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   60 GHz millimeter-wave (mmWave) based wireless communication system 

provides data rates of multiple Gbps. Propagation characteristic of 60 GHz is 

high-path loss, therefore IEEE 802.11ad device uses analog beamforming to 

overcome path-loss. IEEE 802.11ad device defines sector, which is beam pattern 

based pre-defined codebook, and IEEE 802.11ad device has multiple sectors. IEEE 

802.11ad access point (AP) provide the best sector through sector level sweep 

(SLS), which selects the sector that can obtain highest signal-to-noise ratio (SNR) 

among all sectors. However, AP triggers SLS while transmitting data, and time 

used for SLS becomes overhead. To reduce overhead of SLS, we propose face 

detection-based beamforming (FDB). FDB uses the face detection information to 

search and track the user's location so that AP can transmit data without SLS. 

We implement FDB on a commercial device, TP-link Talon AD7200 router, 

experiment and evaluate the scheme in a real environment. Our evaluation 

demonstrates that in the static environment, FDB shows up to 9.1 % higher 

throughput than SLS, and in the mobile environment, FDB shows 13.0 % higher 

throughput than SLS.  
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Chapter 1 
 

 

 

Introduction 
 

 

 

Recently, as the demand for multimedia and social network services 

(SNS) is exploding, the required data rate continuously increases. For 

example, in the case of virtual reality (VR), the required data rate is 1 Gb/s  

for real time streaming [1]. For 16 K ultra high definition (UHD) video 

streaming case, the target data rate is from 0.67 Gbps to 1.24 Gbps [3], which 

means that as the definition increases from 16 K to 32 K and 64 K, video 

streaming also requires much higher data rates. 

As the required data rate increases, the use of very high frequencies 

in wireless communication systems is essential. One of the corresponding 

systems is IEEE 802.11ad standard based on 60 GHz millimeter wave (mmWave) 

communication. Because the frequency characteristic of 60 GHz is high path 

loss, IEEE 802.11ad uses analog beamforming to overcome this. However, 

instead of providing beam to specific direction, IEEE 802.11ad device 

preliminarily obtains several pre-defined beam patterns, so called sectors, 

which can cover the entire azimuth/elevation angle, and select the best 

sector that provides the highest signal to noise ratio (SNR). IEEE 802.11ad 

access point (AP) obtains best sector by exhaustively searching all sectors, 

and this process is called sector level sweep (SLS). However, the biggest 
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problem of SLS is that AP trigger SLS during data transmission, and SLS 

operates in-band. It means that SLS disturb data transmission. Besides, in 

the future, IEEE 802.11ad devices have more sectors for higher directivities 

and fine-grained beam control [6], which results in more time spent on SLS, 

which in turn further increase overhead. Therefore, we need a scheme that 

reduces the overhead of SLS. 

In this paper, we propose a new sector selection scheme, face 

detection-based beamforming (FDB). FDB obtains best sector with the help of 

camera and server, and AP provides beam to user using best sector. That is, 

best sector selection is independent with data transmission because it is 

selected based on out-of-band information. By using FDB, AP can reduce the 

overhead of SLS and transmit more data to station (STA). The main 

contributions of this dissertation are as follows. 

1) We design, implement, and evaluate FDB scheme that tracks user by using 

out of band information. 

2) We verify that both RTX 2080ti and GTX 1080ti are suitable for FDB scheme. 

3) FDB achieves up to 9.1 % higher throughput in static condition and up to 

13.0 % higher throughput in dynamic condition than SLS. 

The rest of this dissertation is organized as follows. In chapter 2, we 

describe related work. In chapter 3, we describe background and present FDB, 

and chapter 4, we present the implementation of FDB. In chapter 5, we 

evaluate the performance of FDB and conclude the paper in chapter 6. 
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Chapter 2 
 
 

Related Work 
 

 

In this chapter, we briefly describe the schemes that complement 

beam training algorithm. In [6], the authors propose compressive millimeter-

wave sector selection. Compressive millimeter-wave sector selection 

algorithm tracks beam directions in 3D and does not rely on pseudo-random 

beams. It selects the best sector based on measured patterns and sweep only 

through a subset of probing sectors. In [8], the authors propose a new system 

architecture which couples mmWave and legacy 2.4/5 GHz band using out-

of-band direction inference. This scheme is similar to FDB because it serves 

the best beam to the user by using out-of-band information. However, these 

schemes only reduce the number of beams, and if the number of sector 

increase, the time taken these schemes also increase, and it results less data 

transmission. Therefore, these schemes still have overhead of SLS. In [7], the 

authors propose hierarchical codebook structures of beams to refine the 

beam training. The complexity to find the best beam is log 𝑁, but their scheme 

has to find the best beam each round. That is, if the number of round is 

increasing, the complexity becomes linearly increasing.  
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Chapter 3 
 
 
 

FACE DETEDTION-BASED BEAMFORMING 
 

 

 

In this chapter, we briefly summarize SLS and beam training 

processes of the existing IEEE 802.11ad standard. Then, we present the 

detailed process for FDB scheme. 

 

3.1  Legacy scheme – sector level sweep 

 

IEEE 802.11ad standard defines SLS algorithm for beam training [4]. 

The process of SLS algorithm is shown in Figure 3.1. Sector sweep is a 

process in which an AP sends a signal to an STA using all N sectors to find a 

sector that can provide the STA with the highest SNR. When SLS initiator 

trigger sector sweep, the responder also trigger sector sweep after receiving 

initiator’s sector sweep signal. In other words, the initiator and responder 

exchange probing frames. The initiator transmit a feedback signal using the 

best sector received from the responder's sector sweep, and the responder 

also transmit an acknowledgment signal using the best sector received from 

the initiator's feedback signal. IEEE 802.11ad standard defines beacon 

interval (BI), which consists of beacon header interval (BHI) and data 

transmission interval (DTI), which can be expressed as in Figure 3.1.  

(a) 
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Figure 3.1: Beamforming and beam training for IEEE 802.11ad. 
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In BTI, initiator sector sweep (ISS), responder sector sweep (RSS), feedback, 

and acknowledgement signal are transmitted. SLS that occurs in BHI is 

triggered at the beginning of the BI because SLS in BHI not only selects the 

best sector but also transmits the beacon information. SLS is also triggered 

in DTI, where SLS does not occur periodically and depends on algorithm of 

the device. That is, while AP transmits the data, if AP determines to realign 

the beam, SLS is triggered in the DTI. During SLS in the DTI, the AP cannot 

transmit data to the STA, which means that SLS in the DTI could become 

overhead. Therefore, we need a new algorithm that eliminates SLS occurred 

in the DTI, transmits the additional data, and simultaneously realigns the 

beam. 

 

3.2  Proposed scheme – face detection-based beam-

forming 

 

In order to eliminate SLS in DTI, we propose a new beamforming algorithm 

based on face detection. Figure 3.2.(a) describes overall process of FDB. The 

most important process of FDB is to select the best sector using out-of-band 

information (③). Figure 3.2.(b) describes this process, and it consists of as 

follows. 1) Detect user's face using camera installed in AP, 2) convert 

coordinates of face obtained from face detection to azimuth / elevation angle 

at server, 3) select sector that can provide best beam to corresponding 

azimuth / elevation angle. 



 

 7

 

(a) 

 

(b) 

Figure 3.2: FDB procedure: (a) Overall process of FDB and (b) FDB process in 

server. 
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The first process is to detect the user's face through the face 

detection algorithm. The camera is in a wired connection with the server, and 

transmits vision information to the server continuously (①, ②). To detect the 

face from this vision information quickly, we set up graphics processing unit 

(GPU) based server. 

The second process is to convert the face coordinates obtained 

through face detection into azimuth / elevation angle. We assume that 

position of the camera and antenna is the same. When face detection 

algorithm is activated, the user's face is detected and a rectangular box is 

drawn on the user face in the image. After that, by converting the center 

coordinates of the rectangular box to the azimuth / elevation angle of the 

camera, it is possible to specify the location at which the user is located with 

respect to the camera. 

The third process is to select a sector that can provide best beam at 

the azimuth / elevation angle and then transmit the sector number from 

server to the AP. Because the list of sectors that provide the best snr beam 

for a specific azimuth / elevation is pre-defined, the server can also obtain 

the best sector number corresponding to the calculated azimuth / elevation 

angle. Then server sends the sector number to the AP, and the AP transmits 

data to the user by using this sector number. 

In addition to the above three processes, we set on / off algorithm to 

turn off FDB and turn on SLS when face detection fails continuously. On / off 

algorithm is based on the total latency of FDB, and BI. Therefore, we should 
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first define the total latency of FDB, and the total latency can be expressed as 

follows. 

 

𝑡 = max 𝑡  ,  𝑡 +  𝑡  

 

Where 𝑡  is the time taken for the entire process of FDB, and 

𝑡  is the time to send the image from the camera to the server. At this 

time, the 𝑡  value is obtained based on the fps of the camera. For 

example, if you shoot at 60 fps with the camera, the 𝑡  will be 16.67 ms. 

𝑡  is the time taken to obtain the face detection algorithm and best sector 

in the server, and the time depends on the performance of the face detection 

algorithm and the GPU. In other words, the better the performance of the face 

detection algorithm and the better the performance of the GPU, the shorter 

the time of 𝑡 . 𝑡  is the network latency that it takes from the 

server to the AP, which is calculated as half the round trip time between the 

server and the AP.  

In Figure 3.3.(a) and 3.3(b), we describe the max 𝑡  ,  𝑡 . 

max 𝑡  ,  𝑡  is dependent on two conditions. The first condition is 

𝑡  > 𝑡 . In this case, AP waits until the next image is delivered before 

running the FDB, therefore the max 𝑡  ,  𝑡  value is 𝑡 . The 

second condition is 𝑡  < 𝑡 . In this case, AP runs the FDB using the 

most recently received image from the camera, therefore 

max 𝑡  ,  𝑡  becomes 𝑡 . 
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(a) 

 

(b) 

Figure 3.3: max 𝑡  ,  𝑡  determination conditions:  

(a) 𝑡  > 𝑡  and (b) 𝑡  < 𝑡 . 
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We also define the on / off threshold using 𝑡  and BI, which can 

be expressed as follows. 

 

 

 

where 𝑂  is the on / off threshold, 𝐶  is the failure count and the 

initial value of 𝐶  is zero. 𝑂  represents the maximum acceptable number 

of face detection failures. The on / off threshold is obtained by rounding down 

BI divided by the total time of FDB, because if the time taken to locate the user 

by face detection is longer than BI, it is faster to find the sector by SLS in BHI. 

On / off operation in FDB scheme is as follows. When face detection 

fails, 𝐶  is increased by 1. When face detection succeeds, 𝐶  returns to the 

initial value. When face detection continues to fail and 𝐶  reaches the on / 

off threshold, then FDB stops and triggers SLS. However, face detection 

algorithm continues to run while SLS, and if face detection is succeeded, AP 

stops SLS and runs FDB again. 
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Chapter 4 
 
 
 

Implementation of FDB 
 

 

 

We implement FDB on a commercial device, the TP-Link Talon 

AD7200 router [2]. Therefore, we explain FDB implementation of commercial 

device in this chapter. 

The commercial device implemented FDB is the Talon AD7200 router 

manufactured by TP-Link. The device contains a Qualcomm QCA9500 chipset 

that includes IEEE 802.11ad standard, which can be used for packet analysis 

of SLS and implementation of FDB. We use a Talon AD7200 device for both 

the transmitter and receiver, and locate a camera at the transmitter's 

antenna. The installed camera is for face detection algorithm, and the camera 

device is Logitech C922 Pro Stream Webcam. The webcam shows an azimuth 

angle of 70.42  and an elevation angle of 43.3 , and the frame rate is 60 fps 

for 720 p. The image obtained by the camera is transmitted to the server and 

applied the face detection algorithm. 

 We set the face detection because it has two advantages. First, many 

researches have been conducted on computer vision, and accordingly, the 

performance of face detection algorithms will be improved as computer 

vision research advances. Second, there are many open source of face 

detection algorithm, it is not limited to a specific algorithm. That is, if new 
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and high performance face detection algorithm is shared as the open source, 

we just change the face detection algorithm in FDB scheme. Therefore, we 

choose an algorithm that has a short processing time and good face detection 

performance. The algorithm we used to implement FDB is tensorflow-face-

detection [5]. This face detection algorithm is a mobilenet single shot multibox 

detector (SSD) based face detector with pre-trained model provided, powered 

by tensorflow object detection application programming interface (API), and 

trained by WIDERFACE dataset. Fps of this algorithm is tens of milliseconds 

when using the nvidia GTX 1080 GPU. 

IEEE 802.11ad based commercial devices have their own sectors, and 

the beam pattern is pre-defined for each sector. This means that if server 

knows beam pattern of each sector in advance, the sector number that can 

provide the best SNR for azimuth / elevation of the user can also be known. 

Therefore, we must obtain beam patterns for each sector of the device.  

Fortunately, the commercial device implemented FDB is Talon 

AD7200 router, and beam pattern of this device is shared for all sector. This 

data is provided by the SEEMOO group. [6] In the each 3D pattern data, the 

azimuth angle and the elevation angle are measured in units of 2.25  and we 

obtain a list of sectors that can provide best SNR for a specific azimuth / 

elevation angle. Using this list, the server selects sector which can provide 

best beam to user and transmits the sector number to the AP. 

In the case of on / off function, it depends on the 𝑡  value. And 

𝑡  can be affected by 1) the fps of the webcam camera 2) the processing 
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time of the face detection algorithm 3) the network latency, where 1) and 3) 

have less influence on 𝑡  than 2). Therefore, we set the server's GPU as 

RTX 2080ti and GTX 1080ti respectively to see how the latency of FDB varies 

with each processing time. 
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Chapter 5 
 
 
 

Evaluation 
 

 

 

 

We evaluate the performance of FDB in the indoor corridor 

environment. We use one AP and one STA for each experiment. The data we 

obtain are latency, throughput in static condition and throughput in dynamic 

condition when using GTX 1080ti and RTX 2080ti. We describe the experiment 

setup in chapter 5.1, and evaluate the data in chapter 5.2, 5.3, and 5.4. 

 

5.1  Experiment setup 

 

We evaluate FDB in an indoor corridor environment (see Figure 5.1), 

which has a size of 17.5 × 13.5 m. Experiments are conducted on GPU based 

server, respectively, and each experiment is divided into static condition and 

dynamic condition. In the case of a static condition, we use RTX 2080ti based 

server. We place the first device in the middle of the corridor as the AP and 

install the webcam in the same location. The experiment is performed after 

fixing the second device in three positions as STAs, and each position is −35 , 

0 , and 35  based on the position of AP. In the case of the dynamic condition, 

we use both GTX 1080ti and RTX 2080ti based server. We place the AP in the 

same manner as in the static condition, and the STA moves at v = 5 km/h in 

the order of −35 , 0 , and 35  , and then returns to the reverse. In both 
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Figure 5.1: Indoor corridor environment: Building 302 5th floor at Seoul 

National University 

 

 

Parameter Value 

𝑡  16.67 ms 

𝑡  2 ms 

BI 100 ms 

 𝐶 (t = 0) 0 

v 5 km/h 

Table 5.1: Evaluation parameters of 5.2, 5.3, and 5.4. 
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conditions, the AP transmits data to the STA for 20 seconds using SLS and 

FDB, respectively. In addition, we place a third device between the AP and the 

STA in both the static condition and the dynamic condition. The device 

operates in monitor mode during the operation of the talon AD7200 and 

captures all received beacon and sector sweep frames. After packet capture, 

the corresponding packets are analyzed using wireshark. The parameters we 

use in the experiments are described in Table 5.1. 

 

5.2 Latency 
 

Before we conduct the throughput measurement experiment with 

FDB, we first conduct the latency measurement experiment. There are two 

reasons for measuring latency, first reason is to compare with BI. If latency 

is higher than BI when applying FDB scheme, FDB loses its meaning. 

Therefore, it is necessary to determine whether latency is shorter than BI 

when using a specific GPU. Second is to set the on / off threshold value. Since 

the processing time varies depending on the performance of the GPU, we 

apply FDB scheme with different on / off threshold values for each GPU.  

Figure 5.2 shows the result of latency measurement when using GTX 

1080ti and RTX 2080ti. The red line means beacon interval, and if the latency 

value is bigger than BI, it means that the GPU is not suitable for FDB scheme. 

Since 𝑡  consists of max(t , t )  and 𝑡 , we measure each 

value. In case of GTX 1080ti, 𝑡  is 43 ms, 𝑡  is 45ms, and the on / off 

threshold is 2. In case of RTX 2080ti, 𝑡  is 22 ms, 𝑡  is 24 ms, and the
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Figure 5.2: FDB Latency of GTX 1080ti server and RTX 2080ti server. 
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on / off threshold value is 4. This is summarized as follows. First of all, the 

GTX 1080ti and RTX 2080ti used as server GPUs are suitable GPUs to use FDB 

based tensorflow-face-detection. When the GPUs are used, latency values are 

different, but the values are lower than the BI. Second, when using a high-

performance GPU, latency is shortened because there is a gain in processing 

time. 

 

5.3  Throughput enhancement of static condition 

 
 

We next evaluate the throughput of the static condition. We use RTX 

2080ti based server for FDB experiment. Figure 5.3 shows the results of 

measuring throughput at different positions in static condition. Comparing 

the throughput between SLS and FDB, we observe that higher throughput can 

be obtained when using FDB. In detail, the average throughput is 9.1% higher 

than SLS at 0 , 8.5% higher than SLS at −35 , and 8.9% higher than SLS at 

35 . Because FDB eliminates SLS in the DTI and provides the best beam using 

out of band information, the time used for SLS can be used for data 

transmission, and throughput is increased accordingly. Furthermore, in all 

three cases, 𝐶  did not reach 𝑂 . It means that no face detection failure 

occur, therefore FDB is on for 20 seconds. This result shows that using FDB 

is better than using SLS in a static condition. 
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Figure 5.3: Average throughput of SLS and FDB in static condition.  
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5.4  Throughput enhancement of dynamic condition 
 

 

We finally evaluate throughput in dynamic conditions. Figure 5.4 

shows the results of measuring throughput under dynamic conditions for 

each GTX 1080ti and RTX 2080ti. Comparing the throughput between SLS and 

FDB, it shows that FDB which use the GTX 1080ti and RTX 2080ti based server 

can achieve higher throughput than SLS in dynamic condition. In detail, when 

GTX 1080ti is used, the average throughput of FDB is 10.2 % higher than that 

of SLS, and when RTX 2080ti is used, the average throughput of FDB is 13.0 % 

higher than that of SLS. Analyzing the difference in throughput of FDB 

scheme for each type of GPU, we can see that when RTX 2080ti is used, we 

can get 3.2% higher throughput than GTX 1080ti. The analysis is as follows. 

As described in Figure 5.1, experiments are conducted in LOS environment, 

thus face detection failure did not occur for 20 seconds, and 𝐶  value did not  

reach on / off threshold. As a result, throughput did not change significantly 

as GPU performance change. However, because the user has mobility, it may 

be necessary to use a new sector as user’s location changes. In this case, the 

throughput difference occurs because the RTX 2080ti delivers the new sector 

number to the AP faster than the GTX 1080ti. This means that if server has 

high quality GPU, then AP can provide a service to the user with high mobility. 
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Figure 5.4: Average throughput of SLS, FDB of GTX server, and FDB of RTX 

server in dynamic condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 23

Chapter 6 
 
 

Conclusion 
 

 

In order to obtain best sector, the existing IEEE 802.11ad device has 

to use exhaustive search method called SLS. By sweeping sectors with a pre-

defined beam pattern, the AP knows which sector is the best. However, this 

process is triggered even within the DTI, causing overhead. In this work, we 

propose a face detection-based beamforming scheme in IEEE 802.11ad 

devices to eliminate SLS in DTI. In particular, FDB make AP specify the user's 

location using out-of-band information, select a sector that can provide the 

best beam at that location, and repeat the process periodically to optimize the 

sector. To run this scheme on a commercial device, we connect a GPU-based 

server and the commercial device, Talon AD7200, to run the face detection 

algorithm. We also connect the server and the camera to detect the face. We 

evaluate latency by GPU and throughput in static and dynamic environments. 

Our results show that in terms of latency, both GPUs are suitable for FDB, 

and the latency of RTX 2080ti is shorter than GTX 2080ti. In the static 

condition, the average throughput is up to 9.1% higher than SLS. In the 

dynamic condition, when GTX 1080ti is used, the average throughput of FDB 

is 10.2 % higher than that of SLS, and when RTX 2080ti is used, the average 

throughput of FDB is 13.0 % higher than that of SLS. 
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초    록 

 

 
 60 GHz millimeter-wave(mmWave) 기반의 IEEE 802.11ad 무선 통신 

시스템은 수 Gbps의 전송 속도를 제공한다. mmWave의 전파 특성은 높은 경로 

손실이 발생한다는 점인데, IEEE 802.11ad는 60 GHz의 높은 경로 손실을 

극복하기 위하여 아날로그 빔포밍을 사용한다. 이때 IEEE 802.11ad는 사전에 

정의된 코드북을 기반으로 하는 섹터들 중 가장 높은 signal to noise ratio 

(SNR)을 얻을 수 있는 섹터를 선택하는 sector level sweep(SLS)를 사용하여 

최적의 빔을 사용자에게 제공한다. 그러나, SLS는 데이터를 전송하는 중에도 

일어나기 때문에, SLS를 위해 사용하는 시간이 오버헤드가 된다. 그렇기에, 

우리는 얼굴검출 기반 빔포밍을 제안하였다. 얼굴 검출 기반 빔포밍은 얼굴 검출 

정보를 활용하여 사용자의 위치를 특정하고 추적함으로써 데이터 전송 중 

발생하는 SLS를 없애고 데이터를 계속적으로 전송할 수 있도록 하는 기법이다. 

우리는 얼굴 검출 기반 빔포밍을 상용 장비인 Talon AD7200에 구현하였으며, 

실제 환경에서 실험을 진행하고 평가하였다. 실제 실험을 통해서, 얼굴 검출 기반 

빔포밍을 사용할 경우 정적인 환경에서 FDB가 SLS보다 최대 9.1 % 높은 

throughput을, 동적인 환경에서 최대 13.0 % 높은 throughput을 얻을 수 

있음을 확인하였다. 
 

 

 

 

 

 

 

 

 

 

주요어 : 무선 통신, IEEE 802.11ad, 빔포밍, 얼굴 검출 
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방향성을 제공해 주신 것과, 아버지가 큰 수술을 하시고 방황하던 저에게 위로와 

격려의 말씀을 해주신 것이 정말로 큰 힘이 되었습니다. 또한, 선생님께서 저에게 

보여주신 도전하는 삶의 태도는 제가 제 삶에 대해 다시 되돌아보는 계기를 

만들어 주셨습니다. 앞으로도 선생님의 말씀과 모습들을 기억하며 저 또한 

도전하는 삶을 살아갈 수 있도록 하겠습니다. 
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통찰력으로 제 연구의 강점과 약점을 명확하게 알려주셔서, 제 연구의 완성도가 

더 높아질 수 있었던 것 같습니다. 지금은 연구실 및 삼성전자를 그만두고 

미국으로 가신 임종한 선생님께도 감사의 말씀을 올리고 싶습니다. 

 다음으로 2년 간 연구실에서 함께한 모든 선후배와 동기들에게 감사의 

말씀 올립니다. 먼저 연구실에서의 처음 팀이었던 LTE 팀의 구성원인 김선도 형, 
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김준석 형, 이기택 형에게 감사드립니다. 연구실에 들어와서 지식이 없던 저에게 

기초 지식을 닦을 수 있도록 도와주셨으며, 제가 연구적으로 막힐 때에는 

서슴지않고 조언을 해주셨던 것들에 감사드립니다. 제 졸업 논문 주제에 많은 

도움을 주신 이규진 형에게 감사드립니다. 처음 다루는 장비이기 때문에 도움이 
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제 졸업 논문 주제의 근간을 잡아주셨습니다. 얼굴 검출 관련해서 많은 조언을 

해준 이주헌, 이경진에게도 감사의 말을 전합니다. 여러분의 도움이 있었기에 

제가 졸업을 무사히 할 수 있었던 것 같습니다. 다음으로 제 연구실 생활의 

반경인 뉴미디어통신공동연구소의 304호에 계셨던 윤호영 형, 황선욱 형, 장민석 

형, 나민수 형에게 감사의 말을 전합니다. 여러분들이 있었기에 제가 연구실 

생활에 대한 자세를 배울 수 있었고, 다시 연구를 할 수 있는 힘을 얻을 수 

있었으며, 결과적으로 즐거운 연구실 생활을 이어나갈 수 있었습니다. 비슷한 

나이대에 연구실 생활을 같이한 최준영 형, 이강현, 허재원, 이지환 형, 권휘재,  

배한여름, 이진명, 양희진에게 감사의 말씀 전합니다. 훌륭한 능력을 가진 

여러분들과 함께 대학원 생활을 했기 때문에 제가 대학원에 더 빨리 적응할 수 

있었던 것 같습니다. 제가 302동에 가서 연구를 할 때 반겨주셨던 302동의 

양창목 형, 손영욱 형, 김지훈 형, 이재홍 형, 곽철영 형에게 감사의 말씀 

드립니다. 여러분들의 친근한 말 한마디 덕분에 302동에 갈 때마다 힘을 얻고 

돌아갔던 것 같습니다. 제가 입학하고 연구실을 졸업하신 신연철 형, 손위평 형, 

김성원 형, 변성호 형, 박승일 형, 윤강진 형, 박태준 형, 김병준 형에게 감사의 

말씀 드립니다. 졸업을 준비하는 와중에도 저에게 따뜻한 말과 조언을 해주신 

것들이 제게는 큰 힘이 되었습니다. 연구실이 옮겨져서 처음 보는 사람인데도 

불구하고 저를 따뜻하게 맞아주신 네트워크 연구실의 강병준 형, 김영석 님, 

김정준 님, 김홍찬 형, 박원빈 님, 박은정 누나, 박정준 님, 박종연 님, 백승우 님, 

서지환 님, 홍승근 님, 최시영 님, 양진모 님, 유용재, 윤지석 님, 이굳솔 님, 

이명섭 님, 이현중 형, 정성훈 님, 최시현 님에게 깊은 감사의 말씀 전합니다. 

여러분들의 환대가 있었기에 새로운 환경에서 잘 적응할 수 있었던 것 같습니다. 

 연구실 생활 외에도 저에게 많은 힘이 되어준 친구들에게도 

감사드립니다. 18년간 인연을 이어오며 즐거울 때는 항상 밝은 모습으로, 힘들 

때는 진중한 모습으로 큰 의지가 되어주는 김규훈, 나윤채, 권지량에게 감사의 

인사를 전합니다. 고등학교 때부터 인연을 이어오며 친한 친구 및 조력자로 

되어준 공준수, 임채연, 곽정인, 이한결, 정성호에게 감사를 전합니다. 대학교 

입학부터 쭉 친하게 지내온 강군묵, 고영창, 김동우, 김락희, 김은표, 민찬혁, 

장민철, 박진호, 백두현, 김수연, 신범수, 신승훈, 양성혁, 오진영, 이동익, 조완선, 

임호준, 최연수, 최혁재에게 감사를 전합니다. 앞으로도 모두와 인연을 이어나가고 

싶습니다. 
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 석사 과정 중 저에게 힘이 되어준 여자친구 소현이에게 진심을 담아 

감사의 뜻을 전합니다. 함께하는 모든 순간이 행복하고 소중한 시간이었으며, 

앞으로도 행복한 시간을 함께 하고 싶다는 말을 전하고 싶습니다. 

 마지막으로 제 사랑하는 가족에게 가장 큰 감사의 말씀을 올립니다. 

나이차이가 조금 나는데도 친구처럼 잘 대해준 누나, 큰 수술을 잘 넘기시고 

건강한 모습으로 저를 맞아 주시는 아버지, 항상 저를 믿어주시고 아낌없는 

지원을 해주시는 어머니, 그리고 제가 찾아갈 때마다 환한 모습으로 반겨 주시던 

할머니. 가족 모두에게 진심으로 사랑한다는 말을 전하고 싶습니다. 가족 모두가 

여태까지 저에게 주신 믿음과 사랑에 보답할 수 있는 사람이 되도록 

노력하겠습니다. 

 이상의 모든 분들께 감사와 사랑을 담아 이 논문을 바칩니다. 

 

 

2020년 2월 

임수훈 올림 


	1  INTRODUCTION
	2  RELATED WORK
	3  FACE DETECTION-BASED BEAMFORMING
	3.1 Legacy scheme  sector level sweep 
	3.2 Proposed scheme  face detection-based beamforming

	4  IMPLEMENTATION OF FDB
	5  EVALUATION
	5.1 Experiment setup
	5.2 Latency
	5.3 Throughput enhancement of static condition 
	5.4 Throughput enhancement of dynamic condition

	6  CONCLUSION
	Bibliography
	Abstract (In Korean)


<startpage>8
1  INTRODUCTION 1
2  RELATED WORK 3
3  FACE DETECTION-BASED BEAMFORMING 4
 3.1 Legacy scheme  sector level sweep  4
 3.2 Proposed scheme  face detection-based beamforming 6
4  IMPLEMENTATION OF FDB 12
5  EVALUATION 15
 5.1 Experiment setup 15
 5.2 Latency 17
 5.3 Throughput enhancement of static condition  19
 5.4 Throughput enhancement of dynamic condition 21
6  CONCLUSION 23
Bibliography 24
Abstract (In Korean) 25
</body>

