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[Abstract]

Countries around the world, including the U.S. are actively researching to commercialize the logistics services using drones. In Korea,
telecommunications companies as well as logistics companies are researching and developing the logistics services using drones. However,
there’s an environmental difference for last-mile delivery between the U.S. and Korea. In Korea, more than 77% of the population lives in
apartments and the population density is the 4th highest in the world. Accordingly, in terms of the logistics services using drones, it is
necessary to research it with the Korean suitable environment. In this paper, a precision positioning method of drone last-mile delivery in
urban areas using short-range wireless communication and barometer is proposed. The experiment results show that the proposed method
can detect a window within 2.5 meters. It is expected that the proposed method will help improve the logistics services using drones in
urban areas.
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. . Alat .
distance = 2R » arcsm(\/sm2(Ta)+cos(latitud62) « cos(latitudel) » sin®(

R : radius of the earthwhichis 6,371km
Alat : latitude2 — latitudel
Along : longitude2 — longitudel

1
Altitude = 44330 < (1—( pﬂ) 5:255 )
0

@

p : measuredpressure

Dy : pressureat sea level

2-3 22| FMBM JI=

AT FAFA 7= Wi-Fi, Bluetooth, IrDA (infrared
data association), UWB (ultra-wide band), NFC (near field
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Table 1. Comparison between Wi-Fi and Bluetooth.

Wi-Fi Bluetooth
Bandwidth High Low
Range 100 meters 10 meters

Frergﬁggcy 2.4GHz and 5GHz | 2.400GHz and 2.483GHz

OFDM(orthogonal
Modulation frquenoy division GFSK(Gaussian frequency
techniques multiplexing) and shift keying)

QAM(quadrature

amplitude modulation)

Along
Llong) ) m

Wi-Fi¢} Bluetooth®] 21& A|7]& stetslr] 91ated RSSI
(received signal strength indicator)E 2-8-3+t}. RSSI ¢k 2
5 A0 At I sd ZEae] Ayt ddiH o w 7t
7HIA1= o] tH18]. o] RSSI ¢hs o]-&-3te] 2|(3)3} 2] A
Y& SAT vk 2oy 79 A A1 717 wek A
3} & Eo] gy o2 RSSIE &-8-3F A 542 4%
L7hsri19]. 2 Aol A uli BhS )R]0 A4 9] Wi-Fi AP
<} Bluetooth?] RSSI 7S &-8-3hc).

Tx Power — RSSI
10n
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n : loss factor
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Table 2. Experimental environment and device.

Description
Inside the windows on the 1st and 2nd floors
Place
of a 3—story house

Device for LM-V500N(Android 10)

order
Device for LG-G710N(Android 10)

drone

https://doi.org/10.12673/jant.2021.25.1.60

62



E 3. TH|E 59 o g2o| e ds

Table 3. Action for each device according to the
positioning related information.

Device for order Device for drone
. Sends the latitude Searches for the Iocapon
Latitude ; that matches the received
coordinate from GPS } )
latitude coordinate
_ Sends the longitude Searches for the Iocapon
Longitude ; that matches the received
coordinate from GPS - )
longitude coordinate
_ Sends the altitude Searches for the Iocapon
Altitude ; that matches the received
coordinate from GPS ) .
altitude coordinate
WiFi Sends the name, address|Searches for Wi—Fi AP that
information and RSSI value of the |matches the received name
nearest Wi—Fi AP address and RSSI value
.| Sends the atmospheric | Searches for the location
Atmospheric .
pressure from the that matches the received
pressure !
barometer on phone atmospheric pressure
BLE Sends the BLE device | Searches for the BLE
) . device that matches the
information name from the phone )
received name
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Table 4. Terminology.
Terminology Description
Ac Currently detected value of A
Ar Received value of A
LAS Latitude score
LOS Longitude score
ALS Altitude score
WRS Wi-Fi RSSI score
APS Atmospheric pressure score
BS Bluetooth low energy score
PPS Precision positioning score

TAoMel E2 Last-mile Hl& 7|&2 HY =2 7|

3-3 L 2Ux| B Bof X ®©r3 =2
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Precision Positioning Technology

ORDERER Application (GPS POSITION)

Latitude
37.5555398

Longitude
127.0738076

Altitude
42.70000076293945

Wi-Fi AP Name, Address and RSSI Value

iptime

-33

BLE Device Name(This name is shown from the other
devices)

Drone

Atmospheric Pressure

1013.59

g 1. F2ARE AE ofE2|A oM
Fig. 1. Experimental application for orderer.
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Precision Positioning Technology
DRONE Application (GPS POSITION)

Latitude

37.5555837

Longitude
127.0738253

Altitude
42.60000228881836

Wi-Fi AP Name, Address and RSSI Value

iptime

-40

BLE Device Name(This name is shown from the other
devices)

Orderer

-60

Atmospheric Pressure

1026.2

<PPS>:98.54404468140729
<LAS>99.99991292905935
+>3.269999999844231E-5(37.555551)
<L0S>99.99998174289635
+>2.320000000111122E-5(127.0738021)
<ALS>100.0
+>0.0(42.60000228881836)
<WRS>92.5

[WIFINAME]iptime[ADDR]

53

<BS>100.0
[BLENAME]Orderer[RSSI]-97
->-37100.0

<APS>98.764373416488
[Pressure]1013.52
->-12.680000000000064

[RSSI]-43

a3 2. =2 AF ofE2l7olM
Fig. 2. Experimental application for delivery drone.
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Table 5. A; values at orderer location on the 1st and 2nd

TAloMel EZ Last-mile & 712

E 7. 1501M9 Ao 2ot
Table 7. Experimental result on the 1st floor.

Aol =9| 7|

floors.
Aci(left) Acz(center) Acs(right)
AH Ar2
LAS|99.9997781946706 | 99.9998197332437 | 99.9998532836297
LAS 37.5554547 37.5555407
LOS|99.9999075340656 | 99.9999426317735 | 99.9999760768987
LOS 127.0738254 127.0737927
ALS 40 10000228881836 42 70000076293945 ALS|99.9999942922240 | 93.7655920985351 | 94.5137141212759
WRS —49 —45 WRS| 42.8571428571429|95.9183673469388 | 36.7346938775510
APS 1011.99 1010.49 APS|99.9950592397158 | 99.9950592397158 | 99.9980236958863
BS 100.0 100.0 BS [100.0000000000000(1 00.0000000000000/1 00.0000000000000
_ PPS|90.4753136863032 | 98.2797968417012 | 88.5410435092069
4-1 130AM2] A
1204 AEE A= B 6, T 73 2ol Any FEA9 4-2 2=0jA2] &E Zn}
T ol =20 i 7MY 8}011 S45 Aol Ay A
g 9219 A5 = k257 Age] A SdellA = 250l A AEe A= 3 8, 3% 99 At & A EF I 2ol
At Azjolt. At ALY A ol =20] Qlth= 71 sloll 5435 2
¥ 62 GPSERE] ¥olx 9%, A%, 1% FFe] e o Ayt A 3 $12]9] H5} 95 ok 2.57]E] A<
A2l 35 W el 1 gho] =24} YA HS5edA 9] 54 B ol A S ¢ Aotk
7k01 20099 o F 02 71 S gkar, FEALe) ul gke] 1o ske] 150l o] A7} o] GPSEAE Slojxl 9, A,
9] ZX*%M 293.76 o0 2 AduH o = 7HE Sk L% #3e] A Al LAS, LOS, ALSS] foms 4
w3, 3 77} o] GPSERE Rojx 9, A 4w @ 91AE soteht] ojelgo] ULk F 83} o] FEApe]
A2 LASSFLOSS) ol v]3) i2e] JSe A2l ALS gF S0l Me) SAgto] 208,51 oo 7V S gkeh e
L& e Yol = B-ElaL 939 A 99 Alo] & WFo] S-S Fzpe] Aol A 2] ke 296.78 o] Ako & Askel =90 94}
& = AT e 7)qte] AR Al APSE Al A 7+ AF
5742k Zol7t Ao s 5S¢ 5 ATE wEkA, A gk 2 AHE 3 99F 2ol LAS®F LOSS] #tell HIE ALS
oz 47t =2 APS9| ¢S F3ll ALSY] #h& 1B %M WHEo] LS & AATE S Aj 3} o] 71¢ke] 4 gt
%5 ek 2 APS 7ke] Atol7t 4] Yot ALS®] 59) @Ak BAY
Wi-Fi AP2] RSSI #te] A<l WRSE FEA1o] FE- u} fr AL, Wi-Fi APL] RSSI #h2] A9 WRSS] ghe] W5
2 Shof|A S4H ghel 7W WS &5 U T3 91 Zo] A AL Z9)o 3ol E F = FAECIUSS L F
of| & AT w4204 952 WM Fo] 78-S &= ok AATH
A A3} F 63} Zo] GPSHH FE-S wjoll = FEA} F= AEA} 250l AM o] AT 15004 e] A 2ol GPS F
ol el 2w vt 76 ok ekt RS ddehs 3] A3l LAS, LOS, ALS #hehe 2= 4d 914 vjoto]
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= RS Yok Ak e S 2 4 At
¥ 6. GPS ztm:e| Mot mMo| g ¥ 8. GPS =tmeo| Met: Mol §f
Table 6. Summation of accuracy score for GPS Table 8. Summation of accuracy score for GPS
coordinates. coordinates.
Aci(left) Acz(center) Acs(right) Acs(left) Acs(center) Acs(right)
LAS LAS
+ +
LOS[299.9996800209600293.7653544635520294.5135434818040 LOS 295.79196939500701296.7820778460540298.5146463648270
+ +
ALS ALS

65
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Table 9. Experimental result on the 2nd floor.

Acs(Left) Acs(Center) Acs(Right)

LAS|99.9999163905765|99.9999187870249 | 99.9997992308748

LOS|99.9999755260434 | 99.9999788312080 | 99.9999918157830

ALS|95.7920774783871 |96.7821802278206 | 98.5148553181693

WRS| 66.0377358490566 | 94.3396226415094 | 77.3584905660377

APS|99.9763187496300 | 99.9792789059262 | 99.9703984370375

BS [100.00000000000001100.0000000000000/100.0000000000000

PPS|93.6343373322823|98.5168298989149|95.9739225613171
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