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[Table 1]
Algorithm 3: Regression(F, I, I;)

1 F': an FOVstream

2 t. and Ps : timestamp and location of F
3 t. and F. : timestamp and location of F.
4 t; : timestamp of F;

5 Ae =t. —ts
6

7

8

o]

JAY)
P;:I — Ps -+ E(Pe — Ps)
return P;

714, F, FOVstream=> 357 2] 32#f| ¢l o] 3E3he 32| 9l o] R.9l-& o n|35}al, F,
o] el AR a9l o] ahal, = A A e Qo] AL A

s A A9l o] A AEE ofn]stal, F = 5] 29l
A& on3aL, ¢, = T8 el Al AR o n]staL, P, =
2ol YA HHZ v O}r’,F = o el T Ao s
7 g oo A7 AN on]alar, 1o mAE g Ee]
ek & ofn| gk

i

1:M
o

ﬂw"W(FF ) el delo] AHE)S YT 5, E5 A dA=
SN el el el AAE) el efe] SAAE) el 72l &

AbE e g ATS130). oW, &5 A FA = s 18 Sl Ak 9 74

PS olo (R 2| . o] o] o] 3T 7 Q) (E.
F.F. T ) YA FF ) A (EH 2] ];‘OE(R)% el o] s (F,
o] YA AH(P)E 7|Ht o 2 S| AN T & FF y Aol el el X (FENT el
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[72] X
[Table 2]

Algorithm 2: MarkupkOVScene_P(F', s, e, ¢p)

1 £ : an FOVstream

2 s : starting index of F

3 e : ending index of F

4 ¢p : threshold

5 for 1 < s to e do

6 P! = Regression (Fs, Fe, )
7

8

9

0

dist = distance( P/, P;)
1f dist > dist_maxr then
dist_max +— dist
1 peak < i
11 end

12 end
13 if dist_maxr > cp then

14 listl = MarkupbFOVScene_P(F', s, peak, ep)
15 list2 = MarkuplOVScene_P( I, peak, e, ep)
16 return [ist1 4 list2

17 else
18 return [Fy, F.]
19 end

[73] o] 7] A, F, FOVstream< 5-5=2] 3 g 9Jo] X olx gl o] rolS 9w alal, g
= o snyQ] T A A 2 e A o] slal, e = ] L] T
TR TS A9nE usa, ¢ p = rle geld /1 AE st

MarkupFOVScenet 7|& L2 & o] 7] ¢,
[74] 35200 A kare] o] el 6~7, 174 F.F ) el qlel el A A (F
st e

1ol 15 APk glele] el d(F)el 917 Au(p)F 7 IHke =, 3741
) del dslel A @) elelel TAlE) el A% e
s+ e
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[Table 3]
Algorithm 4: Markupl'OVScene_d(t', s, e, ¢53)

[84]

[85]

[86]
[87]

[88]

1 £ : an FOVstream

2 s : starting index of F
3 e: ending index of &
4 €51 threshold

5 for ¢ < s to e do

6 // Get the mean d of two extremes in the interval
7 d = MiddleValue(F', s, i)
8 dist = ('hqtan(*e((ﬁ J:)
9 if dist > ¢; then
10 list] = [Fs. I
11 list2 = I\-_[a.l_kl,l}:,)_lﬁ‘(ﬁ)\/S(i:ene_(jl(F, i, €, €7)
12 return list1 4 lisi2
13 end
14 end

15 return [Fs, £

o] 7] A4, F, FOVstream~> 59| 329l o] 3 3he &9 B9lE on| 3oL, s
v 5 Y F A ZEY QY aE r]dtal e = 0 ZHY F
Fa Qe EaE i, ¢ o = vlE ol Vs i v,

d

7 e,
()

3 30] AT obie] Ee] el 578 FORhe AbEeHE A8 Ve, ¥
30 A ekane) & o] ol g-15% el s % <lole] majele] ek e}
[e)

F1bgke] Zolol mhe) lele] meele /)& Zeel o ARa AL
epd,

S5S AT 4 3L, & S2002 §38] 31ES 7] Y dS ALEe] HE
558 A 4= 9lar, A S100S B8 =3k 7] 2 E A3 A S200=
o A= V)= = ]
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[89]

[90]
[91]
[92]

[93]

[94]

[95]

[96]

[97]
[98]

[Table 4]
Algorithm 1: FindingMarkuptFOVScene(F', €p. € ;)
1 £ : an FOVstream

2 c¢p, ¢y threshold for errors of PP and d
3 57 = MarkupFOVScene_P(/}, s, e, ep)
4 S> = MarkuplFOVScene_d(t', s, e, € ;)
5 return S U S5

o] 7] 4], F, FOVstream<> &-<2] 3L gl o] gy T g Qlo] X elS on|s|al,
p = re Aed 7lE A2 Ak, ch =g dold 7E ke

€
ow]3kar, S, & A S100S 38l A3 7= 2y
S S200= S8 AES V] g FYS 9w

71F TP e rnto 2 dE BES YA HA

71E s AHES 5 B AL A= HAEd Ve 2 d e e ®
Hpof e qlo] 23 HE B55 AT 4 ATh(S200)

WA, B Y A E ZAYS /EOR Y LE TS
T JEE Aol /9] IF R ERHET  ATKS210). o F £, & 594
F7F7)|& 2 e A4 d 450l A2 ZA(F), 715 Zd A F) = A4
S QJQEFEYH 7)E 2l A(F) Abololl X & T dES sy aFoR EF
= 3oL, 7] ZANE), 5 ZHYF) R 71E ZUJE)F T 5 ZUAFR)
Abololl Ak S Q15 S ThE Fhbe] aF R BRT 5 At

N 2 VFoR THYES O F /o] AFOR L{IA T, 85
A A= DFS AR LU QES ek, 1FS T e 2 g
= APzl T8 Leqlo] YAsk= A HAJHE 555 YL
A TH(S220)

555 IHe]eRolaEr T
F.o]| 2%, F, 3} F Aol ol Y28k XA &S E8H8)al F3F E.0o| §A48h= Az
APt HE S55 AT = ). &, 55 A AA= A2 28, T =
Mg WUz F UG LY YL Vo R o]l HE EE5S QAT
T ol

L6 HE BE2S5 QMG A4S LA S 7 d Eo|t)

62 Fzsho], Houlby o] o A Ao o whel A H HE E-3(70)0f 8l
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[99]

[100]

[101]

[102]
[103]
[104]

FAIBHA A E 6(a)= A RS, A= QW)= s LS AR
A2 thE 950052 LhER Zlo] 3L, I 6(b)E $6<a>°ﬂ =Al
I 50)ES e YA E e T 50)S VEY Aoja, &
shube] A (50)e s B EF5(TD)S WER Aol aL, & 6(d)= e
L AG0E 2ot DE E5(700& HER ZlofH,

% 6(byoll TmAlE a1 (50)2] ZHe= '0(3 6(a)oll Al H FFuhe] el (SOM
AloFZt 1Y) 42 x EJ(HM Aeld 7l wh(=, WF AAH Ay Ry &

WL ol € 2 7h 6@l =AE FE 2=570)0] 23 e d(50)°] Y

g H( E))Oﬂ o gk @2k A gko] 7] wj <ol vt

shubo] 3|50yl thek @9 EF(71)2 E 6(c)9k Zo] e 5= 9oL, o] &
st Hare] e C”(50)2 23l "HE B8 70)S Ve 5 9t &
6(c) A, rier, Tright > Tforward » Tback < 99 E57D g | ds0)e] A=,
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2 6(d)oN A, EE B2(70) A& | (Pt £ 2 X QPp,)o] A s
A3 F Y3t E YA EE 714, EE BE570)00 Eshd BE T
271D U3 A71(F, Mt Tign's Torwards Toactd 71 6 D) W A& 5 <l 9] %]
AH W eE 7RI e, €E S5(70)00 229k o}LH 99 B=2(71)9)
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[Table 5]
Ps Starting point of location trajectory.
Pe Ending point of location trajectory.
- Maximum distance to left sides of
fert moving direction
Maximum distance to right sides of
Iright . . .
moving direction
Maximum distance to forward of
Iforward . . .
moving direction
Maximum distance to backward of
Tback . . .
moving direction
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[146]
[147]

[148]

[Table 6]

Algorithm 5: PointQueryInMBTR (q,MBTR)

Py : Starting point of location trajectory
P. : Ending point of location trajectory
q : Query Point
1 : Number of FOVs in MBTR.
L : List of matching FOVs.
[ . Distance between Fs. P,
Tie ftsVright 7 forward,Tvack + MBTR parameters
B : Boundary for MBTR
{B is tilted rectangle given four r values }
if pointPolygonintersect(q,B) then
D = projectedDistance(Ps, Pe, q)
i = HD - Tforward) X n,l—],"‘
J = [(D+rpack) x 274
for k<1 to j do
if pointFOVintersect(q, Fi ) then
addList( L, Fy)
end
end

end
20 return L

e
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37 60 EAE darelEe] 2ol 8~20-, 4252 2,3, 48 28k Aot
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[157] 7M1, = EE E5d 239 Ze e Wdoln, e Mae A%
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zH Ao RY 7 ™ X0l EA ek A A S8k EH E5ol

[159] '] 58 B Al ivl A 3 55k 68 B AbE s A e
Atolell # Q1A A ool th-g3h= Lef|dlo] EASRE, HE S50 X3y &
I AEE 284 o i A ZaE A 2 Q] Aloldl] X gk ZH S
22708k #0A] Aol dl-gohe L UL FET 5 Ut

[160] g Q1A deofo] g3k 7 e B E5& FE8 5, Ao Ay FA = 7]
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[161]

[162]  ZRJE Ao gl-g3le dld S FE3= dags ofg 5% 73 2o

[163] %7
[Table 7]

[164]

Algorithm 6: RangeQuervInMBTR(¢,MBTR)

1 P, : Starting point of location trajectory
2 P.: Ending point of location trajectory
3 @ : Query Range { @ is given by convex polygon }
4 n : Number of FOVs in MBTR.
5 L : List of matching FOVs.
6 [ : Distance between P., P.
7 B : Boundary for MBTR
8 {B is tilted rectangle given four r values }
9 (' : Set of critical points to check

10 /* Collecting critical point */

11 C = getintersections(B. Q)

12 for Vvp € () do
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[165]

[166]

[167]

[168]
[169]
[170]

e MEE v sla, L ol Ao u-Ls)
o] o

13 if pointPolygonintersect(vg,B) then

14 S =C U VO
15 end
16 end

17 for Vvg € B do
18 if pointPolygonintersect(vp, Q) then

19 C'=C Uuvg
20 end
21 end

22 /* MBTR lookup */

23 if ' # ¢ then

24 Diin = min,ecprojectedDistance( Py, Pe, v)
25 Diar = max,ecprojectedDistance( Ps, Pe, v)
26 1= “D"”"i” — T'fo-r-u_;ard) X %—‘

27 j = L(D‘??I ar T Tha r:'fr) X n[r—ilrj
28 for k < i to j do

29 if polygont'OVintersect(Q), k. ) then

30 addList( L, F})

31 end

32 end

33 end

34 return L
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[180]

[181]
[182]
[183]

[184]

[Table 8]

pointl olygonintersec(q, ) | Returns frue if point g overlaps
with polygon P

pointFOV Interseclq, F) Returns frue if point g overlaps
with FOVScene &

polygonFOV IntersecK P, F) | Returns frue if polygon P overlaps
with FOVScene F

getlntersections( P, P) Returns all intersection points
between polygon P1 and P2

addlisf(L, Fx) Add frame id of F into L

Distance of g from FPs, where @q'is
Ea—

projectedDistance(Ps, Po, q) | PT ojection of q_o)ni;;)__)fs P e
Psq Py Pe

It is given by

A7, point PolygonIntersect(q, P)= ¥1E Ael@7h
DAE)IE o), 9E 5%, el 8% 53 ol 9 4 9o e
YERSL point OV I'ntersect(q, P E1E Aol
e Qd(F)o] W ¥ = 450l & HER AL
polygon OV Intersect (P, )< v %(P)(Oﬂ%
5 5)d 2l F)o] Lu = Aol S ER AL
getIntersections( Py, Po)= WA3@)(E =
5 )3 A E @)l E &0, dlQIA A 5) gkl alabshs S e
AL qdd List (L, m)b Aol Ul-g-ati= e9le] g 2Ed

L= ks A= WEYAL e odected Distance( Py, Pe, q)
= A2 e d(P) T8 e AP0l WA sk Aol T A (g)ek A2
Py 3+l 71 & e T

Al &) g_’fll

obef '3E 9= E g o A A Ao wE Ao A
ol disl) Ao A AlZk} v B AR EFE 1]

%9

I E2 el A
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[Table 9]

MBR —Filtering | R—Tree GeoTree

Range 297,800 6,039.4 4.554.2

Query(ms) (4400) (374.4) (153.6)

Point 68,297 1,302.0 1,264.5

Query(ms) (492.3) (17.28) (67.75)

Memory

Use(MB) 16.6 27.3 2.83
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[192]

[193]

[194]
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