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< SUMMARY )

Purpose &
Contents

It aims to install a clinometer on drones to measure the inclination
direction and inclination of the clinometer in contact with the rock slope
surface through the unmanned adjusted to provide a basis for the rock slope
stability analysis to analyze the stability of a rock slope.

o Connection design and fabrication that can be mounted on drones
clinometer.

But it provided a fixing member for coupling the clinometer to the lower the
drone, the connecting member and the fixing member has a solid fixing being
made without shaking by having a mutually interlocking projection and the
groove when rotating in a range of within 90° to the connecting member in
addition to design and produce a retainer that can easily separate.

° Hinge connection clinometer is designed and manufactured to ensure close
contact with the rock slopes.

Clinometer is through repetitive fine adjustment by using a camera to
completely close contact with the rock slope makes a hinge connection to be
a fixed clinometer.

° Clinometer to take a measurement result

Using the camera to take the result of the clinometer, and stores in

real-time to check the monitor ready the taken images.

Results

It has an inclination direction and inclination angle of rock slope through
the study needed to inclination direction and inclination angle of rock
slope stability analysis for rock slope by measuring the clinometer

instal led on drones.

Expected
Contribution

o By conventional methods, but is limited accurate measurement of the entire
area of the rock slope by using drones a precise investigation of the total
area of rock slopes is possible, and possible to improve the reliability of
the existing rock slope stability analysis results because investigators do
not have direct access to the rock slope has the effect of preventing
accidents.

o Traditional way many people it takes a long time and was measured with
limitedly on possible areas accessible during the entire research area of
the rock slope by using the drones can be shortened on-site measurement of
time, to extract a lot of research it can improve the accuracy and

economical and are evaluated in a safe way.

Keywords

Joint . Safety
Drone Rock slope _ _ Clinometer , ,
orientation inspection
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gSo 2 Do GO W7z Boll 93] AAF ekl Al 1, 2AFEW I Al 3, 47WzE o] T}
53FcH Lee, 2016).

D @G
B = cos 1( )
DG
(l lEle |) 21(5)
> \TolTal
A ALSE a= Bz o8] T Al 1, 2AREHI A 3, 4AREWEZEe] FHEo] o] F

2ol 38 dH(Lee, 2016).

n= 7T—Oé(,8>%)

2 2(6)
7T+Oé(,3§ 5)

o A 2A A2 srdolel AT ES
2 AT = SmartProjects jiloll A 7Sk sketchE ©]&3te] A5 HE L 4S8 4
Aekdtt o] Al~®l& A A Arduino Uno, Sensor modules, Xbee module® & -4 & o]
ATt Fig. 2.& A xAL Al2=" 9 A =S e

Arduino Uno

I ATmega328 Microcontroller I

PC Monitor |—f USB |
|

[ Digital, Analog Pins |

(a) Arduino Uno

Sensor_Modules

|9 Axes Motion Sensor Modulel

Measured I

Value —  Ultrasonic Sinsor Module |

I Altitude Sensor Module I

(b) Sensor Modules
Xbee Module

IMeasured Values from Sensorsl

PC Monitor — Wireless Transmission |

I XCTU Configure I

(c) Xbee Module
19 3.2 Conceptual diagram of the joint survey System
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(1) Arduino Uno

53 hFE Fu BN E

Fotal ok 2 ¢ Qe RO Hy
£4 =
AE Z2aWs 93] AT = 9l

EEPROM<= AM&S = Ut &
A, A=A 2R JEE2 Ao s El*]‘;%i
[e)

FYshe A b ¥ 31

¢

3 3.1 Technical Specification (Arduino Uno)

E

3 & g olen dds S8 A
T o 71+ 32KByteo] A RE ofFo] k-9
T SRl FERUZE O 5 dFE AMgstRR dARs FERY AVE W Uy
= colelele Zrag dd T odolH Ads
2KByte =7]¢] SRAM¥ €0 77111 of Fol k= HelEE HE

TO]lt = 9%1?_41&1*1, Za A Al

&
=

2212 ATmega328S AF-&3FH
ElRER=,

5 ZA5rE o] RUE
o

e L 9l

Division Specifications
Microcontroller ATmega328P
Operating Voltage 5V

Digital I/O Pins

14(of which 6 provide PWM output)

DC Current per I/O Pin

20mA

Flash Memory

32KB(ATmega328P) of which 0.5KB
used by bootloader

Clock Speed

16 MHz

19 3.3 Arduino Uno
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(2) 9% A AA

Bosch AF¢] BNOO055 absolute orientation sensorZ® 7|WFo & A2 A #F o2 BNO0SH=
35 4PE 7F45 54, 35 16H|E Ao 223X (+/- 2000%/%23) 35 A AAAA, 18]
BSX3.0 FusionLib AXE o7} A 5= 320 E vlo|aAZAEEHE WHstL Ak Al
AMe ode 74 3ld iy, AY 7HEE, S HEHe 22 ASE Aedth 2 AT
A 9% RAAA S SAGS WAt H O AAMYES AAste bW &89t 3 322 9
Axes Motion Shielddl] gt 7]<=4 A4S YeElYa Qo)

¥ 3.2 Technical Specification (9 Axes Motion Shield)

Division Specifications

Chip based BOSCH Sensortech BNO055

2x TWI, 2x OUT,
2x IN

Thinker Kit interface

) Triaxial accelerometer, Triaxial
Motion Sensers

gyroscope, Triaxial geomagnetic

32-bit microcontroller with BSX3.0
FusionLib

Fusion Engine

Operating Voltage 5/33V

& - .
. ..
T T
L. E E R N B
L L R R Bl

- o | m
pepeppp | 11 =

INTELS ShEA TR
- .. -

T 1l 1)
-
-
- | e
- e
TTT L]

Y
AR De CreLY

13 34 9 Axes Motion Shield
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229 AA BELS HC-SRUM4ZA FAAY7 dm7tA ol SAAG g E+= 2mmodl o] &t}
ZEHEES A5, SN 2E3EE FAEY. BEY EdEE HAa 10use Az
AT E dEE EYAE ALY AE5H o2 oF A0kHzZ $4lsta BAA5 2 HEE3
o HEEA Sl A JEEAS 259e] FAlA A kST o] Alztelth A4 A (L)
&AM 2o
t
I = - 21(7)
(3)
A7IAM, tv ZEAT o5 555 YEAG 2SN E 254 g3 RAAEE X}
Boga g FgEe] 9Fe vvsne FAG S vk B AFAE 2
AE olgdtel W shuatEst Zgolvlskel SRAYE ZFsAc. £ 332
Ultrasonic Sensorel] W3t 7144 A}kS vepaz ot
¥ 3.3 Technical Specification (Ultrasonic Sensor)
Division Specifications
Operating Voltage DC 5V
Operating Current 15 mA
Operating Frequency 40 Hz
Measuring Angle 15 degree
Trigger Input Signal 10us TTL pulse

19 3.5 Ultrasonic Sensor
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Vol @ R A A4S Ax 447199 Arel e 9a4940)

H=44330<1— (p ) 5255 21(8)

P
0
o171 p= S4E 4H, p= Al hES yERdT
F71 A3 @)= FlAM A=t A 9)9F 2ol ALtE

dﬂan_l(%) 21(9)

¥ 34 Altitude Sensorol] ™3t 7]&24 AFS veER L gl

¥ 3.4 Technical Specification (Altitude Sensor)

Division Specifications

300 ~ 1100 hPa(+9000 m ~ -500 m

Pressure range .
relating to sea level)

Supply Voltage 18 ~ 36V
Interface 12C
Resolution of output data 0.01 hPa

19 3.6 Altitude Sensor
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I 3.5 Technical Specification (Xbee Module)

Division Specifications Division Specifications
PCB Antenna,
Transceiver silicon Labs EM357 ) U.FL Connector,
) Antenna Options
Chipset SoC RPSMA
Conncetor
RF 250 Kpbs, Serial CPU / Clock HCS08 / up to
Data Rate
up to 1Mbps Speed 50.33 MHz
Outdoor / RF
Line-of-sight 2 miles / 3200m Protocol ZigBee Pro 2007
Range
Transmit . .
63 mW (+18dBm) Encryption 128-bit AES
Power
Receiver ) .
. Reliable Pack Retries /
Sensitivity -101 dBm i
Delivery Acknowledgements
(1% per)
) PAN ID and
Serial Data
UART, SPI IDS addresses, cluster
Interface .
IDS and endpoints
. . API or AT
Configuration
commands, local or Supply Voltage 27 to 36V
Method

over—the—air (OTA)

13 377 Xbee Module
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ojolw, o tEl e} 3wt}
AF&3HoH(Simon M, 2011). #H 3+ 1“‘5 AVR- GCC% /\]-Q-O}Uﬂ ofFolx AL Cet
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(Simon M, 2011).
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19 3.8 Joint orientation test model
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(a) Conceptual diagram

Arduino Uno

Power Supply

Arduino 9 axes motion shield
Arduino wireless SD shield
Arduino proto shield

Tilt sensor

Ultrasonic sensor
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219 3.9 Joint orientation test apparatus
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crest of slope __ 7
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sloe face
Direction of sliding

Great circle representing A
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Great circle representing
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19 3.10 Rock Failure Patterns Using Stereo Net
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Clinometer Arduino Measure System
(a) Pole Plot result

s s
Clinometer Arduino Measure System

(b) Contour Plot result

Tt —T

S

Arduino Measure System
(c) Rosette Diagram result

Clinometer

219 3.12 Joint orientation using the streograhpic projection method
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¥ 3.6 Comparison of each joint orientation(Clinometer and Arduino Measure System)
(Unit : degree,®)

Clinometer Arduino Measure Difference
No. - System _ _
i i i
Dip Direc‘fi)on Dip Direc‘fi)on Dip Direcgon
1 40.00 134.00 38.54 142.00 1.46 8.00
2 39.00 123.00 38.07 131.99 0.93 8.99
3 39.00 115.00 37.61 124.22 1.39 9.22
4 41.00 104.00 38.54 114.70 2.46 10.70
5 40.00 93.00 37.61 103.50 2.39 10.50
6 40.00 96.00 45.62 102.41 5.62 6.41
7 41.00 106.00 43.23 111.80 2.23 5.80
8 39.00 116.00 41.57 122.62 2.57 6.62
9 39.00 124.00 42.11 124.99 3.11 0.99
10 40.00 133.00 39.51 132.61 0.49 0.39
11 51.00 134.00 46.89 123.42 411 10.58
12 49.00 125.00 46.89 119.25 2.11 5.75
13 49.00 115.00 46.25 116.57 2.75 1.57
14 50.00 106.00 46.89 111.80 3.11 5.80
15 51.00 94.00 50.31 100.20 0.69 6.20
16 51.00 95.00 53.33 99.09 2.33 4.09
17 50.00 105.00 51.04 110.81 1.04 5.81
18 49.00 116.00 54.93 110.81 593 5.19
19 50.00 125.00 55.75 116.57 5.75 8.43
20 49.00 135.00 55.75 130.03 6.75 497
21 60.00 135.00 54.93 127.23 5.07 177
22 61.00 123.00 54.12 116.57 6.88 6.43
23 61.00 116.00 54.12 108.78 6.88 7.22
24 61.00 106.00 54.93 105.64 6.07 0.36
25 61.00 97.00 55.75 99.09 5.25 2.09
26 59.00 92.00 61.05 93.43 2.05 1.43
27 59.00 103.00 64.92 114.70 592 11.70
28 60.00 116.00 64.92 108.78 4.92 1.22
29 61.00 124.00 59.22 114.70 1.78 9.30
30 59.00 135.00 65.92 126.50 6.92 8.50

_36_



_37_

ok



WA adl

o~
T

NSk

ot

‘—I&L_O
F
— <A
_ .
Tl3
— o
-
= B oo
N
W
1__/|
o}
@]

o

M

g

T

!

—_

o a

mmo

A mw b
N 1_11_

oy T P

&N

_38_
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cosl cos¥ sin®sinf cos¥ — cos® sin¥ cos®sind cos¥ + sin@sin¥ 21(14)
= [cosf sin¥ sin®@sind sin¥ + cos® cosW¥ cos®@sind sin¥ — sin® cos¥
—sind sin® cosd cos® cosld
1 0 0
R, (®) = |0 cos®—sind 21(15)
0sin® cosP
cosf 0 sind
R@O)=| 0 1 0 21(16)
—sinf 0 cosf
cos¥ —sin¥ ()
R (W) = |sin¥ cos¥ 0 21(17)
0 0 1

dyPE REFEH eduds tgad 2o A = Ao v AN AR EE e ¥
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117973
R=|Ty Ty Ty3 21(18)
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¥ = atan2 (7"2177"11 )
0 = asin(— 7"31) 21(19)
¢ = atan2 (7“32,7“33)

07} (n/2, 3n/2) & W& ve3 2}

¥ = atan2 (— Typy — 7’11)
0 =asin(—ry,) 21(20)

¢ = atan2 (— Tg9,— 7“33)

Ty —T9 = (sinf+1)sin(p—¢)

T3+ 7Ty = (sinf+1)cos (1 —¢) A21)
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. A EA A" =g AZE 9
Arduino Uno, Sensor modules, Xbee module® A% o] & 1xd %] Blynk A =&
S F/MANZH o a9 3152 F71E Blynk Alade] PAEE YERT

Blynk

Blynk Server

Blynk Libraries

Blvnk A Internet Access of your choice
Y AP Ethernet, Wi-Fi, 3G

ESP-8266

219 3.15 Blynk

(1) A HEE
TowerPro AF9] SG-90 Al#F 2, SG-90& =2 o] =& 2 7 AFo|th AR

= °F 180% 3lHde] 7hsstH, 3709 A e® #-s3gth. Red9t Brown %tolol & ARE-df

T

o] 5VE REJ HYUS FHF3tL PWM(Pulse Width Modulation) A& % Orange Z &
o

ofojofe] HUjof gttt PWM 2l&+= ofFol=gE o]&sto] AT 4 vk & AFolA
Drone Measure System® Z=E ZAst=d &8¥th X 372 SG-90°] izt 7|&

A AbFE e AL ST

3 3.7 Technical Specification (SG-90)

Division Specifications
Weight 9¢g
Dimension 22.2 x 11.8 x 31 mm approx
Stall torque 1.8 kgf - cm
Operating speed 0.1s / 60 degree
Operating Voltage 48 V (CbV)
Dead band width 10 ps
Temperature range 0°C - 55°C

a9 316 SG-90
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(2) =&
DJI AF¢] MAVIC PRO A|FEo 2 Ht) 7kme &4 H(F

CC 71z, Fol =3} 7Hdo] 9l
ANet FHD 1080p &7 2 HD 720p ©Ag 94 ~Egn

< 15 A3t DIIe =
£ %21 7149 OcuSyncE g@A13dl o1 FlightAutonomy 7]&% Ho 156m <o A=
N=7hAl BT A g

A shek vl Al e EgS ol A S ol 9jAdo] A Fe AR A
galA M gsty, 2% 23 AP % MAVIC PROE= A4 9] dAS 122 FX

¥ 3.8 Technical Specification (MAVIC PRO)

Division Specifications
Flight time 27 mins
Control range 7 km
Speed 65 km/h
Gimbal 3-axis
Video resolution 4K
Camera resolution 12 MP

1% 317 MAVIC PRO
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(3) ESP8266
ESP8266-2 Espressif SystemsollA t#}Ql g+ nfola=z AEE#H oW, E2 49 ESP-xx

TEo] 33VelMut FFstez 33V ddo] s

w3, UART §4l ¢h¢l% 33VE &2z offol 5V F4xste] nesd dAEst
2 g Aok

W level converter &5 o|&3tAY AFgS ol &aA Wt vl =
Ela=s

ESP8266 X & M A+= Flash W28 & 7[HAHo w2 YU 4+ or #Awjy+= ESP-xx B&
uith ZEfA] W= &l Zolrt 9l

GPIO(General Purpose Input Output)= ©oFFolx9] #AA 7 ESP8266 EEo] Aojd I
Sz ¥elH, ESP-xx REwth ARgd = 9l ¥ ok 91A7F thE.

3 3.9 Technical Specification (ESP8266)

Division Specifications
Voltage 3.3V
10uA - 170mA

Current consumption

Flash memory attachable 16MB max (512K normal)

Tensilica L106 32 bit

Processor
Processor speed 80-160MHz
RAM 32K + 80K
GPIOs 17 (multiplexed with other functions)
ADC(Analog to Digital) 1 input with 1024 step resolution
802.11 support b/g/n/d/e/i/k/r
5

Maximum concurrent TCP connections

19 3.18 ESP8266
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(4) Blynk

Blynk+ i0OS % Android Application®] A Arduino, Raspberry Pis IoT 7|7]|& 7|&3sl=
HolAE Aol F A v+ ETHFoIH, st=dlo] 1 A4S A sk, 7MY AFEA
AEH o] 2E A Y3t w2 A AAeE S Z a2 ) 0T S E o)

S

=]

Blynki= ®x9] PC7F Zaglom ¢

Blynk Server

Blynk Libraries

) Intemet Access of your choice
Ethemet, Wi-Fi, 3G ...

19 3.19 Blynk
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219 3.20 Joint orientation test apparatus

(a) Clinometer (b) Mobile application

29 3.21 Clinometer and Mobile application
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3 3.10 Comparison of each joint orientation(Clinometer and Drone Measure System)

(Unit : degree,®)

Clinometer (a) Ard}nno Measure Mopﬂe Difference (a:b) Difference (b:c)

No. System (b) application (c)

Dip ) Dip- Dip . Dip. Dip . Dip. Dip . Dip' Dip . Dip.
Direction Direction Direction Direction Direction

1 51 134.00 48.11 128.61 50 131.00 2.89 5.39 1.89 2.39
2 49 118.00 45.34 123.56 49 120.00 3.66 5.56 3.66 3.56
3 50 123.00 47.26 115.65 51 121.00 2.74 7.35 3.74 5.35
4 49 107.00 52.48 101.66 51 108.00 3.48 5.34 1.48 6.34
5 49 100.00 53.54 107.31 50 102.00 4.54 7.31 3.54 5.31
6 51 101.00 48.65 94.42 50 99.00 2.35 6.58 1.35 4.58
7 50 98.00 46.12 105.09 49 100.00 3.88 7.09 2.88 5.09
8 50 118.00 47.33 114.56 49 117.00 2.67 3.44 1.67 2.44
9 49 122.00 46.26 11713 50 120.00 2.74 4.87 3.74 2.87
10 49 126.00 53.89 131.65 50 125.00 4.89 5.65 3.89 6.65
11 58 132.00 54.46 128.35 59 130.00 3.54 3.65 4.54 1.65
12 60 117.00 57.65 121.06 60 119.00 2.35 4.06 2.35 2.06
13 59 116.00 63.79 110.71 60 116.00 4.79 5.29 3.79 5.29
14 60 96.00 57.46 102.49 61 98.00 2.54 6.49 3.54 4.49
15 59 94.00 53.12 100.74 61 95.00 5.88 6.74 7.88 5.74
16 61 103.00 63.42 98.85 59 101.00 2.42 4.15 4.42 2.15
17 60 102.00 56.21 97.56 60 103.00 3.79 4.44 3.79 5.44
18 60 126.00 57.68 121.98 60 123.00 2.32 4.02 2.32 1.02
19 61 127.00 64.31 132.67 58 129.00 3.31 5.67 6.31 3.67
20 59 130.00 63.36 125.64 60 130.00 4.36 4.36 3.36 4.36
21 70 122.00 65.34 126.11 71 123.00 4.66 411 5.66 3.11
22 71 109.00 65.88 115.87 70 110.00 512 6.87 412 5.87
23 70 107.00 66.13 102.64 69 108.00 3.87 4.36 2.87 5.36
24 69 114.00 75.99 119.11 63 112.00 6.99 511 7.99 711
25 71 97.00 75.89 102.35 70 98.00 4.89 5.35 5.89 4.35
26 71 95.00 66.23 99.65 70 96.00 4.77 4.65 3.77 3.65
27 71 109.00 67.94 113.17 71 109.00 3.06 417 3.06 4.17
28 69 117.00 74.10 112.34 69 118.00 5.10 4.66 51 5.66
29 70 130.00 74.54 125.61 70 129.00 454 4.39 454 3.39
30 69 122.00 71.64 126.74 68 120.00 2.64 4.74 3.64 6.74
31 79 127.00 81.98 131.45 79 129.00 2.98 4.45 2.98 2.45
32 81 129.00 78.25 124.99 80 128.00 2.75 4.01 1.75 3.01
33 80 112.00 82.33 109.35 80 110.00 2.33 2.65 2.33 0.65
34 80 100.00 84.09 104.32 81 100.00 4.09 4.32 3.09 4.32
35 81 97.00 79.02 100.11 81 98.00 1.98 3.11 1.98 2.11
36 79 93.00 83.29 97.36 79 95.00 4.29 4.36 4.29 2.36
37 79 107.00 76.33 101.64 78 110.00 2.67 5.36 1.67 8.36
38 80 108.00 84.99 111.28 80 106.00 4.99 3.28 4.99 5.28
39 81 123.00 76.87 120.36 80 120.00 4.13 2.64 3.13 0.36
40 80 115.00 83.07 117.84 81 117.00 3.07 2.84 2.07 0.84
Average Error 3.70 4.82 3.63 3.99
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plane failure wedge failure toppling failure

(a) Clinometer result

plane failure wedge failure toppling failure

(b) Drone Measurement System result

plane failure wedge failure toppling failure

(c) Mobile application result

19 3.22 Joint orientation using the streograhpic projection method
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