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Abstract − For monitoring natural landslide disaster, 

wireless sensing node network is so effective system.  The 
sensing node is constructed by some sensors (acceleration, 
soil moisture, GPS and so on), data processing unit (micro 
processor) and wireless communication unit.  The network 
topology we have constructed is mesh type.  In the system, 
at sensing landslide, the node will transport the information 
to host system through the node network by using wireless 
communication.  Generally, in natural field, the landslide is 
sensed as the changing of acceleration.  But, it is so difficult 
to distinguish the landslide obviously.  The acceleration of 
the sensing node will change by not only the landslide 
disaster but also collision with several hard blocks like 
stones.  This paper describes the distinction method of 
landslide disaster by using only the signal of acceleration 
sensor mounted in the sensing node.  The method focuses 
the time transition of frequency distribution of the 
acceleration signal.  Observing the time transition, the 
situations of sensing node have been distinguished. 
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1.  LOCAL SENSING NODE NETWORK FOR 
LANDSLIDE DISASTER 

Generally, there are many kinds of sensing/sensor 
network for natural phenomena.  This paper shows the 
sensing node network for landslide disaster.  As the 
landslide break the sensing node, system of the sensing 
network must be flexible and robust enough.  The data 
including the information of the occurrence and situation of 
landslide must be transmitted surely to host system[1-15]. 

Fig. 1 shows a concept of local sensing node network to 
monitor landslide at mountains and hills which authors have 
constructed.  Fig. 2 shows an example of sensing node.  In 
the sensing node, there are some basic functions for 
measuring data, data processing, temporary memory and 
short/long distance communication.  Actually, the sensing 
node mounts some sensors (acceleration, soil moisture, GPS 
and so on), data processing unit (micro processor) and 
wireless communication unit.  In the local network, sensing 
nodes are connected each other by low power 
communication.  The local network is connected to host 
system at long distance by wireless communication unit of 
Node0 by using public communication network.   

To enhance the robustness of the network,  

1) the network is constructed autonomously, 
2) the network topology uses mesh type comparing to 

tree type, 
3) node path for data transmission switches flexibly to 

avoid broken sensing nodes, 
4) the network takes in new nodes flexibly, 
5) the data transmission is controlled automatically.   
 
Fig. 3 shows the system construction of sensing node.  

The sensing node is constructed with four main units; node 
control board, sensor unit, GPS unit and wireless 
communication unit. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Sensing node network system for landslide disaster. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Prototype of sensing node. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. System construction of sensing node. 
 

Table 1. Specification of node control board. 
CPU 32bit RISC processor 
Clock 200MHz 
Memory : Flash 4MB, SDRAM 32MB, cash 

SRAM 16kB 
Port 8bit DIO 8ports, 

Serial 3 ports  (IrDA, USB,…) 
Voltage 3.3[V] 
Power 0.683 [W] 
[AD Converter] Input : 8 channels (0 – 3.6V) 

Resolution : 10bit 
Conversion time : 16 [micro sec] 

[DA Converter] Output : 2 channels (0 – 3.6V) 
 Resolution : 8bit 
 Conversion time : 10 [micro sec]

 
Table 2. Specification of wireless communication unit. 
Band frequency 1216 MHz  
Baud Rate  9800 bps  
Voltage  3V 
Power 0.18W 

 
Table 3. Specification of GPS unit. 

Receive  12 parallel ch 
Acquisition Time 15 – 45 sec. 
Update Time 1 sec. 
Position Accuracy 1 – 5 m 
Information North latitude, East longitude 

Absolute Time (hh/mm/ss) 
Voltage 3 V 

 

2.  ACCELERATION SIGNAL MEASURING IN 
SENSING NODE 

At no acceleration to sensing node, output signal of 
acceleration sensor becomes a constant voltage (normal 
mode).  When the acceleration to sensing node by landslide 
or collision with hard blocks occurs, the signal fluctuates on 
the constant voltage level.  To investigate the characteristics 
of acceleration in these situations of sen ing node, we have 
observed the acceleration signals. 

s

Fig. 4 shows an acceleration signal  ݔ௖௢௟ሺݐሻ occurred by 
the collision between a sensing node and a weight(120g) for 

0.9sec..  The weight was fallen down from 1 m height on the 
sensing node.  The acceleration signal was composed with 
signals of three directions(X, Y, Z).    
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Fig. 4. Acceleration signal by the collision between 
a sensing node and a weight(1 g).20  

In Fig.4, the acceleration signal  ݔ௖௢௟ሺݐሻ  is single 
phenomenon.  The waveform of signal  ݔ௖௢௟ሺݐሻ  is isolate.  
The duration time is 0.2 sec approximately.  The duration 
time is depended on the quantity of weight.  In case that 
heavy weight hits the sensing node, the amplitude of signal 
ሻݐ௖௢௟ሺݔ   becomes higher and the duration ti  becomes 
longer a little. 

 

me

Fig. 5 shows an acceleration signal  ݔ௦௟௜ௗሺݐሻ  from the 
sensing node sliding down on slope for 0.9sec. indoor.  
Angle of the slope is 35 degree.  In this case, the sensing 
node was not rolling itself. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Acceleration signal from the sensing node 
sliding down on s pe. lo

In Fig.5, the acceleration signal  ݔ௦௟௜ௗሺݐሻ  fluctuates 
continuously.  The amplitude is not so high, but the voltage 
level distinguished with noise signal on a constant voltage.  
The waveform of signal  ݔ௦௟௜ௗሺݐሻ is depended on speed of 
sliding.  When the sensing node slides on slop quickly, the 
amplitude of signal  ݔ௦௟௜ௗሺݐሻ becomes lower a little. 
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Fig. 6 shows an acceleration signal  ݔ௥௢௟௟ሺݐሻ  from the 
sensing node rolling down on slope for 0.9sec. indoor.  
Angle of the slope is 35 degree.  In rolling down, the 
sensing node had been jumping and hitting on slope 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Acceleration signal from the sensing node 
rolling down on slope. 

 
In Fig. 6, the waveform of acceleration signal  ݔ௥௢௟௟ሺݐሻ 

became complex fluctuation.  In the time that sensing node 
was big jumping, the acceleration signal  ݔ௥௢௟௟ሺݐሻ  became 
constant.  At the time that the sensing node was hitting to 
slope, the acceleration signal  ݔ௥௢௟௟ሺݐሻ had high amplitude in 
a moment.  Generally, the sensing node repeated small 
jumps and hits on slope. 

3.  TIME TRANSITION OF FREQUENCY 
DISTRIBUTIONS OF ACCELERATION SIGNAL 

On consideration by observing these signals ,ሻݐ௖௢௟ሺݔ 
,ሻݐ௦௟௜ௗሺݔ  ሻ, it is impossible to distinguish landslide byݐ௥௢௟௟ሺݔ
only comparing with a constant threshold level and the 
amplitude of signals  ݔ௖௢௟ሺݐሻ, ,ሻݐ௦௟௜ௗሺݔ  ሻ.  Then, toݐ௥௢௟௟ሺݔ
observe the characteristics of acceleration signal  ݔሺݐሻ  in 
frequency domain, we have calculated frequency 
distribution  ܺሺ݊ሻ ሺ݊ ൌ 1,2,3, ڮ ሻ  of that signal ሻݐሺݔ   each 
time interval.  The frequency distribution  ܺሺ݊ሻ is generated 
by the Fast Fourier Transformation (FFT) of 1024 sample 
data in a time interval (approximately 0.1 sec).  To 
investigate the changing of acceleration signal  ݔሺݐሻ  each 
time interval, it is so useful to monitor the time transition of 
frequency distributions (TTFDs).  Following sections show 
the TTFDs in cases of three kinds of situation of the sensing 
node. 

3.1. TTFDs in case of collision with s sin ode and  
a weight 

en g n

Fig.7 shows the acceleration signal  ݔ௖௢௟ሺݐሻ  and the 
TTFDs ቀ ܺ௖௢௟,ସሺ݊ሻ, ܺ௖௢௟,ହሺ݊ሻ, ܺ௖௢௟,଺ሺ݊ሻ,  ܺ௖௢௟,଻ሺ݊ሻቁ  by the 
collision with the sensing node and a weight (120g).  Each 
frequency distribution covers the 1st - 20th order harmo  
  ሺ݊ 1,2 ,20ሻ.  The fr uen tion

nics
ൌ ,3, ڮ eq cy resolu  is 10Hz.  

In the TTFDs, the 1st - 15th order harmonics in ܺ௖௢௟,ସሺ݊ሻ 
and ܺ௖௢௟,ହሺ݊ሻ disappear in  ܺ௖௢௟,଺ሺ݊ሻ and ܺ௖௢௟,଻ሺ݊ሻ.  Because 

the duration time by collision exists in  ݔ௖௢௟,ସሺݐሻ  and 
ሻݐ௖௢௟,ହሺݔ .  This difference is so conspicuous at 
ܺ௖௢௟ሺ1ሻ, ܺ௖௢௟ሺ2ሻ, ܺ௖௢௟ሺ3ሻ. 

 
 
 
 
 
 
 
 
 
 
 
 

300

350

400

450

500

550

600

1024 2048 3072 4096 5120 6144 7168 8192 9216

Measuring Time(μs)

A
c

c
e

l 
D

at
a

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Time transition of frequency distributions of 
acceleration signal by the collision with 
the sensing node and a weight(120g). 
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Fig. 8. Time transition of frequency distribution of 
acceleration signal from the sensing node 

sliding down on slope. 
 
 

3.2. TTFDs in case that sensing node g down 
on slope 

 is slidin

Fig. 8 shows the acceleration signal  ݔ௦௟௜ௗሺݐሻ  and the 
TTFDs ቀ ܺ௦௟௜ௗ,ସሺ݊ሻ, ܺ௦௟௜ௗ,ହሺ݊ሻ, ܺ௦௟௜ௗ,଺ሺ݊ሻ,  ܺ௦௟௜ௗ,଻ሺ݊ fr
the s si ode sliding down on slope. 

ሻቁ om 
en ng n

In the TTFDs, the 1st and 2nd order harmonics ܺ௖௢௟ሺ1ሻ 
and ܺ௖௢௟ሺ2ሻ  appear constantly.  Other harmonics appear 
randomly. 

3.3. TTFDs in case that sensing node g down 
on slope 

 is rollin

Fig. 9 shows the acceleration signal  ݔ௥௢௟௟ሺݐሻ  and the 
TTFDs ቀ ௟௟,ସሺ݊ ܺ௥௢ ݊ሻ, ܺ௥௢௟௟,଺ሺ݊ሻ,  ܺ௥௢௟௟,଻ሺ݊ሻቁ  from 
the de r n on slope. 

ܺ௥௢ ሻ, ௟௟,ହሺ
sensing no olling dow
ܺ௥௢௟௟,ସሺ݊ሻ and  ܺ௥௢௟௟,଻ሺ݊ሻ are the frequency distributions 

at temporal collisions between the rolling sensing node and 
slope.  In the TTFDs, the 1st - 3rd order harmonics of them 
become high conspicuously.  The ܺ௥௢௟௟,ହሺ݊ሻ and  ܺ௥௢௟௟,଺ሺ݊ሻ 
are the frequency distributions at jumping of sensing node.  
In the TTFDs, the 1st - 4rd order harmonics of them resemble 
the harmonics ൫ ܺ௦௟௜ௗሺ1ሻ, ܺ௦௟௜ௗሺ2ሻ, ܺ௦௟௜ௗሺ3ሻ,  ܺ௦௟௜ௗሺ4ሻ൯  of 
the frequency distribution at sliding down. 

As the sensing node repeats jumping and collision at 
rolling down on slope, the situation of the 1st - 3rd order 
harmonics of the frequency distribution also repeat.  But that 
the repeats of jumping and collision are not periodically, it is 
like random. 

4.  DISCUSSIONS OF DISTINCTION O  LF ANDSLIDE 

By observing these acceleration signals ݔ௖௢௟ሺݐሻ, ,ሻݐ௦௟௜ௗሺݔ
,ሻ and the TTFDs of  ܺ௖௢௟ሺ݊ሻݐ௥௢௟௟ሺݔ ܺ௦௟௜ௗሺ݊ሻ,  ܺ௥௢௟௟ሺ݊ሻ , it 
has become obvious that the dynamic behaviours of the 1st - 
3rd order harmonics of frequency distribution are 
characteristic each signal.  This means that the distinction of 
landslide is possible by using only the acceleration 
information of sensing node. 

By the dynamic characteristic of the 1st - 3rd order 
harmonics of frequency distribution, at following sections, 
the distinction of collision to sensing node, and the 
distinction of situation (sliding/rolling down) of sensing 
node in landslide are discussed.   Additionally, for the 
distinction, some models of the condition based on the 
situations of their harmonics are proposed.  By using these 
conditions, the sensing node will distinguish the collision 
and landslide autonomously. 

4.1. Distinction of the co  s nollision to ensing de 
The acceleration signal  ݔ௖௢௟ሺݐሻ  is isolated.  In the 

TTFDs, the intensity of ܺ௖௢௟ሺ1ሻ,   ܺ ௖௢௟ሺ2ሻ,   ܺ௖௢௟ሺ3ሻ become 
high only in a short time.  Then, if the influence expressed 
on the 1st - 3rd order harmonics  ܺሺ1ሻ, ܺሺ2ሻ, ܺሺ3ሻ  of 
frequency distribution disappears within a certain time ଵܶ, it 
is considered that the responses are caused by the collision 
to sensing node with a hard block.  The time ଵܶ is defined by 
the intensity of collision.  It will be got by several 
experiments. 
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Fig. 9. Time transition of frequency distribution of 
acceleration signal from the sensing node 

rolling down on slope. 
 
 

By using the sum of ܺሺ1ሻ, ܺሺ2ሻ, ܺሺ3ሻ and a threshold 
level α  , the condition of distinction for the collision is 
defined as follows, 
 [Conditio _1  

݂݅   ܺ௞ሺ݊ሻ
ଷ

௡ୀଵ
 ൐     ൰  ߙ 

n ]

 ൬  ෍

{  ݂݅   { 

      ൬  ෍  ܺ௞ା ݊ሻ
௡

൏   ൰    

൬  ෍  ת   ܺ௞ ଷሺ݊ሻ
ଷ

௡ୀଵ
 ൏     ൰  ߙ 

ଶሺ
ଷ

ୀଵ
ߙ  

ା

 ڭ

൬  ෍  ת   ܺ௞ାଽሺ݊ሻ
ଷ

௡ୀଵ
 ൏  ൰  ߙ 

} 
 }  ݄݊݁ݐ

ሾ݊݋݅ݏ݈݈݅݋ܿ ݂݋ ݁ܿ݊ܽݎݎݑܿܿ݋ ݄݁ݐ,  ሿ݈݁݀݅ݏ݈݀݊ܽ ݐ݋݊
} 

} 
ଵܶ  ݁ݎ݄݁ݓ  ൌ ሺ  .ܿ݁ݏ 1 ݏݐ݊݁݉݃݁ݏ  ׷ ൅ 1, ڮ , ݇ ൅ 9ሻ. 10 ݇, ݇

The threshold level α and the time  ଵܶ  will be defined by 
several experiments. 

 

4.2. Distinction of the l dsl  sensed by sliding down 
of sensing node 

an ide

The acceleration signal  ݔ௦௟௜ௗሺݐሻ fluctuates continuously.  
In the TTFDs, the 1st and 2nd order harmonics ܺ௦௟௜ௗሺ1ሻ and 
ܺ௦௟௜ௗሺ2ሻ appear constantly in sliding down of sensing node.  
Then, if the influence expressed on the 1st - 2rd order 
harmonics  ܺሺ1ሻ, ܺሺ2ሻ  of frequency distribution appear 
continuously over a certain time ଶܶ, it is considered that the 
responses are caused by the sliding down of sensing node in 
landslide.  The time ଶܶ  is longer time than the time ଵܶ 
defined by the intensity n.  It will be got b  

ts. 
 of collisio y

several experimen
By using the sum of ܺሺ1ሻ, ܺሺ2ሻ and threshold levels ߚ  

and ߛ   ሺγ  ൐ ሻߚ    , the condition of distinction for the 
landslide sensed by sliding down of sensing node is defined 
as follows, 
[Condi ion_2] 

൐  ߛ  ݂݅   ෍  ܺ௞ሺ݊ሻ
ଶ

 ൐   ൰  ߚ

t

൬  

{ ݂݅  { 
௡ୀଵ

௞ାଶ

ଶ

ୀଵ
൐  ߛ  ൬       ߚ   ෍  ܺ ሺ݊ሻ

௡
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൐  ߛ  ൬   ת   ෍   ܺ௞ ሺ݊ሻ
ଶ

௡ୀଵ
 ൐ ൰   ାଷ ߚ

 ڭ

൐  ߛ  ൬   ת   ෍   ܺ௞ାଽሺ݊ሻ
ଶ

௡ୀଵ
 ൐  ൰  ߚ

} 
 }  ݄݊݁ݐ

ሾ ݈݁݀݅ݏ݈݀݊ܽ ݂݋ ݁ܿ݊ܽݎݎݑܿܿ݋ ݄݁ݐ ሿ 
} 

} 
ଶܶ  ݁ݎ݄݁ݓ  ൌ ݏݐ݊݁݉݃݁ݏ ሺ10  .ܿ݁ݏ 1 ׷ ݇, ݇ ൅ 1, ڮ , ݇ ൅ 9ሻ. 
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The threshold levels  ߚ  and the time  ଶܶ will be  ߛ   , 
defined by several experiments. 

4.3. Distinction of the land lide sensed by rolling down 
g node 

s
of sensin

In the acceleration signal  ݔ௥௢௟௟ሺݐሻ, the waveforms like 
,ሻݐ௖௢௟ሺݔ   ሻ and a direct current are confused.  In theݐ௦௟௜ௗሺݔ
TTFDs, the 1st - 3rd order harmonics ܺ௥௢௟௟ሺ1ሻ, ܺ௥௢௟௟ሺ2ሻ and 
ܺ௥௢௟௟ሺ3ሻ fluctuate with various amplitudes in rolling down.  
Then, if the influence expressed on the 1st - 3rd order 
harmonics  ܺሺ1ሻ, ܺሺ2ሻ, ܺሺ3ሻ  of frequency distribution 
appear with various amplitudes continuously over a certain 
time ଷܶ, it is considered that the responses are caused by the 
rolling down of sensing node in landslide.  The time ଷܶ is 
longer time than the time o got by several 
exper ents. 

 ଶܶ .  It will be als
im

By using the sum of ܺሺ1ሻ, ܺሺ2ሻ, ܺሺ3ሻ and a threshold 
level  ߛ  , the condition of distinction for the landslide by 
rolling down of sensing node is defined as follows, 
[C tion_3] 
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} 
 }  ݄݊݁ݐ

ሾ ݈݁݀݅ݏ݈݀݊ܽ ݂݋ ݁ܿ݊ܽݎݎݑܿܿ݋ ݄݁ݐ ሿ 
} 

ଷܶ  ݁ݎ݄݁ݓ ݏݐ݊݁݉݃݁ݏ ሺ10  .ܿ݁ݏ  ׷ ݇, ݇ ൅ 1, ڮ , ݇ ൅ 9ሻ. 
} 

 ൌ 1

The time  ଷܶ will be defined by several experiments. 
 

 

5.  CONCLUSIONS 

In this paper, the distinction method of landslide disaster 
by using only the signal of acceleration sensor mounted in 
the sensing node has been described.   

In the time transitions of the 1st – 3rd order harmonics of 
frequency distribution of the acceleration signal, some 
characteristics have been found each situation of the sensing 
node in landslide or at collision with hard blocks.  By using 
the dynamic characteristic of them, we have proposed some 

models of the condition for the distinction of landslide.  In 
these models, there are several parameters (three threshold 
levels α, β, γ   and three constant times   ଵܶ ,   ଶܶ ,   ଷܶ  ).  To 
fix the model, it is necessary that these parameters must be 
adjusted by several experiments. 

The function to distinguish landslide in sensing node 
enhances the autonomy of sensing network, the efficiency of 
data communication and the power savement of system.  In 
near future, we will investigate the effectiveness of these 
models by various kinds of experience at fields. 
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