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Truster : Efficient Query-oriented Clustered Storage Solution for Autonomous Vehicle Trajectory
Data

WANG Zhengquan' and PENG Zhiyong'*?
1 School of Computer Science, Wuhan University, Wuhan 430000, China
2 Big Data Institute, Wuhan University, Wuhan 430000, China

Abstract Autonomous vehicle trajectory data holds significant research and practical value, attracting extensive attention to its
storage and querying technologies. However, existing trajectory data management solutions are primarily designed for general
trajectory data and exhibit notable limitations in efficiently writing autonomous driving trajectory data with high sampling fre-
quency. Additionally.the high cost of index maintenance in dynamic environments makes it challenging to meet the demands of
dynamic updates and real-time queries. To address the challenges of achieving high-frequency writes, dynamic updates,and real-
time queries for high-sampling-rate and high-real-time trajectory data in autonomous driving scenarios, this paper proposes Trus-
ter,an efficient query-oriented clustered storage solution for autonomous vehicle trajectory data. This method includes the design
of an encoder and embedder to generate position-aware keys for raw trajectories and extract feature vectors;a storage structure
based on a Log-Structured Merge tree(LSM-tree) called the CLSM-tree to achieve clustered storage of similar trajectories;an LCC
compaction strategy that leverages locality-sensitive hashing (LSH) for rapid clustering during the compaction of Sorted-String
Tables(SSTables) ;and a trajectory query algorithm that uses multi-granularity cache and bucket mapping to quickly narrow down
the search space. Truster not only supports high-frequency writes but also maintains index adaptability to dynamic workloads
while offering enhanced query efficiency. Comparative experiments on the real-world autonomous vehicle trajectory dataset Argo-
verse demonstrate that Truster achieves a 20% to 200% improvement in write performance and a 20% to 100% improvement in
query performance compared to existing methods.

Keywords Trajectory data, Trajectory storage, Trajectory query, LSM-tree, LSH
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WU . o — T 20 B BCR B, X T Ly, R
SSTable FY & (55 4 17) , X5 T H Al 2 4, WK% 2 B K
NG H RS B AR R 6 15D 5 28 N Z T R A A
PIECE CGE 711D . BERME LR ERF LS I SSTable
HE S, MRS HEIWEL W EHRL B TA SSTable
AT H IBEA BB 131D BRI L, h A 51 5 £ 1
SSTable i AT % A (55 15— 16 17). BEJE L, AL,
BT A SSTable XI5 A HH 4 S A S’ (5 17 1) B pk S Hhse
Pk STHEYE SSTable A S, HLZEL, FIL,., B T A SSTable
B A 5 WA 5E AT R4 B 18— 22 47).,

i HARZE L, . SSTable 4 S
/) F—  FRERRERL
1.M={};// iR EHN 54
2. Foreach ;€ LL do:

3. If i==1 then:

L' SSTable % it
4, sep=—

1

5. else:

Lt SSTable K/N2Z Fil
6. scp = =N 3

L%
L LA
: o Lopfas

8. M. put(Li,sci * wi +scz * wa);
9. (LissCmax? =M. getMax() ;
10, If scmax<<0 then:
11. Return —1.0;
/] #2348 SSTable 4 S
12. If Li==1, then:
13.  S.addAll(L);
14. else:

15, ssto=L /MWLMl £ ) SSTable;
16. S.add(ss to);

17. S'=L.UL1—S;

18.  While hasOverlap(S,S") do:

19. Foreach sst€S' do:

20. If hasOverlap(S,sst) then:
21. S. add(sst) ;
22. S'. remove(sst) ;
23. Return L,,S.
6 REER
6.1 ZHEER
MR 1 7E LSM W i Al 3 /e B2 L, 2T iR . 8 2

m L, R B R E) A bR,

1 fF LSM R rh,SSTable i 15 BY 2 4080 &, Fobk 7
] PRy 451 2 K

MR 2 FESA SSTable iy HAR1E B2 I T H T
P e T ST BE B 7E # A SSTable HHAT 5 4% /N 19— EB 45

BT ERERMHELS, Truster it T 20 E Z KNG,
WL — LW NEZFTEANA D Dbk & iy ke, A
R HL Z ARG LT 3 A4,

DSBS EHFCu. THBEREFHTEAFAEAD
SSTable ) B35 it iR S F1 R 51 B, Cy BB 95 76 J5 2LV I [F)
—A~ SSTable A} , i 51 M % 4 b T & B2 IS 44 8 SSTable, A
i A T b 42 T 2 T iR

2)LSH %4 C.. LSH 27 1l T % ## % 4~ SSTable 1y
LSH M K A i G5 B . TESE AT 90 A I nt, DL & 5484
R ) T BRI AL LCC it A8 A pl 4 B LA ST 18 XoF 5 360 60
T, AT AT 52 7 B 5 T, F8 A0 BE e i 19 4 v, 2R U5 B
HO P BB AT — 2 . L, G BE B 7R B A iR
i i G BT 12 BOURG AG LS H A FF 0 40 A 45
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IWELCr ., WEAA T EZA BN AE A KD #,
TEFEAT B A ) B, Truster @43 LSH W 3 & A7 3 A5 b
Y43 DT A 80 /MR R A TR, SR 2458 A B Y 43 Al LR
B, BE Ik IR B e 8 RS M A B . B b, Truster £ X 44
AR5y WA T KD B, DL R 34559 3 4l G 33
T,

6.2 ETHEZX

Truster BY 2 1) 538 09 220 76 T F H 43 4 35 17 38 & 25 [A]
RODRE TR E . Bk 4 DL R SEAR AR O TR R R T X — i
. ‘Li%ﬁ%‘%%ﬁﬁ*ﬁ-%#%ﬂ 3 A DR A 4 /N R S (]
2—2347) s 58 TR S R AT RS BT B DL SR S A A
B3I T, AH AL f 3 09 B AR %0 (58 24— 29 47D

AR W PE T, WARAE i fCGF 2 17 . X FEA
E 9 iy SSTable, N LSH 2247 Cy. 3k BUR I 114 43 4 e
SHEE B A LSH 5[ M(H5 8 47) . A A M ¥ f e A
7 B G Shsa 5 9 A7) o TSR by X R Y SR — SN B AT 4 A
TR B 22 47 Cr 2K B KD B G 13 47) , IR 04T KD A E 1Y
A 14 A7) 75 D 0 H 09 BT A 2038 i A A 8 4 v (5 16
7). 78 CLSM A4 iy 43 4 58 Al — stk DS Q2R 5 8 4 v Bl 3
R ECRA /N RS 5 47, W O PR B AT 5 I 8 & e ST A 4R
AR P g AR . BARHL R — DN WIRE R 0 (A
Sk 5B 34T IG5 A8 G 24 1), N 7E T
— R AE IR BRI AR AR (55 10— 11 f3) . iZIG R & Hrek ok
T, HBMEER ST EANEGER £ A GE 51T,

B BIIR I — A k0 B SRS BR I P (5 25
A1) 2% BB AR 48 25 100 55 3K a2 SO0 A 8L 31 330 bR 450 47 P9 3B HE
JP .l AR A A S Y BT A B AR A A O SE BA
B A7 0 08 (5 26 —29 47) I AR B A UE e = 10 & 550
0 R Sy 5 ] Y de A 45
=7 e |
Ak, BBGET, , CLSM W BT AT )2 L={(L1. Lo, Lo} B HF

C={Cu,Cr,Cr}
fith . HARBUEE A R
1.R={};

/B2 DA e P T A Y 40k o8 0
2. f=embed(T,);

3.e=0;// W5 W

4.8={};// WPl AR A

5. While |S[<<k do:

5
6. Foreach Li€ L do:

7. Foreach sst€ L; do:

8. (B,M)=CL. get(sst) ;
9. bia=LSH({,M);

10. biat =bia —¢;

11. biaz =bia+e;

12. If biat € Cr then:

13. kd=Cr. get(bia) ;
14. S'=kd. get(f,k);
15. else:

16. S'=B. get(bia1) 3
17. S. addAlI(S) ;

18. If bigz € Cr then:

2 5 B0 5 AT SR AT T R 67
19. kd=Cr. get(big) 3
20. S'=kd. get(f,k);
21. else:
22. S'=B. get(big)
23. S. addAlI(S") 5
24, et

/5 T ARG T HEAT RS 0 07
25.P={};// A k LS BN
26. Foreach key€ S do:

27.  value=lookup(key) ;

28. T=deserialize(value) ;

29. P.add(D);

30. R<P;

31. Return R.

7 KEigIT

7.1 EWEE

A2 % Argoverse 1 iz g 70 B4 45D
JE Argo AL RAGIE AT IR A 22 B 8o 4. % o A 3 2B 3
TR0 3D BRI 32 2l 0 A Al R AE 55 09 I 25 5 i i
o AR AR AL = RS B 1A 3D S RS B T 3 B 43 4K
i, ARSI SR T H Y a3l B A L R s R S
) 25 35 A A A UG 2 4% RT3 B 28 VO A AT SR AR A 0L 30 A

Argoverse 1

5 AL TS 204 4y BRI DC 2% BR 86 N HL By A E W 4%,
324557/*3E%$11@%ﬁ MRS I M A 320 AN, AN

FRRLE 5 BPLCRAEMAR N 10 Hz 1%
B BT . 3R SR BE N R 50 A
ARIII MG Truster 5 P9 Fh fix 56 #F 19 R 48 4 47 XF 1L, B
H A, Spatialite J& SQLite B9 B} 25 #
JRMA B R T BT B A7 % 454 R T R B 19 28 ] R
5| ;Dragon & — 1% T Spark W& 512 . h T HHAAR
P BESNARAA Ak D BE L B 9236 v il ] RocksDB AF  HAF fif 5
PR SCRPEUR R AL . SEE SR TR B AL N R 1 T A
W & TSRO BN 2 FJ’I‘?’J,A'-HJHT*A"J%%E'J%ﬁTEjﬂ

BEAS B B O R 2D

Spatialite Fil Dragon"’!

1 B A

Table 1 Data size

BB B/ A RESKE/A FHEHEELN/MB
103 3165 0.3
1002 22907 2.2
10007 227687 22.4
100004 2270725 222.9

#2 SOk
Table 2 Parameter settings

54 A
XA #y 3k 4 #0 D 10%.10%,10",10°

FASE N Sk 1,10,50,100
EEERE B 4/ K 1,10,50,100
WEEB 10,20,30.40

BT R ALK 35 17 7F Nexus 5 B Android 12. 0

Google Play B4 %%F . ZAE IS E T 1. 5GB i RAM
FTF x86_64 ZEH¥J ) Qualcomm Snapdragon 800 CPU, It4),
S8 # ) Android Gradle 3. 5.4 Fll Gradle 7. 4 #F47 B B .
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