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Improvement of Indoor Positioning Accuracy using Smart LED
System Implementation
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Abstract In this paper, in order to minimize limitations such as signal interference and positioning errors
in existing indoor positioning systems, a smart LED-based positioning system for excellent line-of-sight
radio environments and precise location tracking is proposed to improve accuracy. An IEEE 802.4 Zigbee
module is mounted on the SMPS board of a smart LED; RSSI and LQI signals are received from a moving
tag, and the system is configured to transmit the measured data to the positioning server through a
gateway. For the experiment, the necessary hardware, such as the gateway and the smart LED module,
were separately designed, and the experiment was conducted after configuring the system in an external
field office. The positioning error was within 70cm as a result of performing complex calculations in the
positioning server after transmitting a vector value of the moving object obtained from the direction
sensor, together with a signal from the moving object received by the smart LED. The result is a
significantly improved positioning error, compared to an existing short-range wireless

communications-based system, and shows the level at which commercial products can be implemented.
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dutdow ALY 72  GPS(Global
Positioning System) $AIX S 7|Hko g2 Slof thofst
AHIAR 8T Qinh ¥HH, GPS A1E S=4l0] o2&
AYoxe= F2  WiFi, Bluetooth, RFID(Radio
Frequency Identification) & <AZ] FASAl 41
ARgSto] tiAt EA19) YA1E Itk S ARgStL
et iRk 712 A $IRIQ14(indoor positioning)
71&2 ot FE9 AW dopds] AojE Yol &
71eEE A 7ML Sl

WiFig A8t AZAY (finger printing) HH<]
7%, WiFi AP(Access Poin)ZF-E| 4lEl= RSSI
(Received Signal Strength Indicator)9] 27|15 H|1
sto] /IAE FRlsks e R, 7] AXdE APE &8
&= SlE o] Slou, AAE FIPEE APY o w
2t 9219] A=t dEtAH, AP £AE F7HAI7IH
dlole] AZA7to] F7FsHAl HH1,2].

EF52 H|E(beacon)S AMEEE AUIF|Q14]2
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Fig. 1. Smart LED system architecture for precise
indoor positioning.
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o1& Agsta Ao Ao4SE LED BERE HIs}
7] J3iA, OAE Aol 291 [EC([International
Electrotechnical Commission) 62386 DALI(Digital
Addressable Lighting Interface) 74712 283519t}

HA olFAE Ad EaE 1xHog AutE LED
SMPS(Switching Mode Power Supply) EEWQ 4=
Al BE] YIAYRE FAIFTE ARKE LEDY] Zigbee
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Aa AEHAA-BMS: Building Management
System)°l4] X0 = &&= Ut DAL= HAEYW
B9 AXETE Aolg A3t B4 ek AsHEES
gJ5tH, AolE] Edolu TR/l Aglol F4gt =
e Algsict 2 ARAE2 Control Gear®} Control
Device2 EFFH, AXulct 189 F4(address)S
Fofgitt.

2 =2olAe 74 84S B8 AloE ¢ IEC
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Fig. 2. The architecture of IEC 62386 standard and
Part 104 protocol. (Source: Report of Digital
[llumination Interface Alliance, March 2018)

(byte)s 31993, LED RES AE9 dH¥T
(serial number)?} WjAsH= 6 HIO|E 1GHTE SF
sto] B2 AHSHA =i

Table 1. Wireless transmission frame structure

Wireless frame content
Frame tyoe | Trapsaction | Source Frame
* ok Payload
type address format
Control gear xxuf nn00 | ssaa aaaa | 1 byte | (= 6 byte
forward
Control gear xxuf nn01 | ssaa aaaa | 1 byte | (= 6 byte
backward Y Y
Control device xxuf nnl0 | ssaa aaaa | 1 byte | (= 6 byte
forward
Control device _
backward xxuf nnll | ssaa aaaa | 1 byte | (= 6 byte

* Definition of transaction type format

- x: Reserved bit

- w1 if either there is no short address or there is no wireless
system address in the source address byte, 0 otherwise

- f: 1 if this is the first or only frame in the transaction, 0
otherwise

- nn: the number of frames in the transaction to follow this
frame(0-3)

- tt: the wireless frame type 00b-11b

** Source address consists of 1 byte with the format ssaa aaaa,

meaning dependant on the value of bit u in the transaction type
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Fig. 3. The principle of trilateration based localization.
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Fig. 4. Operation flow of LED modules for a moving
tag.
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Fig. 5. Operation of direction sensor to recognize the
direction of a moving tag.

3.2 A &4 714 3 £ Ay
Fig. 6= & Ago] AR&St 819 Zigbee LEC] &
2 LED AlolgAl HEO] AF AME HolEr,

(a)



SHARSH| &8 =2R] A2238 Al1E, 2021

b
Fig. 6. Pictures of tag and LED communication board
containing Zigbee module.
(a) Tag (b) LED communication board
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Fig. 8. Display of radio signals in positioning server.
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Fig. 9. Display of tag location and LED module in
positioning server.
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Table 2. Test report of KTR(Korea Testing and
Research Institute).

Items Criteria Unit Results
Current harmonic wave 0 o
of SMPS Less than 15% % 6.4
Voltage variation of a o
SMPS Less than +/-3% % 0.1
LED error Less than 0.1% % 0
Positioning error Less than 1m meter 0.7
Battery p O_W r Less than 200mWh| mWh 50.8
consumption
a|] =t=
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