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UAYV Data Collection Method Based on Data Value

XU Dan, LI Wei, WANG An-Wen, FAN Hao-Nan, GONG Xiao-Qing, CHEN Xiao-Jiang, FANG Ding-Yi

(School of Information Science and Technology, Northwest University, Xi’an 710100, China)

Abstract: Data collection is the most crucial problem of wireless monitoring networks. The UAV based data collection methods have
become the trend, as they can reduce the relaying times of data from the source to the sink, and improve the efficiency of network energy
by replacing traditional self-organized transmission nodes with UAV. Current UAV based data collection schemes, however, focus on how
to maximize the quantity of data using limited energy without consideration of data value, and hence perform poorly in energy efficiency
of UAV. The challenge for achieving maximum data value with minimum UAV energy consumption is to measure the value of the data, as
the value of data is subjective evaluation of applications, and there is no uniform measurement to compare the value of data that collected
by different nodes. This paper introduces the first data value based data collection method OnValueGet that collect the most valuable data

under the energy constraint. The intuition underlying the design is that nodes with similar data experience similar data value. The paper
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defines and selects the most valuable nodes (called data-critical nodes) by analyzing and comparing the temporal and spatial similarity of
data. The data sensed by data-critical nodes can approximately represent all nodes’ sensing data within a certain error. Aiming to collect
the data of these data-critical nodes, the paper then adapts greedy algorithm to programing the route of UAV with the limited energy, and
significantly improves the energy efficiency.

Key words: UAYV; data collection; data similarity; data value; data-critical node
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2.4 HIERBET SILEFEFEDCNS
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PIANTI o 2 (B AFTE I e=(u,v),e€ E; R Z WA AELE L. FAT 1K B G Bk Dy A T4 s AR ARABLOG 2R L 0 o] DA T 485 o T A
P00 B30 S SR Y HR IR R HE I SRR s T AR AE 7 PR B AN RS N R RS R R R AT E A
T8 ue V=N, /D15 — A0 R T 5 ve N IR R E N, 5 i T0 5 250 B B/, 58 HL N, A 0 T 503 6 7 £ O 4 4K 5
OB AR AR /.

TETE 2. 946 b B0 OGBS A UL i) 2 NP-hard.

WA T S b R/ S 4 1) R SR () NP-hard ™S i) S0 DR R B A 4 5% /) S T 42 o R A5 A1 B ok o 4
5 G AU A ) R — R0, B AT T LATIE BRSSO DG SRS AU R in) B2 NP-hard [ B N T RATE S — 4
Z T B 0] (47 30 24 i B

E 5,45 T B G=(V,E), ¥4 8 G A by Hd S5 s 5% inl I — AN S i) o v 77 7R Y 2% oh I 1) Uk

(KITG 1 B G'=(V",E"), -0 HAT Ay o /N SEC AR il LR — s 491

ATV PR TCR AN B DI RS N AR T V=N PR R w B NP AEAE 8 v (i
Sim(n,ny) VX F VA BAER A e, AR N, P EA GRS NP IRy ML A ZSR NP
TR OB B BOCBE I AR doe /NN N v PR R Y AR N N R R AT SO AR R T A B
DR SCICARE N AT [ FRD DR 000 O B 2328 5 () LR NP-hard i 8 IE 5. O

OnValueGet X T~ 4 D15 /i 10ILEFE, 7T LA A 3 N 2B BR.
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AN S AT AT DA < B G T SR AR i e A TS 43 DN A TG ) B b Rt L AT R e S
A, B1 LMDS [ {8, 1 21 H 7k 15, % T LMDS il 35 AR 1R ORS i R A 575, OIS ) 52 2% 18k 02" 7P 4 7 UAV
REAE o 2050 5 8 B0 D B 77T A 1K) B AR AR a0 200 S SR LAt 75 ¥k A 0k P 00t QBT BT B ) R, A S A
SCRR[37I 45 (R AR R SR At 3t T B SC B 1Y i B R 573 DeNS, WAL 1.

BOE 1 Bl R mUL P SE DeNS.

Input:

o Dy L T RS

o P MR ETA N R

o aMiRZE;

Output: 5 A 4 4.

i dtw(Dpre,&)—>Sim g qpn

2: cnodeset={}

3:  While Simg,qpp.|[ V>0

4 for all veSimg,qpy. V do
- oa vl worh = — Sirr.lgmph[v]. | neibor |

dis(Sim

W

Sim

i V], COdeset)

6 end for

7: cn=findmaxworthnode()

8 cs.cnode=cn

9 cs.coverage=Simg,py[cn].neibor

10:  cnodeset.push_back(cs)

11 Simggpp. V—=Simg.qps[cn]

120 Simgyqpp. V=—=Simg,qpsl cn].neibor

13: end while

14: Returncnodeset

DeNS S 1 32 B AN AT P48 P AT IS A0 T5 s RAER (W 7 S B 4R Do PSP AT IS NS A1 L 2R 7
B P, LUK I % 22 B K e B0V 1A i L o T 4 b B OGBS R IR AR DA SRR B G SR 5T 5 X I 1R T R

1. DeNS 591955 147 o0, LA SL 80 Dy AN AU DTW S0t 575 RSB0 7 41 2 ) (¥ B 28R )
St I P 118 5% 22 S S S BT =1 a2 ) S 1 ARABL, S 7 4 2 4 0 7 A AR AR LA DG 2R ] Simgy s DENS BEVL I 5 3 4T ~5H
L4 AT /2 SR B DG s S AR AR RVE W28 4 47 ~28 6 47, DeNS MR A Q2. 7) U Simg, gpn AT SAHRS Y
(48 (worth) J& 1.

Sim,, .[v].| neibor |

graph (27)
dis(Sim,,,,[v],cnodeset)

AQDIGF T RIR Simgrapn T KL Simgapn[VIF A8 I 508 B 50 RERIR Simgyapnlv] 5 BUAT 1080 OG5
RES cnodeser T B B I SE AL G, 5 SimguguVI AN B B L worth 5 048 J& 4 S 4 H
Simgyapnlv].Ineibor| LI L, 5 A BRSBTS RUKBE B dis(Simgyqpnlv].cnodesen) R W BEVES 7 AT Simgqpn
W worth J&YEEBCKI AL on, SEE 4 B IR H T 0 es, 09595 A1 es ISR AN 55K, 3F H S B0 A 1 s OBy
SR B T R K T U B BB OGBS AR A cnodeset I EZ B OSHE Y AT s I coverage
JE T DR BT A TR AT S T R (B BT RN coverage &R HAE 55 YOI )05 5 K T R es B HLARDRT RV PR AT S
SONT RS Simgrapn. V PR

TR DNS FLyE AT PN BE R4l 20 51 DeNS B9 [ I 7] 52 2% B . DeNS 535 B 50 S A

Simy,,,[v]-worth =
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B 1B BOERI A DTW S35k, 54 4 W15 25 A AL O 2 B b A A A A DG R TR ) o Rt o 2 W A A4 05 5
P99 8% v A 4 2 TR A5 ARABA, DRI LI 1) 52 2% B Sk O(n®) M V1 008 I () 80008 17 90 P 0K S a U5 1
BB AR (R 1] S22 FE b O(a®xn®).DeNS HIE I HS 2 [y B MO HABL G 55 P 328 4% B0l o B 00 0, LA 00 8 40 S )
JITAE T s EAT PR VA B BT L R DA L5 2 B BRI R B2 2% R O(n®). IH I ,DeNS 553 1R IR 1) 52 2% 5 A
O(a*xn?).

BB A 9955 RUHTBLE DG R I Simgygpn "P AT N ANTH SR M 45300, HLA 24 BT DeNS HVLTH 45 H 10 Bt Sy
FECH Mo HSCER[B37]F S50 0T LSS, & SN +1—+2M + 1AL 3 SR Bl oo i AR UAV. Bl
HE 0 H ARSI UAV S8 e (AT 55 350 7T LU V2M +1 -1,

DcNS SE 5 H (I BT e W 2518 AT 1 B2 b AN 2 ] 5 AR 1. T 25080 SOG4 05 2 UAV AT
PR SE R R H AT L T DS 5 UAV A0S Hhm 45 . R, T R0 DB 8 — [ e AN L e s R
TRFE R 52 0 ) 45 (1 AR A TR DL S UAV WSCER BR8] S ek A 0 b ) 0, A SR R R A8 e ¥ A R 5 G BT
ARE — AN AR AR, Y L B8 /N T Ot (L B U0 LY A5 R S P R B S AT A B OB T S B e
INTRIIRAN T 50K FE AR A 1R AR D B 3 A E T e T 1187 B AR SN TR 40 1 18 1% e B 1 10 L A 3 A 100
25 BETHRXBTSNEANEBIEKRE

TEH m AN AL DU ABL R 7N AN WD 1) 4% v B R A R AR O 1A B OGBS No={enyena,. . onyt 2R,
OnValueGet ¥ N={cny,cns,...,cn,} "1 IO mOAE 9 BB 10 32 22 H bR, T AR 3 Hicdhs D0 1T SO B AL & DL H
P Ar B2 3ok AR P T i I S I DU B S A D0, B A R R UAV 1 RAT IR 6.

HTAETHE UAV Bl s i 72, A SCB I R4S UAV #5 — 30 W 21T 45 B 41l DCTQ(data collection
task queue),DCTO={T,T»,...,T,} ,JHRAF A& L A HTR BT BT 1S5 I 4R AT %% DCTQ H 14— AU IS AR AT 55
T,e DCTQ # AT 55 0 B [ 15 55 Node_id FHiZ 15 s 0 R (AR 0 (H Node worth WA RRY Ti={Node_id,
Node_worth} A& UAV AT E 8 R MBI 46 B B, R R & No={cny,cna,...,on,} 15 5 BT s 0L H0H A (0t
DCTQ #AT WAL 4 B UAV 52 5% T DCTQ ) HEI04E 45, WL AT 45 I DCTQ Hh I .

0T 000 194 % T T R H I (R AS 7 B0 DG BT S DU [N S 1 DG, On ValueGet AR 048 7 FLTY RUR 1%
1) 5 I N £ 1 3k ADCR(abnormal data collection requst) AT 5 i S I e B0 <7 FL 1T S0 M 28 B
Fo B DY UMM R A SR AR UAV BT BAR ISR I0 H AR L, UG IR AR 3 e A (1 I i
AHWRERCH UAV BRI H bR R 7 FL5 m0R R B BE B 740 B QA RE TR, an RAF G R O
W,UE ] FIFO J7vEREAT B 4. a0 FEEHE 2 LAY SR AR B B0 N 78 105 1 @ 1Y) 1 3 [ P9, AR i 4 i 4y
S B AR S TS I T AR R ) e A, B N ORI R B Zh R Rk — AN N R RSB ADCR 25
UAV, #H3 SCI N 2 A48 15 205 F0795 s I B ) B A (.24 UAV I8 2 ADCR I ¥ HAE AR 7E B T
DCTQ H.

AR UAV AR £ & B K B 3046 sid 8 — A TAE A w,UAV 75— TAE RN BLe 5K
A BEREA B, A — A TAE RN, 10 UAV 45000 1 G B0 B S 4E &8 = {nyng,. .., T DAE—
A TAE AN UAV WOHE I8 BT A 25005, S8 550 (s A0 L 24 (2.8):

V=3 vn) (2.8)

el
o v(n) w1 n; IR (A

25 E TR UAV B0 WOER () 2% A2 00 K] 10 380 R 2 3R Ay < 250 VAC B R R v Al s A ik 4% DCTQ v £ Wi
A5 IAAT W 5 J5 BURP , ORAIE FEAE — > A o 350 A WS 4R 380 1) 8 R A o KR B A1, i L7 5 W B 1 o 7%
rh A DT BRI A P 26 v T A B DA UAY BE AT B B0t G B n s 1 0 2 0 Bl 1 L s
P B AN

ML E SR A m] BL BT 15 HY UAV Bodis 82 1 445 30 81 i) f 2 — S Online Knapsack Problem,iX & —/>
NPC ] 5, A A7AEAT 30 A 08,
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H T e ) AR S 5] NIEE R 2 (collection gain, [ FX CG).CG HIMIHE & Xy UAV 75 4Rk oL M EE
— AN 5 B BT R AR (R B RN R BOK BN L B R R R LT UAV (MR
A R 80 IR 0, o R — 4 B B SR AR 45 1 CG B s, U UAV $0AT 1% AR 55 (A S 4 i v

X UAV [ DCTQ W5 i 464155 T, 105, o0 B (e 2 2% 26 vl DURYE A 30(2.9) vH 545 21

C. .
CG,=(1-0)—————+(1-0)" fi, (2.9)
” PUAV - Pni H

FE 0 3(2.9) 03 7 75 B WU SR I b B0 7 U1 UK AR B e 8 B4 IO %6, G o T, JIond L 1) 25040 A
(L, Puay Rox UAV [RJSEN AL, B, R78 T, 08 W )R8 AT 1 ng MALEL N, (1-0)C, /|| By — B, | F7% UAV
PATAESS T; (K E RN L 807 W1 R B, Ron UAV AT S8R5 T, 5, UAV AT 55 BAA Hh i 45 41 45 %
NPEH IR B KA, (1-0)° £, ok UAV 3T T, 109 1] B2 35 KRB 77 HE LU 0 5502 3028 TRt A 0 (2.9) % 7R UAV
AT HE B IS B AT: 55 I (BT AN 1 s R 8 ) i o 2 PRy AL B 2 i

AR B A A, AR SR B 5 0 UAV ISR B () B AR BEAT MR A4S UAV Sz AR B R 0T B IR 4
.

3 MEKBERSSR

3.1 HERNMESELKERES

AR ) OnValueGet Jy 2 3 B G T i) L B 40HE DG 5 49 DRk, AT 1B % MAC 2% 3000 il 4k 1)
A LA BB 1 R e AR MATLAB 147 077 50 52 56 B4 43 Bt 77 20 92 98 (1 Bl A R 855 % < Ak B 2% Intel 15
2.8GHz; N 77,8 GB; il 45, 1 TB; #2155 4y, Windows7 64bit,Mysql 5.5.

7 BT 56 I Ay SR AR 1) = MR A B0 L AN AR S R T 2015 4 12 1 H~
2015 4F 12 H 20 H 2 1], 3B e AR b & A I0s il 3 16 41 AN S0 8 AT o5 9 R4 i K st bl 38 930 15em
TR T PRI 82 . B30 SR 4 1) 0 T J2—20°C~40°C 22 [A], 32 B 1 18] 3 i s

Fig.3 Outdoor deployment of nodes
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SR 70.77%; HoA B0 DGR R B 25 3 B U) 2 B0k A 8 W DX SR AR A R AR AR SR B
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Fig.5 Number of data-criticalnodes of DcNS and
Greedy algorithm with differentapplication error
from outdoor dataset
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Fig.6 Number of data-criticalnodes of DcNS and
Greedy algorithm with differentapplication error
from indoor dataset
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Fig.7 Latency of data collection with different
application error from outdoor dataset
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Fig.8 Latency of data collection with different
application error from indoor dataset
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Fig.9 Data error with different number of Fig.10 Data error with different number of
data-criticalnodes from outdoor dataset data-criticalnodes from indoor dataset
Ko =AMURSE F A FHE SR Bl10 =N EIREE T AR S
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K] Sy 5 8 S B 00 a5 A 4 0 RO N P 2 T L 19X 8% P9 T R A 0 A DL 3t 4 B, BT DA M 45 T L
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Bl P9 AR A A S B80T (907 22 K T4 78 1A Y T AR 22, B AR AR B0 472 22 100 20 AT A8 R AR 8 8 A H IR K 1) i3
Bl BRI 2 A, AR AR T T 09 28 o T T A5k U0 B DG BT AN R R AE A A5 B TR O AR e DG T AR
AR BB TG S LT SR AR I B 2 TR 5 2 I AN SR AR K 1K A A8 45 R e v] DATE 45 78 1) BV 358 22 30 Bl Y
A I A AL AR 1 B A

21 LB AR 222 I BCE 2 0.001,0.002,0.005,0.01,0.02,0.05 Hsf e Bt 1% 1530k 86 50325 9 32 AT I 1) o A
AAE DL N 1 R DU G 18 B R 25 1 2 /D O DG BT AU B VA B AT I AN S A3 A G MR I AR b 7
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B, 5 N iR ZEHE A KA.

Table 1 Running time of data-critical nodes selection algorithm with different application error

R OAFNFRE N B BT Rk SRS I (A

[ 45 72 IEAT I H] (s) I 5 72 IEAT I [H) (s)
0.01 2.047 0.001 2.033
0.02 1.982 0.002 1.994
0.05 2.029 0.005 1.942

NS 1RSI0 405 SR a0 I P % 2 SR A Bl O B s i B DR OB TR KA o UK IR AR A T 5
W] UAV BEAT B W I 0 A 55 FITA T I A2 B P8 DT b 30 3 45 365 1) I P 45 22 T SR A 5l O B 1 i 22 K
S RN LT A UVA T S B0 O B R A B B vl LU R b gl 2D SR I Tk 3908 i g2 SR 4R e
FFE. [7) I, B4 S B 79 SR (10 £ SR A 7 8 V0 T A BT AT 3 R T s A B 5 22 A ARV (9 I 3 22 R A
L S8 73 e] LUKHIE, OnValueGet Bl Wio 2k 7 vk nl AT R0t i UVA 1Y s B 2 (1 24 RE.
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