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Abstract: Based on the

architecture of the smart runway, this paper addresses

existing concept and
the challenge of managing the smart runway data flow. A
systematic analysis of the data characteristics reveals that
the data are massive, multi-source, heterogeneous, and
multi-frequency. Based on this analysis, it proposes a
multi-level data integration framework, a multi-platform
physical structure, and a comprehensive data flow

architecture for the smart runway. To support efficient
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and reliable data utilization, as well as classified and long-
term data preservation, it develops detailed methods for
data preprocessing and standardization. Additionally, it
examines the characteristics of smart runway data
storage, leading to the design of a corresponding multi-
level storage architecture and appropriate storage
strategies. The implementation of the proposed system at
Rikaze Dingri Airport shows a reduction of over 95% in
invalid data without any loss of effective information,
achieving unified management and multi-source data
sharing. This paper supports the enhanced capabilities of
the smart runway, including real-time performance

evaluation, advanced risk warning, and intelligent

maintenance decision-making.

data
data

Keywords: airport engineering; smart runway;

integration; multi-source heterogeneous;

processing; data storage

P 2 LI iz Bl B B S P
Wt A s I R S A, T 0 R ST HLY i
A R IX AL AR GER RALEL I BRIE s wdit  H
BRI FH NS 2R 2228 AR BRI 2 0 T RS
AEPRE T B e BOR AL GG N TaE 5% 25
WA F-BMELANIXT o AR FE T, b [ RAUR 32
H B A5 P et , AR AE R R DU RIML 2545
FEMW, T B BRI AR B L E 1
Jiti BRI T SR Y R BT T AR VR
P S5 — AR BB , B RE ML 1 T b B 37 303
Y E TR R BRI

B R IE LA LRI Y 2% 26 14 A O At 21
1, L SR AR ke TE T o7 28 BRI A R s AR BT
-5 A LI 6] i AR PERE 1847 % AR
ARSI A , LA B 0 R i AR R 5l , 4%

> RAN S

=

5



1048 [l o K 2 2 MCH 9K BE 2% O

%53 %

LT P B S I P | XU A T T R R AP R A
DIREMLIA BRI O R A PR A
SRS R GE R R TR . B o
AR, DR T R BRI RE A A |4 T M A AT L I
POARAS B R AL A B8ORS E T BE A5 o b
fan th o a2 R, B T 2 REMLIE R Gt
FTROCHE . SR, 2 RE ML (R AR R B 2 A e
KRNI , 24 /NI AS ] W SR 1l ) 5 A
Z R R, I B R SRR EOR X 45 B R ML A 4L
P ook 7MERL, QAT Rk | Ak S PR R
TR T 2 Y i AR B e A . [ N A R
2 43 5 DA B 38 A1 >k ) BE 1 (foreign object debris,
FOD)"™™ QALY BAT g W I 0 308 A8 ] s g |
SIEE SYTA TRl ISTENTIRTA (NN 4RI RIS =K = 1 S
gy SR ROR I T R REMLE AR DGR B S
I SIS Sy T 1] AL AT 2R R Ry T
M oy R A T8I 2% E JR -2 v it I A 22 R [ PR AL
Y5 AT v A i E BRiLY 2848 - s SO v TR AT
[ PR ML 45 B2 18 TR 3 18 8 ) e A% ikt 8
WOCA S BT, i T A E B R g
AU, B OC T B L 1A 0 BT v A SR AR el 2
AHXT B — Y /0N, BRI I 2P ) e AR AR, B
2] R B 2 i Oy SO OB . v it
SEUE IR ARGV R T AR L 1 R S S
RE , TFURFC AR KT I BRIl , 7 i A 150 ] R 5
T 1428 B TR R T et AR — SR Re e
R BB ML , A3 B AR 28 8E 238 1 600 GB.
PR T B AL SR I B R A AT T s T
M L B T AR G B AL B 5K, SCPE R e
TE A TR e i S, DA ME DAHE S B4 B i i
PR L R BB A . DR ZH A R 55 T
AE HIE 72 58 0 1% S A BRI 4R A A B ARAEfidt o0 4
DE v

ARSCAEC A B REHLE N TR A A | i
S5 73 TR BB HLTE 19 52 2R BRI | Ak T OB Ak B
SEE BHORTBL, RGUESE T v B BE M A4 B s
AR A PRANAAAE Y S B ZE A 5 T s ORARAE H g
W H ALY, SC 30 e M 7 S BB i v 2k AT
SEFVH e AL T AR S A T BOE LA (2 220K
FROXHE A

1 EEEMIE R HIRRHE

B REMLE A DAL IR AU 2 RV 2

58 187 ) b 5 A PR R R 7 T T 1 3 T T
NN E AR T ARBIGER , i 18] KHLIE A RS IR
AT CEE TR S K A 8% , R T 1) A5 s
(R EE T R AR R T e i 2R
P A B RRAE o R BRI A AR I B R 2
R,

(D i, ARG RS R ZE S PR
A b B Ao ] N 38 2 AR R RO e 5, Y e
P R R AR B T 2 000 GB, M (1 BT ECHRE
B E B EIRE E

(2) 2. MG LA T 2501k
BOPEACR , X BB A BB X T 3 T ATk A
GRS TR N T AR N R A 2 R
b, 3 SRR PERE VAT LA ST | XURS: 7012 25 AN [F)
TIfg.

(3) 544 o 5 REMIIE Y ML 4G 25 b AR 4544
FEEHE (TR A RV | TR B AN [R] 2R A5 s, LA % [
—RGIMER A AS R i 1 7 5 Bk, BB R FH A% A
R ECHE A% =X, SO EIEAS W B s bR, 530
AN 28000 ) A% R ER BUE T =2 A AR B BE &2, 54ty
AT

(4) 500, A RS RN 22 5, ekt
FET Bl A N AR A5 e A% SR B SR AR A ] 3k
2 500 Hz, Wi 1 A5 0 A8 TR A A% A
FEME 20

R1 ERBHIEXDE

Tab.1 Data types of sensors

Brn ey ity
ey UiRETT RAE T SREELT O
SR BRI BRI RS BT . GNSS R {2
% A FORBHL S

2 HEREMEREER

B REMLIE A R 2T RGBT
AR ERAE - b 3 R VR S A o3 A A AN
R o2 Y5t v, sl B B HLA  MELAAE RS2 0] 58
Ui ARG . AR T 2R | S i L
P 5 AR 8 — A0 e LA R G0, S8 BLAR ) 4 T A
P S BN A FHAICR
2.1 HEEHREE

B He M B A S 4RI R
B R AL oA AR A A O R TR, Wl 1
7R o T ) 7 RN 1 Z2 IR B e R A R



57 1

VAW, A AL REME R G 2R ER A 5 N 1049

VR, 431 VN2 B s Tl AR 11, T
P 434 Y Flume 58 48 52 R A2 45 J AL AR AL
I 3 1 RS232 \RS485  Wi-Fi 2 b A7 B i A%
5 f A 8 58— 4 . HDFS  Kafka %14
BRI 53 A0 SBAE AT 6, nT B R4 2 4
HR O B R A T S B A AT R A AR L I R
FUSZE R AL B R S A R DI B . Tk
P v AT A o3 A R B A6 2 P R
Bl TN [F]37 SRR 5K, 4 Storm . MapReduce
SRR B AR A THE A AT

PEFIATSEPE . IR A 7R LB 25 L I
THi , e 2H W TCH R i, 2242 1 B D 4 B
AN AR Z 5 & 255 a% . 2Em, 4K
i AR B D RE T 2K, 16 1 55 g r 552 B0 30 285 i 7 K3
ARFIESE I, ot — S AT ik . B, ad e
TSI e A A AR B FE bt , A St 1T = 4 e
AEJEGE R, WK 2 s o R RE B E O A A
ZRORAY 1) 1o RO S B T 3l A e I R ) AP A
LS W T

- - = = =
AN
T
ol wi peeemrmmnn] Deeemmmmn) | 2
(it /=
¥ (=} 759 jﬂ% ﬁ%
: TEI vk
B A
5 38 | 22 e 2 22 ’ g WA |
H1 meRENR e el B || R
- Bz
Fig. 1 Data integration principle of smart runway -
| I A M %ﬁ
2.2 HURERHIWIBHIRK B
CHE AR I P B BT A RS A T TS e on
BURIIR S5 28 A 304 . Foop GRS iR 3 (W2 >>-> s
BUNTY: JEbiE R ER  RAEE

A TR I B T R BT S A AL R AT
TRHLAT 2R AN IR BT A A 2 A e N SR E B fE L
TN SRS R CEF SOt AT RN, 38
M G AL IR , A T AU 5 10 ST A ]
T RAELT G 0k, FoE T HE MR AR R
B UL, ITAE SEF AR o B8 o B s T A T
Ve, BRI 55 4, BA R B S T i E AR
FH o ASCHEST 9 g BB H 48 nUiA R T e = IR
S5 A BRI S5 2%, =~ IR 55 a BTGk vy s 4E A |
AR R 4, TR 55 as B e e v R . Al
VRS 2 Ml 79 2 e IOk 0 26D B 2 e 1) D W 12 i, JHG
B2 VeI B I # KR R iz fidl
HRA Y RV R YIRS 2% 2 IR T4
5 N KA, N L ] % R = g
o VIR S5 A5 A0 B A 55 WA, Al >R A Linux
Windows10/11 % F i #A/E RS0 . MRS a4 il &
KRB IRHTF- & I8 THEEVIE B n £ s @
I e B P A B B P
2.3 HURERBIEIEREN

B REHIE BRI BT B R B R R B

El2 EreMEEREN

Fig. 2 Data flow architecture of smart runway
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Fig. 5 Data of smart runway at Dingri Airport
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