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Spatial features in Oracle Database
Two Contact Tracing APIs
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Two Free Contact Tracing SQL APIs

* APl 1 -|Swipe IN/OUT Contact Tracing |- No GPS Tracking Data Required

Sensors on buildings, floors, rooms

Sensors record badge swipes — IN and OUT timestamps
API reports users that shared the same room

API reports how long they were together

* API 2 1 Proximity and Time Based Contact Tracing | — GPS Tracking Data Required

User tracks are collected with GPS sensors over time

Compares a user’s GPS track to other GPS tracks

APl reports all GPS tracks that coincide in both proximity and time.

API report duration (how long GPS tracks coincide in both proximity and time)
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What is Swipe IN/OUT Contact Tracing
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Swipe IN/OUT Contact Tracing (No GPS Track Data Required)
What is it?

| Find people that shared the same room at the same time} and report metrics like duration
 Duration - How long did they share space

* Example:

Installs sensors on buildings and rooms:
o A college installs sensors on classrooms
o A company installs sensors on floors, conference rooms and offices
o A nursing home installs sensors on bedrooms, activity rooms, dining areas..

Users swipe in/out of rooms

Each swipe records room id, and swipe in/out times

Automatically identify anyone that shared a room with someone positive
Reports how long they shared space (duration)

Quickly notify anyone that was exposed (possibly to quarantine)
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Simple Data Model
For Swipe IN/OUT Sensor
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Simple Data Model - For data collected by sensor

FLOORID

(optional)

ROOMID
(optional)

N N NN — =

USER_ID SWIPE TIME INOROUT |BUILDINGID
(NUMBER) (ORACLE DATE) (VARCHAR)
02/28/20 13:00:00 IN BUILDING 1
02/28/2014:00:00 OouT BUILDING 1
02/28/20 12:00:00 IN BUILDING 1
02/28/20 13:30:00 ouT BUILDING 1
02/28/2012:00:00 IN BUILDING 1
02/28/20 15:00:00 OouT BUILDING 1
USER_ID — Unique user id
SWIPE_TIME — Time of entry or exit
IN OR OUT - Identify row as entry or exit
BUILDING ID — Required - building id
FLOORID — Optional - floor id
ROOM ID - Optional - room id
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Swipe IN/OUT Contact Tracing
SQL API
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Swipe IN/OUT Contact Tracing SQL API - Available on every Oracle Database Edition

FUNCTION sdo_obj_tracing.get_all_swipe_io_durations (

user_id NUMBER,

start_time DATE,

end_time DATE,

track_table_name VARCHAR?Z,

user_id_column_name VARCHAR?Z,

building_id_column_name VARCHAR?Z,

floor_id_column_name VARCHAR2,

room_id_column_name VARCHAR?2, = T3ble name and column names as parameters
swipe_io_column_name VARCHAR?Z2,

time_column_name VARCHAR?2")

« Currently available by installing patch 31372664 — Works on database versions 18c, 19¢
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Swipe IN/OUT Contact Tracing
SQL Developer Demo
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= SELECT a.in user id,
a.out_user_id,
a.building id,
a.room id,

to_char{a.end time, 'DDMMYY HH24:MI:53")
round (a.duration/ed, 2)

WHEEE segment or_all = 'SEGMENT'
ORDER BY in user_ id, out_user_id, start_time;

to_char{a.start_time, "DDMMYY HH24:MI:535") as start_tim

m

as end time,

as duration in min

FROM TABLE (ado_ob]_ tracing.get_all swipe io durations (

user_id =» 1,

start_time => to date('280220 08:00:00", "DDMMYY
end_time => to date("280220 20:00:00", "DDMMYY
track table name =» '"gwipe_test_tabkle',

user_id column name =» 'user_id",

building id_ column name =» "building id",

floor id column name =» "floor_id', —— optional
room_id_column name => 'room_id", -- optional
swipe_ io_column_name => '"awipe_in out’',

time column_name => "time'}) = —— optional

HH24:MI:55'),
HH24:MI:35'),

ript Output X D'Query... x
&, ) & soL | Al Rows Fetched: 3in 0.133 seconds

{t IN_USER_ID |§} OUT_USER_ID |4} BUILDING_ID |{ ROOM_ID

it START_TIME it END_TIME

{t DURATION_IN_MIN

230220 13:00:00 250220 13:30:00
280220 1e:20:00 280220 16:40:00

30
20I = |Jser 2 had two occurrences

1 2BUILDING 1 ROOM 1

2 2BUILDING 1 ROOM 2
——

1 JBUILDING 1 ROOM 1
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Swipe IN/OUT API SQL Developer Demo - SEGMENT_OR_ALL="ALL

Find anyone that shared a room with user 1, between 8 am and 8 pm — Aggregate results of all occurrences

— Find anyone that shared

SELECT a.in_user id,
a.out_user_id,

to_char{a.start_time, 'DDMMYY HH24:MI:35") as start_time

to_char{a.end time, 'DOMMYY HH24:MI:535") as =nd time,

round {a.duration/e0,
a.num_contact_times

as duration in

FROM TABLE (sdo_obj_ tracing.get_all swipe_io durations

user_id
Start_time
end_time

track table name
user_id column name
building_id_column_name
floor_id column_name
room id column name
swipe_io column_ name
time_column name
WHERE segment or_all = '"ALL'

lr

to date('280220 0&:
to date('280220 20:
'swipe_test_table’,
"uger_id',
"puilding id-',
'floor_id",
'room_id',
'awipe_in_out',
'time')) a

OFDER BY in_user id, out_user id, start_time;

aa
aa

:00", "DOMMYY HH24:MI:55'),
:00", "DOMMYY HH24:MI:55"),

optional
optional

tOutput * | [ Query Result x

Eﬁ @ S0L | Al Rows Fetched: 2in 0.026 seconds

{& IN_USER_ID | OUT LSER ID it START TIME
1

EMD TIME

2 250220 13:00:00 2530220 1g:40:00
32830220 13:00:00 230220 14:00:00
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What is Proximity and Time Based
Contact Tracing
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Proximity and Time Based Contact Tracing (with GPS tracks)
What is it?

o| Find people that shared space at the same time] and report metrics like duration

« Example 1
- A hospital/company can ask employees to opt into collecting their position while at work

- If someone calls in sick, identify all employees that were within 6 feet of the sick person over the last week, and
how long were they in contact (i.e.. duration)

-|Duration is key reporting metric |

« Example 2:
- Sensors on ships collect GPS tracks over time
- Find ships that shared the same space at the same time, and how long did they share space (duration)

» Tracking data collects the position and time of moving objects.
*| Proximity and time based contact tracing can be performed on any tracking data. |
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Proximity and Time Based Contact Tracing

Proximity alone is not enough

« Match points that are 6 feet or less apart, and whose times coincide
« When matching two tracks, proximity checks are not enough
 Trach points must coincide in both proximity and time

Proximity alone — match example

@ o 5
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Proximity and time — no match example
08:14:50 08:14:55  08:15:30

08:15.00 081352 @ (] o—>

08:23:00 0823:33

08:22:00 08:22:30 08:24:01




Proximity and Time Based Contact Tracing
Time Tolerance

» For User 2 (in blue), find contacts within 6 feet and coincide in time.
» User 11is a potential candidate
« When contact matching User 11 point to User 2 |times almost never match exactly

» Time tolerance is a configurable parameter to consider contact matches

* For example, a 30 second time tolerance allows the first points of User 11 and User 2 to match

13:01:50 13:02:20 13:02:40

13:00:00 13:00:52 o ———O0——@—> User 11 Track
e ‘_/F\ N
W N :

-~ 13j02:30

13:00:28 13:01:00
| |

| Configurable Time Tolerance |

13:04:00

User 2 Track

17 Copyright © 2020, Oracle and/or its affiliates



! 3 i " ¥ 4 y 7 =
- w & 4 v 2 =

Proximity and Time Based Contact Matching -|Duration

 Duration accumulated for consecutive matching points

2 minute 40 second Duration 1 minute 48 second Duration
| | | |

|Configurable Chaining Tolerance — 60 second example |

| User 11
13:00:00 13:00:52 — ._._._._._._‘_.é
o~ A :
® 130130 2pP%30 22:01:00 | 220130  22:02:30

13:00:28 13:01:00

13:04:00
User 2
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Simple Data Model for Tracking Data
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USER_ID CAPTURE TIME POINT

(NUMBER) | (ORACLE DATE) (SDO_GEOMETRY) | (NUMBER) (NUMBER)
Optional Optional
1 02/28/2013:10:00 (-122.5678, 451234) 423.048611 0]
1 02/28/2013:10:30  (-122.5623, 451256) 423.048958 3
1 02/28/2013:11:00  (-122.5623, 45.1256) 423.048958 3
8 01/15/20 09:20:00 (-119.5698, 37.2468) 378.888889 45
8 01/15/20 09:20:25 (-119.5700, 37.2400) 378.889178 2
« USER_ID — Unique user identifier
« CAPTURE_TIME — Capture time of point
« POINT — Location of point

DATE_AS_NUMBER - Optional - Optimization, captured date as a normalized number
ACCURACY — Optional - Accuracy value to filter point to consider for matching
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Some Optimizations
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Optimizations

» Leverage Oracle native spatial indexing for scalable spatial searches

INSERT INTO user_sdo_geom_metadata (TRACK_TABLE', 'GEOM,,
SDO_DIM_ARRAY(SDO_DIM_ELEMENT('x’, -180, 180,.05), SDO_DIM_ELEMENT (X", -180, 180,.05)), 4326);

CREATE INDEX track_table_sidx ON track_table (geom) INDEXTYPE IS mdsys.spatial_index;

« Create ordinary index (local if table is partitioned on time)

CREATE INDEX user_id_idx ON track_data (user_id);
CREATE INDEX time_idx ON track_data (capture_time);

 Partition large tables by time

» Interleaved Attribute clustering on (capture_time, longitude, latitude) — This really helps performance!

22 Copyright © 2020, Oracle and/or its affiliates




DATE_AS_NUMBER (Optional) - Optimization
If set to NULL,

Oracle can perform date arithmetic

« SELECT to_date ('01-01-2020', 'MM-DD-YYYY") - to_date ('01-01-2019', 'MM-DD-YYYY") FROM dual;
« Result is 365, unit is in days

From my profiling, NUMBER arithmetic is about 2x faster

Tracking Table contains a DATE_AS_NUMBER column for faster date arithmetic

Value is the number of days to an established reference date older than all your tracking data

UPDATE tracking_data
SET date_as_number = (capture_time - to_date('01-01-2019', 'MM-DD-YYYY"));

COMMIT;
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Proximity and Time Based Contact Tracing
SQL API
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Contact Tracing SQL API - Available on every Oracle Database Edition

FUNCTION sdo_obj_tracing.get_all_durations (

user_id NUMBER,

start_time DATE,

end_time DATE,

distance NUMBER,

time_tolerance_in_sec NUMBER,

chaining_tolerance_in_sec NUMBER,

track_table_name VARCHAR?Z,

geom_column_name VARCHAR?Z,

user_id_column_name VARCHAR?Z,

time_column. name VARCHARZ. = T3ble name and column names as parameters
date_as_number_column_name VARCHAR?Z,

accuracy_column_name VARCHAR?Z,

accuracy_filter_value NUMBER,

must_match_columns SDO_STRING_ARRAY) «@mmm= For floor number and room number matching

« Currently available by installing patch 31372664 — Works on database versions 18c, 19¢
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Proximity and Time Based Contact Tracing
SQL Developer Demo
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Find Contacts For One User ID - SEGMENT_OR_ALL = ‘ALL’

Find user 23’s contacts, within 15 meters, coincident in both time and proximity
Exclude accuracy > 8, and only return users with contact duration greater than 5 minutes

Worksheet Query Builder
= --
—— Find :lu.l:ati:n of user 23 contacts, within 15 meters, coincident in both time and proximity (segment or all=ALL)

= SELECT a.in _user_id,
a.o0ut_user id,
round (a.durations/e0,2) duration_ in minutes,
to_char(a.start_time, "MM/DD/YY HH24:MI:55") start_time,
to_char(a.end time, "MM/DD/YY HH24:MI:55') end time,
a.num contact_times,

a.geom

FROM TAELE (sdo_cbj_tracing.get_all durations(user_ id =» 23,
start_time => to date('26-APR-2020 12.4%.51", 'DD-MON-YYYY HH24.MI,55'),
end time => to date('23-APR-2020 11.54.20', 'DD-MON-YYYY HH24.MI,55'),
distance =» 15,
time_tolerance_in sec => 5,
chaining_tolerance_in_ sec == 10,
track table name => 'track data w_accuracy',
geom_column name => "gecm',
user id column name =»> 'USEE_ID",
time column name =» 'capture date’,
date_as number column name =r 'date as number’,
accuracy column name =» 'accuracy',
accuracy filter walue => 2)) &

WHERE a.segment_or all = 'ALL’
AND a.duration/€0 > 5
OFDER BY a.in user id, a.out_user id, a.start_time;

.. 4

[ Query Result = |[} Query Result 1 = D-Query Result2 =
& 5 @) B 5oL | Al Rows Fetched: 2in 0.255 seconds

{t IN_USER_ID | {} OUT_USER_ID |{} DURATION_IN_MINUTES |{} START_TIME \{+ END_TIME |{ NUM_CONTACT_TIMES |GEOM
23 34 5.0304/27/20 10:18:00 04/28/20 11:08:29 13 [MDSYS.SDO_GEOMETRY]
23 35 5.304/28/20 11:03:54 04/28/20 11:09:12 1 [MDSYS.SDO_GEOMETRY]
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Find Contacts For One User ID - SEGMENT_OR_ALL = ‘SEGMENT’

Find user 23’s contacts, within 15 meters, coincident in both time and proximity

Exclude accuracy > 8

28

sheet Query Builder

T —
"'V’“{A'/i’,"/ Y

=

=l SELECT a.in_user id,
a.out_user id,
round (a.duration/60, 2)

_in minutes,
to _char(a.end time, "MM/DD/YY HH24:MI:35'")
a.geom

FROM TABLE (sdo_obj_tracing.get_all durations{user_id

start_time

end time

distance
time_tolerance_in sec
chaining tolerance_in_sec
geom_column_name
track_table name

user id column name

time column_ name
date_as_number_column name
accuracy_column name

to_char({a.start_time, 'MM/DD/YY HH24:MI:535") stz

—— Find duration of user 23 contacts, within J.IB meters, coincident in both time and proximity (segment or all=SEGMENT)

=» 23,

=> to date('26-RPFR-2020 12.45.51", 'DD-MON-YYYY HH24.MI,53"),
=> to date('23-APR-2020 11.54.20", 'DD-MON-YYYY HH24.MI,55"),
=» 15,

=> 5,

=>» 10,

=>»> 'geom',

=>» 'track data w_accuracy',

=» 'USER_ID",

=» 'capture_date”’,

=» 'date_as_number’,

=> 'accuracy',

accuracy_filter wvalue == 3)) &

WHERE a.segment_or_all = "SEGMENT®

ORDER BY a.in user id, a.out_user id, a.start_time;
wery Result x |[;>QL.|er5-I Result 1 X DQuery Result2 x

E Eﬂ @ SQL | All Rows Fetched: 14in 0.255 seconds

{} IN_USER_ID | {} OUT_USER_ID |{} DURATION_IN_MINUTES |{} START_TIME |{} END_TIME GEOM

1 23 34 104727720 10:18:00 04/27/20 10:19:00 [MD5YS5.5D0_ GEOMETERY]
2 23 34 004,27/20 10:22:01 04/27/20 10:22:01 [MDSYS.5D0_GEOMETEY]
3 23 34 1.0304/27/20 17:11:38 04/27/20 17:12:40 [MDSYS.5D0 GEOMETRY]
4 23 34 004/27/20 17:15:39 04/27/20 17:15:39% [MDSY5.5D0 GEOMETEY]
5 23 34 104/27/20 17:17:40 04/27/20 17:18:40 [MDSY5.5D0 GEOMETEY]
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Two Contact Tracing SQL APIs

* NO COST
« AUTOMATIC
- SCALABLE
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— Spatial Features included in Oracle Database License
— Automatically identifies contacts and reports duration
- Leverage native Oracle Database partitioning,
parallel query, attribute clustering, spatial indexing,
and more...
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Proximity and Time Based Contact Tracing
Map Visualization Component Demo
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& CcC ©® .com:8080/mapviewer/jslib/v2/tests/vectorlayers/trace_contact_v5.html
& da‘tg JrG & r Camp, =
AR / é;) 505 ¢ O'fsns(:g st N )
‘Ar,
Contact Trace Demo | « > ™ 88 % i o L4
v K4 0%@ Q’ g Chan, Hurley g4 2;\"'*5“.‘0
\! ) b () .“. Bant g rles. g 5o ..\v
Parameter Value g T e :'f" ’ ; it { V5 my ) E) f‘$
Input user to trace ] 7 | o orm e F
; 2 ) )
Distance (m) 15 | BN Aﬂ/ﬁf).l ) m
Contact time (sec) |5 | o & YY) )))*\‘}D
g e Fase, s
Chaining time (sec) [30 | b o *W\\\) Feature Info :
E . * d ) 1 P -
Start time 195/31/2029 12:00 AM U| 5 ﬁ)\\)) chiarles Riy LAYER NAME: Layer_interaction
: & L
End time les/e1/2021 12:00 an (] @ o)f 6 ¢ IN USER ID 7
Segment or All Segment v / @ @ \&g OUT_USER_ID 6 0 SRl e
[Submit P "5,- *~  DURATION_IN_MINUTES 65.03
R e 2 2 ..' 0575
vos Vector Layer List — START_TIME 05/31/20 19:44:20 (.@"Do :
Display contacted user |6 v S, -40: z o
15play 6 v El Ml cabe tayers . - END_TIME 05/31/20 20:49:22 &, p
== uul‘i Z
[¥] Layer_contacted_6 o0 o 0 _¢: ‘.) ~ ééi e
& Layer_interaction ® ‘
; Layer_source PN ® @ .\G «Q («
) A i\ -8
=z Y. ol ___'.,L[:t\’-_»_“ d’ © 2010 Oracle Corporation Terms Map data © 2018 HERE]
IN_USER OUT_USER DURATION (min) START END -
7 5 0.2 05/31/20 18:53:24 05/31/20 18:53:36
¢ 6 1.38 05/31/20 15:26:34 05/31/20 15:27:57
7 6 0.55 05/31/20 15:34:09 05/31/20 15:34:42
7 6 0.18 05/31/20 15:38:42 05/31/20 15:38:53
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Contact Tracing with APEX
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Thank you
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