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Design and Implementation of a Sensor Database System KRAFT
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This paper proposes a sensor database system KRAFT. KRAFT is a database system that
supports a variety of sensor data, and provides the following features: (1) freshness for sensor
data without losing persistence, (2) abstract data type for sensor data, and (3) continual
monitoring. To provide the feature (1), KRAFT uses remote memory as WAL files instead of
local disk. Each log record is sent to a remote log server with TCP concurrently. At recovery,
all of the log records at the remote log server are collected and sorted by ascending time
order and sent back idempotently to the database server. To provide the feature (2), KRAFT
extends relational data model, and permits users to make SENSOR TYPE to retrieve similar
sequences with euclid or dynamic time warping metric and to retrieve the last sensor data.
To provide the feature (3), KRAFT permits to make MONITOR that periodically executes
query inside KRAFT. We have applied KRAFT for a humanoid robot called Robovie, and
measured the staleness of sensor data. The results of experiments indicated that KRAFT
provides good freshness of sensor data and good scalability.
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Table 1 Sensors of Robovie.
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01 00000000000D000ORobovie
Fig.1 Communication robot: Robovie.
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1: C connects D, and D connects L.
2: L creates a logging thread for the connection.
3: C sends an operation to D.
4: D sends a log record to L.
5: switch (type of the log record) {
6: case insert:
7: D sends tuple frame to L and L sends ack.
8: D sends tuple content to L and L sends ack.
9: L gives offset of file tail for the tuple
10: L increments the offset for the tuple
11: break;
12: case append:
13: D sends sensor frame to L and L sends ack.
14: D sends sensor content to L and L sends ack.
15: L gives offset of tail for the sensor
16: L increments the offset for the sensor
17: break;
18: }
19: L sends ack to D.
20: D sends message to C.

N )
C: client, D: database server, L: log server

02 0DO0O00DOO0o0OOOo
Fig.2 Logging protocol.

1: D starts and connects to L with recovery port.

: L collects all of log records limiting in
committed transactions from log threads.

: L sorts the records by ascending time order.

: L sends all of the sorted records to D.

: D makes transactions from the records.

: D executes redo of the transactions.

N

(=2 I ]

D: database server, L: log server
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Fig.3 Recovery protocol.
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1: Set W(Q); h
2: for (i :=0; 3 < M; i++) {
3: Calculate d using W(Q) and W (S;);
4: If (d meets condition(e.g, =0, <10, etc.)) {
5: Creates a new SENSOR_SEGMENT;
6:  Copies W(S;) to it;
7
8:}
N J
Q: Query sequence of length n
S: Sequence in database constituted of M elements
Si: Subsequence of S starting i-th element of length n
d: Distance between @ and S;

W: Window for Q or S;
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Fig.4 Algorithm for subsequence retrieval.
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1: result := invoke executor and measure time;
2: calculate WT and TDL;

3: sleep(WT);

4: while (now is before TDL) {

5: result := invoke executor;

6: sleep(v);
7:
8:

send result to client;

05 DO00OD0O0OO0ODOOODOOO
Fig.5 Monitor algorithm.
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sonar_data
N AN
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Fig.6 Data model of KRAFT.
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Table 2 Operations supported by KRAFT.
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(create|drop) table Create or drop a table

(create|drop) monitor | Create or drop a monitor
select Retrieve data from database

insert Insert a new tuple into table

append Append a new sensor data
into sensor attribute

delete Delete tuples
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Fig.7 Architecture of KRAFT.
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% create table experiment (id int, sonar_data sen-
sor_int)

% insert into experiment values (1, null)

% append into experiment.sonar_data values (3)
where id = 1

08 KRAFTOOOOOODO
Fig.8 Memory map of KRAFT.
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Fig.9 Storage organization of KRAFT.
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Table 3 Conditions for staleness measurement

experiment.

Number of appender 1
Period of appender 10 ms or 50 ms
Period of monitor 1s

Duration of monitor 300s
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% create table Robovie (id int, motorl sen-
sor_double, ..., motorll sensor_double, sonarl
sensor_double, ..., sonar24 sensor_double)

% insert into Robovie values (1, null, ..., null)

% create monitor monitor_Robovie period 1s as se-
lect * from Robovie where latest Robovie.motorl
% run monitor_Robovie during 300s

.

010 OO0OO0OO0O0O0OOOOOOOOO

Fig.10 Commands for executing continual monitor.

while (1) {
append into Robovie.motorl values (1) where id
sleep(period of appender);

}

011 00O00O0O00O0DOO0O00D

Fig.11 Commands for executing appender.
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Fig.12 Transition process of staleness(s) (Appender

period=10ms).
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Fig.13 Transition process of staleness(s) (Appender

period=50ms).
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0 4 staleness(s) J0O0DDDOOOO
Table 4 Statistical results with staleness(s).

ooooo ooooo ooo ooo
(ms) (%) (ms) | (ms)
10 4.10 10.4 6.23
20 2.25 23.9 11.2
30 1.13 30.4 16.1
40 0.38 94.1 21.6
50 1.13 50.4 26.3
60 0.00 58.2 29.7
70 1.50 76.4 35.7
80 1.12 80.4 43.0
90 0.37 90.6 44.7
100 0.00 98.6 50.3

000000 Xoooo

;00000 ID0 myidOOO

sfor (1=0;1<X; ¢ 4++) {

append into X.myid values (i) where id = 1;

}

QU Wy

014 0000O0O00ODOODO0ODOOO
Fig.14 Program to append sensor data.
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e select sonarl from robovie
— {100,110, 120,130, 100,170}
e select sonarl from robovie where simseq external
[100,100,100] with euclid < 10
— {100,110, 120}
e select sonarl from robovie where simseq external
[100,100,100] with dtw < 10
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Table 5 Disteycig and Distgr, for samples queries.

Subsequences

in database Disteyciid Distgtw

{100,110,120} 7.45 4.47
{110,120,130} 12.5 8.00
{120,130,100} 12.0 9.17
{130,100,170} 25.4 17.4
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