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どういう経緯で？

僕にプレゼン依頼がきたのかはかわからないのですがW

ORCの応募推進委員ということなので

こんなの作ってもらえたら（あるいは自分で作ったら）楽しい
なーという希望を込めて



PROJECT

今日は

仮想無線メッシュルータとかの話をします
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無線メッシュ

といえば…

MANETとか、いつまでたっても普及しないですよね

最近だと802.15とかの方がホットかも

もうみんな無線メッシュネットワークとかあきらめちゃった
の？
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とはいうものの

無線メッシュルータ作っても、なかなか運用する機会がない

インフラレスな場所での広域展開が楽しいのに、それにはお金
も時間もかかる

僕らが普段過ごしている範囲はインフラが整っている

結果、運用経験やノウハウ、アイデアが蓄積していかない

使えない無線メッシュが残る悪循環
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そこで仮想化です

ルータ仮想化

最近はいろんな選択肢がありますよね

普通のUNIX系、VYATTA、OPENWRT/X86、SEIL/X86 :)

無線仮想化

北陸STARBED技術センターのQOMET
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QOMET

RĂZVAN BEULAN氏による無線リンクエミュレーションソフ
トウェア

LAYER 3のパケットフィルタルールを動的に変更することで、
無線リンクのパケット送受信挙動を模倣

HTTPS://WWW.STARBED.ORG/QOALA/TWIKI/BIN/VIEW/
QOALA/QOMET

https://www.starbed.org/qoala/twiki/bin/view/QOALA/QOMET
https://www.starbed.org/qoala/twiki/bin/view/QOALA/QOMET
https://www.starbed.org/qoala/twiki/bin/view/QOALA/QOMET
https://www.starbed.org/qoala/twiki/bin/view/QOALA/QOMET
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QOMETの仕組み
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QOMET利用手順

シナリオを作る

空間の電波減衰率の設定、建物などのオブジェクトの定義

無線通信ノードの定義、またその動きの定義

シナリオをコンパイル

対象ノードでコンパイルしたシナリオを実行（フィルタの適用）
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箱庭

QOMETは仮想環境でしか動かない訳ではありません

というか、元は実機を使った無線リンクエミュレーションの
ために開発されていた

ただ、実機をたくさん用意するのは非現実的

OPENWRTなど小さな仮想マシンを使えば、それなりの台数
をエミュレートできます
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箱庭サンプル
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箱庭サンプル
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箱庭サンプル
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減衰パラメータ

Α: 2

Σ: 3.1
W: 4.8
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無線の空間伝播モデル
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(a) Average signal strength as a function of distance.
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(b) Deviation distribution as a function of σ.

Figure 2: Modeling propagation inside the building.

some locations were covered by only two or three of the
access points. In all locations, the laptop was positioned
in the same orientation, facing the left wall in figure 1.
In each location and for each AP, the following proce-

dure was executed:
1. force association between client and the desired
access point. This was done to avoid hand-offs
during the experiments. Additionally, the card was
configured to transmit at 1 Mbps.

2. generate incoming traffic (AP to client). The
client sends 30 ICMP ECHO request messages
(ping) to a computer in the local network and esti-
mates the signal strength for each ECHO response
received. A delay between 300 and 1000 ms was
used between ping messages.

Figure 2(a) presents the 146 signal strength samples
(in dBm) as a function of the separation (in meters) be-
tween AP and client. Each sample consists of the av-
erage signal strength at that location, while the distance
values were found using a blueprint of the building.
The best model (equation 1) that fits this experimental

data was found through linear regression using a log-log
scale (signal strength in dBm versus log(distance)). We
fixed Pr0 at -20 dBm, the expected signal power 1 meter
from the receiver assuming free-space propagation. An
estimate for α is found using the slope of the line that
best fits the data, while the sample standard deviation
is used as an estimate for σ. Our experiments yielded
α = 4.02 and σ = 7.36 dB, represented by the solid line
in figure 2(a).
These values agree with previously published results,

which have found values such as α ∈ [3, 4] and σ ∈

[4, 12] dB for office environments. As expected, attenu-
ation is much higher than predicted by free-space propa-
gation, where signal is expected to decay as a function of
the square of the distance (α = 2 in equation 1; dotted
line in figure 2(a)). Due to the simplicity of the log-
distance model, the attenuation induced by walls, doors,
windows, and other obstacles is aggregated into the pa-

rameter α, thus yielding higher values.
Our dataset also suggests that the deviations from

the mean (Xσ) closely follow a log-normal distribution
(normal distribution in dBm), as other researchers have
proposed [9]. Figure 2(b) shows the number of sam-
ples as a function of the deviations from the mean (in
terms of multiples of σ). The deviations closely follow a
Gaussian distribution, with 70.5% of the samples within
1 standard deviation from the mean, 95.2% within 2 de-
viations, and 99.3%within 3 standard deviations (the ex-
pected values are respectively 68%, 95%, and 99.7%).
For clients in close range to access points (up to 10-15

meters), the path loss model found for a given environ-
ment can be used to provide an approximate lower bound
on signal strength. From all 19 samples with distances
smaller or equal to 8 meters, 14 (73.7%) are located
above the fitted line. For distances smaller than 12 me-
ters, the same is true for 32 out of 43 samples (74.4%).
Moreover, of all 11 samples falling below the line, only
2 are more than 5 dB from the predicted value. Such
lower attenuation in close range has also been perceived
by other researchers, even justifying the construction of
so called “breakpoint” models, which employ lower val-
ues for α for small transmitter-receiver separations [9].

4 Modeling Attenuation Outdoors
Despite the smaller volume of literature compared to the
studies of the indoor wireless channel, several papers
suggest that a model similar to equation 1 can be used
to predict signal penetration into buildings. In this case,
the signal strength detected by an access point inside a
building relative to a device located outside can be ap-
proximated by:

Pr(d) = Pr0 − 10α log(d) − W + Xσ, (2)

the main difference to equation 1 being W (wall atten-
uation factor, in dB), which accounts for the attenua-
tion caused by the external walls. Durgin et al. used
this model to approximate propagation into homes at

PR0: 距離0時点での受信電力

Α（アルファ）: 環境に応じた減衰パラメータ

オープンスペースだと2、込み入った建物内だと4あたりが使われる

W: 壁による減衰パラメータ

壁の材質に依存した値

Σ（シグマ）: 環境に応じた分散パラメータ
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シナリオの例

ノードの定義

空間の定義

接続の定義

<NODE NAME="AP00" X="51" Y="45" Z="1">
  <INTERFACE NAME="INTERFACE0" PT="15" IP_ADDRESS="10.0.255.10" />
</NODE>

<ENVIRONMENT NAME="ROOM" ALPHA="2" SIGMA="3.1" W="4.8" NOISE_POWER="-100" />      
<OBJECT NAME="WS" TYPE="BUILDING" ENVIRONMENT="ROOM"
 X1="46" Y1="23" X2="90" Y2="47" HEIGHT="4" />

<CONNECTION FROM_NODE="AP00" TO_NODE="AUTO_CONNECT"
            THROUGH_ENVIRONMENT="AP00_ENV"
            STANDARD="802.11A"/>
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デモ
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まとめ

(LAYER3) 無線メッシュネットワーク技術はこれから？

OLSRとかDYMOとか標準化されてるけれど…

BATMANというのもあるらしい

テスト環境がないのは仮想化でなんとか

面白い無線メッシュルータに期待


