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Density estimation for mobile nodes using ad hoc communication
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In this study, we propose a method for mobile wireless nodes, which may be pedestrians
or vehicles with information terminals, to estimate the density of mobile nodes in their sur-
roundings. The method enables to provision intelligent services which are environment-aware
with highly dynamic movement of nodes, like intellectual navigation that tells the user the
best route to detour congested region. In the proposed method, each node is assumed to know
its location roughly (i.e. within some error range) and to maintain a density map covering
its surroundings. This map is updated when a node receives a density map from a neighbor-
ing node. Also by estimating the change of the density, taking into account the movement
characteristics of nodes, it is updated in a timely fashion. The simulation experiments have
been conducted and the correlation between the ranks of density values of unit cells in the
real and estimated density maps has been measured. The results in two different scenarios
have shown that the proposed method could attsin the correlation coefficients 0.64 and 0.84,
indicating the high accuracy of the estimated density maps.
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for(step=0; step< |t * Vinax/8]; step+-+){
D} « Dj;
foreach (ds,y € Di){
dyy = doy +0.2xdgy;
1,y dy—1,4 +0.2x dz,y;
dy g1 < oy—1+0.2% doyy;
d;c-H,v —dpot,y-1+0.2%dgy;
} z,y+1 d:r——l,y—-l +0.2x dz,y;
D; «— Dj;

return Dy;
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for(step=0; step< |t * Vinaz/3]; step++){
D} « D;;
foreach(dz,y € D;){
expand.# «— 1;
sum + 0;
for(j +1; j < n; j++) sum += datjy;
avg « sum/n; right « false;
if(avg > T Hmove){
right « true; expand_#+-+;}
sum + 0;
for(j «1; j < n; j++) sum += dy—jy;
avg «— sum/n; left « false;
if(avg > THmove){
left «— true; expand #++;}
sum + 0;
for(j «1; j < m; j++) sum += dg gj;
avg « sum/n; down = false;
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down « true; expand_#++;}
sum + 0;
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avg « sum/n; up « false;
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if(u}:\)d’m’y_1 = dg,y-1 + 1/expand # * dz y;
d;:,y = g,y + 1/expand # * dg,y;
}
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}
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EHEENBE~ y TOREIL 5 X 5B T5. R4 T
i3, BEEROHIEDY L2 LOBET, BE~ YT LEED
BESHRONEMRBEROEHEEZERL TS, ZORR
L0, 2 00EBEFNZRENT, BIERR LOBSIEE
BOBIE S Y OB & X VIBMHEBHRROFHENEL > T
WBZERZND. %D, BE~y TORMEEBEETS
1RY, BE~ v/ L EROEESFHOBLEIXNNT 5. &
EROHIE & BESMOBEE b L— F-70BRIZH Y,
BREICCTHICRET A Z L NEETHB.

5. B i

51 HEEIvIDF—4iE
BRFETREE~ v 7ORBREFHEAZANTNS,
ML L BT ZHEEITT OBIR BB T RIE B S 1 e
LR, TS XL > TRETF— S BENEAKTS. WSN
CTRRALF—F2trv v U/ — FESSERERBRK
L, By F—5 BREIELIE Y #EA query :£EI12F
ALY TBFRIE 6,11] BadbhTwnaid, FhbxAn
Y, BECLBF—FERREETI L bEILNS.
WTFNOFESL/— FICBT3HEELZ NS0, &
fEaRPEHBEIR D PU—FATRRBEVRS.

5.2 R#tTHEUBINHOKEE
REFECRASONBREZEE~ v S I2H0T 58
MBFSRE REE T2 ERTHEETES. Thicky,
GPS R ECHELZ—EDONEREZRINTZOHR LY, E
BN EERZEELCVEBALEEDOT T A S AFRIR
BrAML LERMICEBRREAAT L LTS, £
72, GPS AFIATERVEATH UPL [12] O X 5 B8
REFETHARECOHIBERET MRy 7 Xy M- %
NUTHETHFEREEZAVIZ L HAETHS.

6. HEnE

ERTIE, B8R KRy 7BEEHAVWT, /- FOBES
MEY TS A DHET DHEZRELL. v Ial—vs
VEBREIT, EBRENSM EHEBENMITH L, BATHIR
I OBEEMEONENA G OB A B UL RER, fEEERE
0.64 75 0.84 729, FMHEOHEBEN+LEV T LR
ni-.

VICS 72 & TR I W TV BEREIRE T1%, B
B TRELEEEFREBOTVE Y, ERMIZIEE
NOPREIN-EBERZ LOTEEBRRR L 2o TV B,
BRFEZIVEER S L< BB AR EEROER
OFERVTAIAL DMBHTHZ LT, 4175 TiihA—
TETVWRWRIFZERRRZ SERIM BB T EL
b3, FIERREOERIZLY, AV F YTz e
H—va i PEL DISABE LoD, Fk, EESu—
7 A — CHRERROKREIES, REFSR L ERET A%
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node density of crossroad using UPL at 4508 ———

node density of crossroad at 450s ——

(b) WK p PFEL~ 7 (cross-road)

(a) KEROFE />4 (cross-road)

node density of manhattan at 450s ——

node density of manhattan at 450s ———

(d) 4K p O¥E~ » 7 (manhattan-road)

(c) REXDEESM (manahttan-road)

B7 EROEESTRUEK p OBE~ v 7' (4508 HX)

timefs]

(b) manhattan-road

(a) cross-road
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3 BLIHABROHR

cross-road Manhattan

Hild 7z L HiF Y Hilgiz L Hilsdn

BE~ v 7HFHEERE (600s) 60000 = 13572 [E] 60000 [B] 14613 [

FIRE= v TR REFK (600s) 0 [ 46428 [A] 0 @ 45387 [A]

17— FY ) OFmEE~ v 7EHEERIR (600s) 300 |=| 67.86 Ial 300 I=| 73.07 laf

1 /—FS Y oY TEE~ v 7 EHREERIE (600s) 0 lal 232.14 la| 0 lg| 226.9 sl
SFIBISR (200nodes) 600MB | 202.41MB | 600MB | 259.81MB
BE~ v 7RFTBIEK (200nodes) 600MB 66.69MB 600MB 146.13MB
ST EE v T EBER (200nodes) 0KB 2.67TMB 0KB 113.68MB

1 BEE) DY TEE v TOFEY A X (200n0des) 0KB 1.44KB 0KB 2.50KB
SEHEREIRIE (15, Inode %7-1 ) 40kbps 13.4Kbps 40kbps 17.32kbps

& 4 AFRROUEASTEIEMIMGRRIC S 2 58 (21s~600s M)

WEAT IR A A X
1x1 2x2 5x5 10x10
I~ v 7% 23 #IZ%{E (cross-road) 0.715 | 0.749 | 0.777 | 0.839
YTEE= vy 7% 2 BRAEISEE~ v 7% 10s HIEE (cross-road) 0.691 | 0.719 | 0.738 | 0.802
BE~ YT % 25 IR (Manhattan-road) 0.552 | 0.595 | 0.650 | 0.748
FTEE~ v 7% 25 BREEIOBE~ v 7% 10s HICHEE (Manhattan-road) | 0.491 | 0.526 | 0.569 | 0.644

REFEERRBITONA TR, Zhbiziv THEEIINE
FREZEHRBELERI TR EOIEAEFLELLN, BE
BB AT DB TERRRRICB T 2EE S R T LD
SEHRFRAEFIRRAENS. —F, Kk avE L/
TR, BAREREKREZABBEE ARV PR Y
TH, BMERRFT IEHEREN L CHEOABERTE
BT 5 LT, SEANTEDRTEME S, EEEAT
HHEORERBESY VT I WRAREE RS, ¥
VANET ® MANET 23\ TR < O BHFSL—F 17
ORERZEINTEY, GPSR O X 5 I RFHESR» LEEY
b U IHEHEHI A EY 5 b ERINTWS. —F
REFUEDISE T T 4y 7T/ — FBEESHZIBET
ENE, ENETE/ — PRIV ERTO A v&— DR
FREL, FhEESLK A ve—J T4 9—F 4 T %1715
28, TVPEOLWTF—FEEFEHEERNT L2 L HEEE
Tha.

SHIIEROL O REFZHRE LT, X VBREREICH
LicvIab—va VERETV, £V T V404 L TOR
FERRRONTG A—FRE, BUER LA RERIER Sz
BMOMATHLSFETCHS. £, AvkE—YOEHEAI
Y ITRETE ARG A —ZIOXRELGEERED ) — R
DEEIE CTHRNIIURT A FRML, 7FI=
A M= ar7Y—TENWT o Fa AR ERT SRS
BOHEETHS.
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