and 3
multiplication operations.

There is also addition operation when accumulating PED
for each node succeeded in i-th stage. So there are M? addition
operations for i = N1y, and K-numbered x M for i = (N1x-2) to
i=1.

III. SYSTEM DESIGN AND RESULT

Block diagram of WLAN 802.11n receiver with two
antennas is shown in fig. 4. The MIMO decoder is put after
phase tracker.
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Fig. 4. Receiver diagram of the WLANS02.11n with two antennas

The flowchart of K-Best detection method shown in fig.
5. In this test, we will conduct research of MIMO decoder
performance in 2 x 2 antenna configuration, coding rate 3/4,
with QPSK, 16 QAM, 64QAM modulation order. The choice
of Kis 2.
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Fig. 5. Flowchart of K-Best detection method

In IEEE 802.11n standard, this configuration is
represented in Modulation and Coding Scheme (MCS) 10, 12,
and 14. This is a simple representation of WLAN 802.11n
setting which defines the modulation type, coding rate,
number of spatial stream, and the throughput. As an example,
when the WLAN 802.11n is set to MCS 14 with 40 MHz of
bandwidth, it defines the modulation is 64-QAM, coding rate
is 3/4, number of spatial stream is two, with the throughput up
to 243 Mbps. The simulation is done under TGn channel
model B. The full simulation parameter is shown in table 1.
Performance comparison of three methods interference

canceller which conducted based on the same MCS setting are
shown in fig. 6, 7, and 8.

TABLE L. SIMULATION PARAMETERS
Parameter Value
Iteration 1000

Subcarrier modulation QPSK,16QAM,64QAM
Antenna configuration 2x2
Coding rate 3/4
Bandwidth 40 MHz
MIMO decoder ZF, MMSE, MLD, K-best
Number of data per packet 1000 octet
Channel Model B of IEEE TGn
Forward Error Correction BCC with Viterbi
Throughput (Mbps) 81,162,243
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A. Test Results

Simulation result on MCS 10 is shown in fig 6. MLD
achieves the target BER at 16,5 dB, ZF at 29,5 dB, MMSE at
24 dB and K-Best at 18 dB. This means that the performance
of the K-Best decoder is better than ZF and MMSE about 11.5
dB and 6.5 dB, respectively. The difference in the
performance of K-Best method to MLD is only 1,5 dB.

Simulation result on MCS 12 is shown in fig 7. MLD
achieves the target BER at 22 dB, ZF at 34,5 dB, MMSE at 31
dB and K-Best at 23 dB. This means that the performance of

the K-Best decoder is better than ZF and MMSE about 8,5 dB
and 8 dB while the difference to MLD is only 1 dB.
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Fig. 6. Performance comparison of WLAN 802.11n MCS-10 with MIMO
decoder based on ZF, MMSE, MLD, and K-Best method.

- - =B=r
¥ == MMSE |

Kebast []
AL SON == ||

Fig. 7. Performance comparison of WLAN 802.11n MCS-12 with MIMO
decoder based on ZF, MMSE, MLD, and K-Best method.
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Fig. 8. Performance comparison of WLAN 802.11n MCS-14 with MIMO
decoder based on ZF, MMSE, MLD, and K-Best method.

Test result on MCS 14 is shown in fig 8. MLD achieves the
target BER at 29 dB, ZF at 39 dB, MMSE at 37,5 dB and K-
Best at 30,5 dB. This means that the performance of the K-
Best decoder is better than ZF and MMSE about 8,5 dB and 7
dB while the difference to MLD is 1,5 dB.

B. Complexity Analysis

The complexity comparison of each decoder is shown in
table 2. It can be verified that as the number of spatial streams
and modulation order are increased, the complexity of MLD
getting very high. However, the complexity ratio of K-Best to
MLD decreases significantly. These results show low
complexity of K-Best method as a MIMO decoder.

TABLE IL COMPLEXITY COMPARISON
complexity
NTx | Modulation - n(i": addition + multiplication) Clgir]lglzl:tx;it]il/[ Et)io
Receiver MLD K-Best
QPSK 6 128 60 46,9%
2 16QAM 6 1048 400 38,2%
64QAM 6 32768 1728 5,27%
QPSK 12 1152 244 21,2%
3 16QAM 12 36864 2096 5,69%
64QAM 12 2359296 26816 1,14%
QPSK 20 2048 392 19,14%
4 16QAM 20 2097152 2736 0,13%
64QAM 20 536870912 29376 0,0055%
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IV. CONCLUSION

We have succeded implementing K-Best method on
MIMO decoder for IEEE WLAN 802.11n. Run test under
small office channel model shows that K-Best demonstrates
much better performance than the existing method, i.e. ZF and
MMSE. It achieves a near-MLD performance with average
difference only 1 dB.

From complexity comparison point of view, the ratio of K-
Best to MLD will decrease significantly with increasing
number of transmit antennas and modulation order used. As a
future research, it is expected to determine the algorithm to
find the optimal K value. The choice of K is a trade-off
between BER performance and computational complexity

References

[11 “Supplement to IEEE STANDARD for information Technology
— Telecomunication and information exchange between systems
— Local and Metropolitan area Networks — Specific
Requirements”, IEEE Std 802.11a — 1999(R2003), Juni 2003

[2] "Draft STANDARD for Information Technology -
Telecommunications and Information Exchange between
Systems - Local and Metropolitan Area Networks - Specific
Requiretments”, IEEE P802.11n./D9.0, March 2009.

[3] E. Perahia and Robert Stacey, “Next Generation Wireless
LANs-  Throughput, Robustness, and Reliability in
802.11n”.Cambridge University Press, 2008.

[4] Wahyul Amien SYAFEI, Reza “Perbaikan Kinerja WLAN
IEEE802.11n Dengan Implementasi Dekoder MIMO Berbasis
Maximum Likelihood Detection,” Konferensi Nasional Forum
Pendidikan Tinggi Teknik Elektro Indonesia (FORTEI),
Universitas Indonesia, Jakarta, 20 — 22 September 2012.

[5] Yama Aryadanangjaya, Wahyul Amien SYAFEI, Imam
Santoso, “Implementation of Trellis Detector Based MIMO
Decoder in WLAN IEEE 802.11n,” International Joint
Conference on Advanced Engineering (IJCAE) 2012,
Diponegoro University, Semarang, Indonesia, October, 18-19,
2012. Proceedings pp.117-121. ISBN: 978-602-097-299-2.

[6] Wahyul Amien SYAFEI, Anky Setyadea, Imam Santoso “High
Performance Low Complexity for High Throughput WLAN
802.11n System,” The 1st Conference on Information
Technology, Computer, and Electrical Engineering (CITACEE)
2013, Diponegoro University, Semarang, Indonesia, November,
16, 2013. Proceedings pp.84 - 88. ISSN: 2338 - 5154.

[71 Ramin Shariat-Yazdi, Tad Kwasniewski. 2008.”Configurable
K-Best MIMO Detector Architectur ”. Department of Electronics
Carleton University, Ottawa, Canada

[8] E.Zimmerman, W. Rave, Gerhard Fettweis. ”’On the complexity
of Spere Decoding” Dresden University of Technology,
Vodafone Chair Mobile Coomunication Systems, D-01062
Dresden, Germany.2003.

416



	Front Matter
	Inner Cover
	Copyright Statement
	Foreword from General Chair of ICITACEE 2015
	Foreword from Dean of Engineering Faculty
	Foreword from Chief of Computer Engineering Department
	Foreword from IEEE Indonesia Section Chair
	Conference Committee
	Schedule of Events
	Table of Contents

	Keynote Speakers
	Novel Device Architectures and Carbon Based Materials for Future Nanoelectronics
	Razali Ismail

	Distributed Consensus Control of Robot Swarm with Obstacle and Collision Avoidance
	Bambang Riyanto Trilaksono

	Context-Awareness: Connecting Computing with Its Environment
	Lukito Edi Nugroho


	Information and Computer Technologies
	Exploring the Perception of Indonesian Students on Mendeley Reference Management Software in Academic Writing
	Muhammad Basri
	Andi Anto Patak

	Time Series Forecasting Using Exponential Smoothing (To Predict the Number of Visitor of the Website of Sebelas Maret University)
	Rini Anggrainingsih
	Gilang Romadhon Aprianto
	Sari Widya Sihwi

	Model of Human Resources for Health Information Systems
	Bens Pardamean
	Timor Utama
	Diah Rostanti Fadilah

	CANREG 5 Networks for Indonesia
	Bens Pardamean
	Teddy Suparyanto
	Diah Rostanti Fadilah

	Popular Games, Can Any Concept of Cognitive Preschoolers Be in It?
	Endah Sudarmilah
	Adhi Susanto
	Ridi Ferdiana
	Neila Ramdhani

	An Integrative Framework of COBIT and TOGAF for Designing IT Governance in Local Government
	Iis Hamsir Ayu Wahab
	Assaf Arief

	Fuzzy MADM for Major Selection At Senior High School
	Fata Nidaul Khasanah
	Adhistya Erna Permanasari

	Sentinel Web: Implementation of Laravel Framework in Web Based Temperature and Humidity Monitoring System
	Lathifah Alfat
	Aris Triwiyatno
	R. Rizal Isnanto

	Impact of Service-Oriented Architecture Adoption in Information System
	Erick Fernando
	Derist Touriano
	Rico Rico

	Crosscutting Concerns Refactoring in Agent Framework
	Maman Somantri
	Lukito Edi Nugroho
	Widywan Widyawan
	Ahmad Ashari

	Developing Agent Application Using Aspect Oriented Aglets Framework
	Maman Somantri
	Lukito Edi Nugroho
	Widywan Widyawan
	Ahmad Ashari

	Autoregressive Integrated Moving Average Modeling in the Financial Market
	Peihao LI
	Chaoqun Jing
	Tian Liang
	Zhenglin Chen
	Mingjia Liu
	Li Guo

	User Experience Model in the Interaction Between Children with Special Educational Needs and Learning Media
	Tri Sagirani
	Lukito Edi Nugroho
	Paulus Insap Santosa
	Amitya Kumara

	Performance Analysis of Edge and Detailed Preserved Speckle Noise Reduction Filters for Breast Ultrasound Images
	Dina Arifatul Khusna
	Hanung Adi Nugroho
	Indah Soesanti

	Virtual Sensor for Time Series Prediction of Hydrogen Safety Parameter in Degussa Sintering Furnace
	Dede Sutarya
	Adhi Mahendra

	Expert System Applications for Early Diagnosis Teeth and Oral Disease in Children
	Septya Maharani
	Nataniel Dengen
	Galih Yudha Saputra
	Dyna Marisa Khairina
	Heliza Rahmania Hatta

	Department Recommendations for Prospective Students Vocational High School of Information Technology with Naïve Bayes Method
	Dyna Marisa Khirina
	Fajar Ramadhani
	Septya Maharani
	Heliza Rahmania Hatta

	Data Acquisition and Processing of Movement and Position for AUVs with Experiment Results
	Nanang Syahroni
	Hari Wahjuningrat Suparno
	Henggar Budiman
	Choi Jae Weon
	Yuniar Riska W.P.
	Metha Puspa I.

	Feature Extraction for Classifying Lession's Shape of Breast Ultrasound Images Using Adaptive Median Filter
	Hesti Khuzaimah Nurul Yusufiyah
	Hanung Adi Nugroho
	Teguh Baratha Adji
	Anan Nugroho

	The Role of Management Information System in Data Surveillance of Maternal and Child Health
	Kurniawan Teguh Martono
	Yudhi Dharmawan

	Stroke Identification System on the Mobile Based CT Scan Image
	Oky Dwi Nurhayati
	Ike Pertiwi Windasari

	Design of Management Information Systems Research, Publications and Community Service
	Kodrat Iman Satoto
	Kurniawan Teguh Martono
	R. Rizal Isnanto
	Rinta Kridalukmana

	Application of Liver Disease Detection Using Iridology with Back-Propagation Neural Network
	R. G. Alam Nusantara Putra Herlambang
	R. Rizal Isnanto
	Ajub Ajulian Z.

	Geographics Information System of Islamic School in Cilacap
	Isti Qomariyah Kumala Dewi
	Ike Pertiwi Windasari
	Kodrat Iman Satoto

	Portability Characteristic Evaluation Academic Information System Assessment Module Using AIS Quality Instrument
	Umi Laili Yuhana
	Istiningdyah Saptarini
	Siti Rochimah

	Generic Social Network Data Crawler Using Attributed Graph
	Rinta Kridalukmana

	Statistical Methods' Application in Comprehensive Sustainability Index and Its Application in Regional Sustainability Measurement
	Peihao Li
	Mingjia Liu

	Study on the Correlation of Web Repository Ranking to the Green Campus Ranking of Indonesian Universities
	Adian Fatchur Rochim
	Riri Fitri Sari

	Palmprint Recognition System Based on Principle-lines Feature Using Euclidean Distance and Neural Network
	R. Rizal Isnanto
	Ajub Ajulian Z.
	Eko Didik Widianto

	Multiplying Cipher Images on Visual Cryptography with ElGamal Algorithm
	Alexander Edi Suranta Kacaribu
	Ratnadewi Ratnadewi

	Vowel Pronunciation in Indonesian Language Recognition Using the Lips Angle Measurement and Lips Area
	Ratnadewi Ratnadewi
	Adhi Fajar Sakti Wahyudi
	Anisa Fardhani Prasetyaningtyas

	Electromyography (EMG) Signal Compression using Sinusoidal Segmental Model
	Florentinus Budi Setiawan
	Siswanto Siswanto


	Green Technology
	A Mobile Diabetes Educational System for Fasting Type-2 Diabetics in Saudi Arabia
	Mohammed Alotaibi

	Review: Interoperability Model of eGoverment Services
	I Wayan Ordiyasa
	Lukita Edi Nugroho
	Paulus Insap Santosa
	Ridi Ferdiana
	Wahyudi Kumorotomo

	Expert System for Campus Environment Indexing in Wireless Sensor Network
	Sumardi Sumardi
	Oky Dwi Nurhayati
	Muhammad Naufal Prasetyo
	Eko Didik Widianto

	Optimization of Photovoltaic Farm Under Partial Shading Effects Using Artificial Intelligent Based Matrix Switch Controller
	Antonius Rajagukguk
	Dedet Candra Riawan
	Mochamad Ashari

	Implementation of Photovoltaic and Simple Resonant Power Converter for High Frequency Discharge Application
	Mochammad Facta
	Hermawan Hermawan
	Nngurah Ayu Ketut Umiati
	Zainal Salam
	Zolfakle Buntat

	Feature Extraction and Classification for Detection Malaria Parasites in Thin Blood Smear
	Hanung Adi Nugroho
	Son Ali Akbar
	E. Elsa Herdiana Murhandarwati

	An Epileptic Signal Preictal Ictal Using PCA, K-Means, K Nearest Neighbors
	Siswandari Noertjahjani
	Risanuri Hidayat
	Samekto Wibowo
	Adhi Susanto


	Electronics and Devices
	Two Phase Flow Imaging Using Infra Red Tomography
	Sallehuddin Ibrahim
	Muhammad Abu Bakar Sidik
	Mohd Amri Md Yunus

	Design of Self Balancing Pitch Control in Fixed Wing Unmanned Aerial Vehicle with Fuzzy Logic Controller
	Aris Triwiyatno
	Wahyul Amien Syafei
	Teguh Prakoso
	Budi Setiyono
	Aristya Panggi Wijaya

	Intensity Average Value of Image Segmentation for Infrared Image of Environmental Condition
	S.R. Sulistiyanti
	M. Komarudin
	L. Hakim
	A. Yudamson

	FPGA-Based System for Countinous Monitoring of Three Human's Body Vital Signs
	Aminuddin Rizal
	Munawar Agus Riyadi
	Darjat Darjat

	Robust Control Design for a Spindle of Lathe Machine
	Moh Khairudin

	Smart Controller Design of Air to Fuel Ratio (AFR) and Brake Control System on Gasoline Engine
	Aris Triwiyatno
	Enda Wista Sinuraya
	Joga Dharma Setiawan
	Suroto Munahar

	Design of Prepaid Energy Meter Based on PROTEUS
	Heribertus Himawan
	Catur Supriyanto
	Adrin Thamrin

	The Development of Track Record Application for Conservation Activity and Wildlife in Indonesia
	Arie Vatresia
	Jonathan Sadler
	Rendra Regen Rais

	A High Speed Low Power Reading Scheme in DRAMs Using Resonant Tunneling Diode
	Ahmed Lutfi Elgreatly
	Ahmed Ahmed Shaaban
	El Sayed M. El-Rabie

	Control System of Train Speed Based on Fuzzy Logic Controller
	Reza Dwi Utomo
	Sumardi Sumardi
	Eko Didik Widianto

	Comparison Methods of Noise Elimination for Pregnancy Image Processing
	Moh Khairudin
	D. Rahmawati

	Maximum Power Point Tracking Simulation for a Photovoltaic System
	Susatyo Handoko
	Tejo Sukmadi

	Design of Multisensor IMU for Land Vehicle
	Wahyudi Wahyudi
	Ngatelan Ngatelan

	Numerical Design of Dual Resonant Phased Array RF Coil for MRI 3T and 7T System
	Basari Basari
	Sri Yuliyanti
	Eko Tjipto Rahardjo
	Fitri Yuli Zulkifli

	Property Investigation of Nanofiber Polyaniline as Active Material for Biosensor
	Ngurah Ayu Ketut Umiati
	Mochammad Facta
	Kuwat Triyana
	Kamsul Abraha

	The Depletion Influence on the Non-planar Vertical MOSFET Threshold Voltage
	Munawar Agus Riyadi
	Darjat Darjat
	Teguh Prakoso
	Jatmiko E. Suseno


	Power Systems
	Reduction of Harmonic with LLCL Filter on Residential Loads 450 VA and 900 VA in Central Java, Indonesia
	Sapto Nisworo
	Hamzah Berahim
	Suharyanto Suharyanto
	Tumiran Tumiran

	A Three-phase Power Flow Analysis for Electrical Power Distribution System with Low Voltage Profile
	Lukmanul Hakim
	Muhamad Wahidi
	Umi Murdika
	Federico Milano
	Junji Kubokawa
	Naoto Yorino

	Design of Photovoltaic Powered Converter to Provide AC Controlled Voltage Source
	Slamet Riyadi

	Smart Monitoring of Electrical Quantities Based on Single Board Computer BCM2835
	Gigih Forda Nama
	Dikpride Despa
	Muhamad Komarudin
	Mardiana Mardiana
	Ady Kurniawan

	Assessment of TRV Parameters and Overvoltages in Three-Phase Ungrounded Faults
	Alejandro Marmolejo
	Mirko Palazzo

	The Comparative Study of Buck-Boost, Cuk, Sepic and Zeta Converters for Maximum Power Point Tracking Photovoltaic Using P-O Method
	Soedibyo Soedibyo
	Budi Amri
	Mochamad Ashari

	Impact of High Penetration of Photovoltaic Generation on Voltage Fluctuation of Transmission and Distribution Systems
	Jimmy Trio Putra
	Sarjiya Sarjiya
	M. Isnaeni BS

	Study on Surface Resistance of Epoxy Resin Filled Silicon Rubber and Silica Due to Electrical Tracking
	Abdul Syakur
	Tumiran Tumiran
	Hamzah Berahim
	Rochmadi Rochmadi

	Blackout Risk Assessment for IEEE 30 BUS System
	Muhammad Usman Cheema
	Muhammad Usman Aslam
	Adnan Bashir
	Maria Komal
	Naila Kousar Rao

	Involving Generator Capability Curves in Optimal Power Flow
	Hermagasantos Zein
	Yutra Sabri

	Air Flow Numerical Simulation on Rotor-Stator Surface of Flux Axial Permanent Magnet Generator
	Prih Sumardjati Mulyaseputra
	Sasongko Pramono Hadi
	F. Danang Wijaya
	Suharyanto Suharyanto

	Harmonic Current Elimination in Industrial Power Systems
	Deria Pravitasari
	Deria Pravitasari
	Eka Firmansyah
	T. Haryono

	Interconnection of Hydro Power Plant through 20 kV Distributed Line to Improve Electrical Power Supply in Dieng – Central Java
	Mochammad Facta
	Hermawan Hermawan

	Morphological Analysis of Epoxy Resin After Electrical Tracking
	Juningtijastuti Juningtijastuti
	Abdul Syakur


	Telecommunications
	Energy Detector Threshold Under White Gaussian Noise Channel in Cognitive Radio System
	Nasrullah Armi
	Chaeriah Bin Ali Wael
	Muhammad Arshad
	Dadin Mahmudin
	Pamungkas Daud

	Modeling and Simulation of OFDM Scheme for Radio Over Fiber (RoF)
	Fauza Khair
	Fakhriy Hario P
	I Wayan Mustika
	Budi Setiyanto
	Sevia Mahdaliza Idrus

	Spectrum Sensing Performance in Cognitive Radio System
	Nasrullah Armi
	Chaeriah Bin Ali Wael
	Muhammad Arshad

	Performance of AOMDV Routing Protocol Under Rushing and Flooding Attacks is Manet
	Sukiswo Sukiswo
	Muhamad Rifqi Rifquddin

	SDN Based Data Center Designs Using Cisco ACI Architectures
	Atif Khan

	Multi-Objective Cuckoo Search Algorithm for Task Scheduling in the Cloud Environments
	Farnaz Sharifi Milani
	Nima Jafari Navimipour

	Investigation and Comparison of Expert Cloud and E-learning Systems
	Nima Jafari Nanimipour
	Batool Zareie

	Cooperative Fair Multichannel MAC Protocol for Cognitive Radio Ad Hoc Network
	Aghus Sofwan
	Salman A. AlQahtani

	Adaptive Blind Equalization for Differential SC-FDMA System
	Ziyan Jia
	Ming Wu
	Lianfeng Shen

	Implementation of K-Best Method for MIMO Decoder in WLAN 802.11n
	Wahyul Amien Syafei

	Basic Study of Multiple Symbol Differential Detection for SC-FDMA System
	Ziyan Jia
	Qiuye Li
	Lin Shen

	Performance Analysis of Transceiver 4 x 4 Space Time Block Coded MIMO-OFDM System
	Subuh Pramono
	Tommi Hariyadi
	Budi Basuki Subagio

	Implementation of Detection Device Method on Seamless Proxy Mobile Internet Protocol Version 6 (SPMIPv6)
	Wiwik Wiharti
	Ihsan Lumasa Rimra
	Rikki Vitria
	Igor Novid

	Managing Bandwidth Resource for Vehicular Ad-hoc Networks
	Sami S. Alwakeel
	Agung B. Prasetijo

	Measurement System of Temperature, Humidity and Air Pressure Over 433 MHz Radio Frequency. an Application on Quadrotor
	Budi Setiyono
	Sumardi Sumardi
	Rafdito Harisuryo

	TMS: Traffic Management System in VANETs
	Jetendra Joshi
	Manash Jyoti Deka

	HoMeTrack: RFID-based Localization for Hospital Medicine Tracking System
	Kurnianingsih Kurnianingsih
	Muhammad Anif
	Helmy Helmy
	Anton Satria Prabuwono

	Ontology-based Context Aware for Ubiquitous Home Care for Elderly People
	Kurnianingsih Kurnianingsih
	Lukito Edi Nugroho
	Widyawan Widyawan
	Lutfan Lazuardi
	Khamla Non-alinsavath

	Simulation of Attendance Application on Campus Based on RFID (Radio Frequency Identifiation)
	Dania Eridani
	Eko Didik Widianto

	A Comparative Analysis and Survey of Handoff for VoIP Applications in Mobile IPv6 Protocols
	Wiwik Wiharti
	Ihsan Lumasa Rimra
	Efrizon Efrizon
	Igor Novid


	Authors List

