Connected Intersections (CI)
Testing & Conformity Task Force

Wednesday, April 21 (03:30 PM — 5:30 PM EDT)
Virtual Meeting
TF - J. Parikh / C. Spindler
SME - R. Roebuck / M. Insignares



T&C Field Test

— Purpose / Objective
— Testing Approach
— Captured Message Format

— Message Capture, Analysis and Visualization
e SPaT/MAP Analysis & Summary Report
* MAP Message Visualization

— Next Steps
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Cl Field Verification — Purpose and Objective

— Purpose:

* Field verification/conformance of equipped intersections’ Over-The-
Air (OTA) broadcast of SPaT and MAP messages per CI
Implementation guide

— Objective:

* Verify structure of data frames and data elements defined for

SPaT/MAP for the Red-Light Violation Warning (RLVW) application
as per J2735

* Verify data values in SPaT/MAP are valid within limits as specified
In SAE J2735
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Why We Need Field Test?

— To test and verify installed connected intersection:

* As defined in Cl implementation guide document:
= per the SAE J2735 specification

= per the required data elements specified for SPaT and MAP messages
by the SPAT/MAP TF

= per the required position correction data specified by the Position TF
= digitally signed messages as per the Security TF
* Visualize received SPaT and MAP messages for visual
confirmation
* Analyze and corelate received SPaT and MAP messages:
» From the same intersection

» Message provides complete geographic map of the intersection
— all lanes are mapped
— mapped lane length confirms to the requirement

= Corelate intersection map with:
— signal grouping, maneuvers, required lane attributes, etc.
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Cl Test Environment for Field Verification
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Message Logging and Verification Using Test Tool

1. DSRC OBU-based device to capture and log OTA SPaT and MAP
messages

Logged messages are conformant with SAE J2735 ASN.1 in JavaScript Object
Notation (JSON) Encoding Rule (JER)

SPaT/MAP message log format — next slide

Message logging does not support C-V2X mode 4 Sidelink PC5 Interface

= However, if an agency can log messages in JSON as specified, it can be processed
using the analysis software

* At this time, RTCM position correction messages are not supported

2. CAMP in a different project, developed software to convert logged
PCAP file to JSON compliant message format
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Conversion software is being tested

Analysis and Verification Software

Based on logged message format

Logged message analysis software developed by CAMP to process and
generate a pass/fail report for verification

Generate SPaT and MAP messages in csv format for analysis and verification

Generate Google satellite view based detailed visualization of MAP message
for visual verification of intersection geometry
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Logged SPaT / MAP Message Payload in JSON

Unix Epoch in

. Message ID SPaT Message
Milliseconds 9 g

/ Payload in JSON

1614112834300,19,{"messageld":19,"value":{"intersections":[{"id":{"id":167},"revision":109,"status":"0000","moy":78493,"timeStamp":343
82,"states":[{"signalGroup":1,"state-time-speed":[{"eventState":"stop-And-
Remain","timing":{"minEndTime":24708,"maxEndTime":24708}}1},{"signalGroup":2,"state-time-speed":[{"eventState":"stop-And-
Remain”,"timing":{"minEndTime":24358,"maxEndTime":24358}}]},{"signalGroup":3,"state-time-speed":[{"eventState":"stop-And-
Remain","timing":{"minEndTime":24708,"maxEndTime":25178}}]},{"signalGroup":4,"state-time-speed":[{"eventState":"stop-And-
Remain”,"timing":{"minEndTime":24358,"maxEndTime":24358}}]},{"signalGroup":5,"state-time-speed":[{"eventState":"stop-And-

Remain”,"timing":{"minEndTime":24688,"maxEndTime":24688}}1}]}1}}'.0
\igned Message

Indicator

Unix Epoch in Message ID MAP Message

Milliseconds / Payload in JSON

1614112838845,18,'{"messageld":18,"value":{"msglssueRevision":0,"layerType":"intersectionData","layerID":1,"intersections":[{"id":{"id":167
}"revision™:1,"refPoint":{"lat":422297898,"long":-

837195685, "elevation":279},"laneWidth":306,"laneSet":[{"lanelD":3,"ingressApproach":1,"laneAttributes":{"directionalUse":"80","sharedWith"
:"1c80","laneType":{"vehicle":{"value":"01","length":8}}},"maneuvers":"a400","nodeList":{"nodes":[{"delta":{"node-XY3":{"x":-1420,"y":-

40511} {"delta":{"node-XY1":{"x":-38,"y":-1}}} {"delta":{"node-XY4":{"x":-3300,"y":-73}}},{"delta":{"node-XY5":{"x":-5585,"y":-

1471} {"delta™:{"node-XY6":{"x":-15423,"y":-365}}},{"delta":{"node-XY6":{"x":-13136,"y":-

38911}, "connectsTo":[{"connectingLane":{"lane":11,"maneuver":"8000"},"signalGroup":6}, ....
{"lanelD":15,"laneAttributes":{"directionalUse":"00","sharedWith":"0340","laneType":{"crosswalk":"c400"}},"maneuvers":"8000","nodeList":{"n
odes":[{"delta":{"node-XY3":{"x":-1064,"y":-881}}},{"delta":{"node-XY3":{"x":-
148,"y":1624}11{"lanelD":16,"laneAttributes":{"directionalUse":"00","sharedWith":"0340","laneType":{"crosswalk":"c400"}},"maneuvers":"80
00","nodeList":{"nodes":[{"delta":{"node-XY3":{"x":715,"y":-1380}}},{"delta":{"node-XY3":{"x":-1340,"y":-
4311{"lanelD":17,"laneAttributes":{"directionalUse":"00","sharedWith":"0340","laneType":{"crosswalk":"c400"}},"maneuvers":"8000","node
List":{"nodes":[{"delta":{"node-XY3":{"x":1193,"y":-751}}} {"delta":{"node-XY 3":{"x":-

72,"y". 16451111} {"lanelD":18,"laneAttributes":{"directionalUse":"00","sharedWith":"0340","lane Type":{"crosswalk":"c400"}},"maneuvers™:"800
0","nodeList":{"nodes":[{"deIta":{"node—XYB":{"x":—?10,"y":1239}}},{"de|ta":{"node—XY3":{"x":1398,"y":44}}}]}}]}]}}‘,0\
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Proposed Field Test Criteria

— Select up to 4 intersections for testing per agency:

® Select intersection type:
» Standard: 2 to 3 lanes, straight and turn movements

= Moderately complex: 3 to 4 lanes, straight and turn movements, turn
pockets

» Complex: Moderately complex plus combination of protected and
permissive movements, leading and lagging phase, actuated signal
operation, etc.

— Message Logging:
®* Log messages for up to 10 minutes in stationary condition to get up
to 5 complete cycles — Not required to drive through the intersection

* |f possible, conduct test during peak and off-peak time when
different time plans are in effect
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SPaT / MAP Message Capture, Analysis and Visualization

Log messages

Separate SPaT and MAP for processing
Process and generate analysis in CSV
Generate summary reports

SPaT/MAP

A

Generate Visualization

Step 5
MAP Visualization

Generate SPaT Analysis and
Summary Reports in CSV

Message Capture
in JSON
Gl
Test Vehicle
/ Step 2 L
1 Separate SPaT & -

Step MAP Messages SPaT in JSON
Log Message } Xy
Losé - #

Log SPaT / Processing
MAP Messages S/W #1
e S/W #1 & #2 — Python v3.9 %
e Visualization S/W — JavaScript —
with Google Map API MAP in JSON
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Step 4 N,

Generate MAP Analysis and
Summary Reports in CSV
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SPaT Analysis Report in CSV

— List of all required data elements (as per CI impl. guide)
— Message received timestamp for each message

— Computed time difference between:
® consecutive message received by the receiver (OBU)
® consecutive message generated by RSU (from controller SPaT
data)
®* message received time (OBU) and generated time (RSU)

— Computed Min / Max end time remaining in current phase
from time mark value for each signal group

Test Mame: SPaT Message
SPaT File: ./Field_Test_Data/AA_Test/20210223-201422-5PaT-0-155.json
Date & Time 2021/02/23 - 20:14:27.456 (UTC)

<<< START OF 5PaT MESSAGE >>>

epoch_T5_m epoch_UTC epoch_diff_r Msg_ID TS_MOY Intx_Name Intx_Reg_ID Inte_ID Msg_Rev Intx_Status_i Int MOY  Intx_TS_ms Inte_Time MSG_TS_Dif RX_Time_DilSig_Grp_1 Event_State_Sig_Phase_1 Start TM_1 Start_Time_ MinEnd_TM_MinEnd_Tim Min_ET_Ren
1.6141E+12 2021/02/23 100 19 NA NA NA 155 42 [1] 78467 27779 54d - 11:47:3 100 74 1 protected-M Prot-Green  NA 00:00.0 9174 (0:15:17.400 49.547
1.6141E+12 2021/02/23 102 19 NA NA NA 155 43 [1] 78467 27879 54d - 11:47:2 100 76 1 protected-M Prot-Green NA 00:00.0 9174 (:15:17.400 49.445
1.6141E+12 2021/02/23 99 19 NA NA NA 155 44 [1] 78467 27981 54d - 11:47:2 102 73 1 protected-M Prot-Green NA 00:00.0 9174 (:15:17.400 49.346
1.6141E+12 2021/02/23 98 19 NA NA NA 155 45 [1] 78467 28081 544 - 11:47:2 100 71 1 protected-M Prot-Green NA 00:00.0 9174 (:15:17.400 49.248
1.6141E+12 2021/02/23 103 19 NA NA NA 155 46 [1] 78467 28181 544 - 11:47:2 100 74 1 protected-M Prot-Green NA 00:00.0 9174 (:15:17.400 49.145
1.6141E+12 2021/02/23 98 19 NA NA NA 155 47 [1] 78467 28281 544 - 11:47:2 100 72 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 49.047
1.6141E+12 2021/02/23 100 19 NA NA NA 155 48 [1] 78467 28387 54d - 11:47:2 106 66 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.947
1.6141E+12 2021/02/23 102 19 NA NA NA 155 49 [1] 78467 28487 544 - 11:47:2 100 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.845
1.6141E+12 2021/02/23 99 19 NA NA NA 155 50 [1] 78467 28585 544 - 11:47:2 98 69 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.746
1.6141E+12 2021/02/23 100 19 NA NA NA 155 51 [1] 78467 28685 544 - 11:47:2 100 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.646
1.6141E+12 2021/02/23 101 19 NA NA NA 155 52 [1] 78467 28792 544 - 11:47:2 107 63 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.545
1.6141E+12 2021/02/23 100 19 NA NA NA 155 53 [1] 78467 28892 544 - 11:47:2 100 63 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.445
1.6141E+12 2021/02/23 98 19 NA NA NA 155 54 [1] 78467 28990 544 - 11:47:2 98 63 1 protected-M Prot-Green NA 00:00.0 9174 (0:15:17.400 48.347
1.6141E+12 2021/02/23 100 19 NA NA NA 155 55 1] 78467 29090 54d - 11:47:2 100 63 1 protected-M Prot-Green  NA 00:00.0 9174 0:15:17.400 48.247
1.6141E+12 2021/02/23 103 19 NA NA NA 155 56 1] 78467 29195 54d - 11:47:2 105 61 1 protected-M Prot-Green  NA 00:00.0 9174 0:15:17.400 48.144
1.6141E+12 2021/02/23 100 19 NA NA NA 155 57 1] 78467 29295 54d - 11:47:2 100 61 1 protected-M Prot-Green  NA 00:00.0 9174 0:15:17.400 48.044
1.6141E+12 2021/02/23 98 19 NA NA NA 155 58 [1] 78467 29388 54d - 11:47:2 53 66 1 protected-M Prot-Green NA 00:00.0 5174 0:15:17.400 47.946
1.6141E+12 2021/02/23 99 19 NA NA NA 155 59 [1] 78467 29488 54d - 11:47:2 100 65 1 protected-M Prot-Green NA 00:00.0 5174 0:15:17.400 47.847
1.6141E+12 2021/02/23 101 139 NA NA NA 155 60 [1] 78467 29578 54d - 11:47:2 30 76 1 protected-M Prot-Green NA 00:00.0 9174 0:15:17.400 47.746
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SPaT Analysis Summary Report

A B C 8] E F
Test Name: SPaT - Test Location:
SPaT File:  SPaT - 20210223-201422-5PaT-0-155_Summary_Report.csv
Date & Time 2021/02/23 - 20:14:27.456 (UTC)

SAE 12735 SPaT Data Frames and Elements
messageld=DE_DSRC_MessagelD=19 (SPaT UPER)
timeStamp=DE_MinuteOfTheYear
name=DE_DescriptiveName (only for debug)
intersections=DF_|IntersectionStatelist
name=DE_DescriptiveName (only for debug)
id=DF_IntersecticnReference|D
region=DE_RoadRegulatoriD
1d=DE_IntersectionlD
revision=0E_MsgCount
status=DE_IntersectionStatusObject
moy=DE_MinuteOfTheYear
timeStamp=DE_Dsecond
enabledLanes=DF_EnabledLanelist
states=DF_MovementList=1 to 255 x DF_MovementState
movementName=DE_DescriptiveMame (only for debug)
signalGroup=DE_SignalGrouplD
state-time-speed=DF_MovementEventList
eventState=DE_MovementPhaseState
timing=DF_TimeChangeDetails
startTime=DE_TimeMark
minEndTime=DE_TimeMark
maxEndTime=DE_TimeMark
likelyTime=DE_TimeMark
confidence=DE_TimelntervalConfidence
nextTime=DE_TimeMark

MNotes: Columns A-F SPaT objects as defined in SAE 12735

ColumnG M - Mandatery, O - Optional, er C - Conditional cbjects for SPaT as defined in 12735 specification

G

# of Msg:
#of Sig Grp:

M/O/C in
SAE 12735

DCoOOoOO0OEZTO0OO0OETEZTZTOZTOOO0OEETETOZSOSTOOS

H

2123 Test Time:
2 Sig Groups:

Pass/Fail

12735
Pass
Fail
Pass
Pass
Pass

Pass
Pass

Pass
Pass

Pass
Pass

Pass

M/Q/Cin €l
Impl - RLVW €I Impl RLVV

EEZENEZEZTEZEQEMNEZpgEEEEEZ T

(2B

J

0:15:09.058
[1,2]

Pass/Fail

Pass
Fail

Pass

Pass
Fail
Pass
Pass
Fail

Pass
Pass
Pass
Pass
Pass
Pass
Pass

Pass

Fail

Column H  Pass (present), Fail (absent) or -- (Mot Applicable) for the objects in SPaT messages as per column G
Column | M - Mandatory, O - Optional or C - Conditional objects for SPaT as defined in the Cl Implementation Guide for RLVW application
Column J Pass (present), Fail (absent) or -- (Not Applicable) for the objects in SPaT messages as per column |

Column K Invalid er incorrect data value for the object or the value is ouside the range as listed in columns L and M
Column L Walid lowest numeric data value as defined in 12735, Blank indicates - data frame or alphanumeric object
Coelumn M Valid highest numeric data value as defined in 12735, Blank indicates - data frame or alphanumeric object

Column N Remark
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Invaid Data Range Data Range Remark

Data Low

1]
ﬂ

oD oo oo

High
32767
5274040 Invalid or incorrect value

65535 Missing data
65535
127
65532 Invalid or incorrect value
5274040
65535
C-When revocable lane is active

255

36001 C-If available
36001
36001
36001
15
36001 Missing data

11



MAP Analysis Summary Report

A . . c o E 13 5 I 1 L3 L L] N
Test Name: MAP - Test Location:
MAS File:  MAP - 20210023-201422-MAP-0-B5_Summary_Report.csv #of Sig Grp: B Sig Groups: [1,2,3,4.5,6,7,8
Date & Time 2021-02-23 20:14:53.384 (UTC)
MOfCin  Pass/Fail M/OFCInG  Pass/Fail imaid  Data Range Data Range Remark
SAE J2735 MAP Data Frames and Elements SAE 12735 12735 wmpl - BLVA O RLVW Data Low High
‘messageld=0E_DSRCmsgiD=18 (MAP UPER] M Pass M Pass L 127
msgltsueRevision=DE_MsgCount L Pass M Pass L 127
- 1 to 32 X OF ™ M Pass
id=0F _imersectionReferencelD M Pass M Pass
region=DE_RosdRegulatonD Q - M Pass 65535
id=DE_intersectioniD M Pass M Pass L 65535
Fevision=DE_MsgCount M Pass M Pass @ 27
refPoint=DF_Position3D M Pass M Pass
lar=0E_Latnude M Pass M Pass. ~H00000000 0000001
eng=DE_Lorgitude L] Pass M Pass. 900000000 HO000000L
whevation=0E_Elevation o M Pass 4096 61439
lareWidth=0E_Lanewidth a M Pass o 32767
X to 9w 0¥ _ a - M Pass
typesDE_SpeedlimitType Clfincl)  Pass ™ Fass
speedsDE_Veloeity Clfiecl)  Pass M Pass [ 191
lareSet=0¢_LaneLists1 to 255 X OF_GenericLane M Pass M Fazs
lanelD=0E_Lanei M Pass M Pass [} 254 Oeunknawn, 258«future 12
laneAttributes=0F _LaneAttributes ] Fass M Fass
directionalUsesDE_LaneDirection ) Pass M Pass L 1
sharedWith=DE_LaneSharing M Pass M Pass
LaneType=DF_LaneTypeAttributes (revocable] L) Pass M Pass
maneuvers=0€_AllowedManeuvers a - M Pass o 4056 12 bits.
modelist=0F_WodeListXY=Choice of DF_NodeSetXY OR OF Cﬂnpulld.ulM Pass M Pass
nodes= DF_NodeSetxy=2 to 63 X DF_NodeXY Pass M Pass
delta=DF _NodeOffsetPointiy M Pass M Pass
node-XY1=0F_Node_XY_20b 0417 Pass  0A(L7) -
x=DE_Offset_B10 C{f node-X¥  Pass  C{if node-Xy - 512 511
y=DE_Offser_B10 C{if node-XY  Pass  C{if node-XY - 512 s
node-XY2=0F_Node XY_22b 0.1(L%) Pass s
w=DE_Offser_B11 Clif node-XY  Pass  C{if node-XY - -1024 1023
y=DE_Offser_B11 Clif node-XY  Pass  C{if node-XY " -1024 1023
node-XY3-0F_Node _X¥_24b oL Pass * s
w=DE_Offset_B12 C{f node-Xy  Pass  C{if node-XY - - 3048 2047
y=DE_Offsat_B12 C{f node-x¥  Pass il node-xv E -1048 2047
node-XY4=0F _Node XY_26b 0.1(1.%) Pass 0417
w=DE_Offset_B13 Clfpodexy  Pass  Clif nodexy - 40096 4095
y=DE_Offset_B13 C{H node-X¥  Pass  C{if nodeXy - 4096 4095
node-X¥S=0F_Node_X¥_28b 0112 Fass  04(1.")
w=DE_Offset_B14 Cd node-X¥  Pass € (if node-Xy - -8192 8192
y=DE_Offset_B14 C{d node-X¥  Pass € (if node-X¥ - -8192 8152
node-XYE=0F_Node XY _32b 0.1(1.%) Pass  04(1.%) .
w=DE_Offset_B16 C{f node-X¥  Pass  C{if node-X¥ - -3¥768 277
v=DE_Offset_B16 Clfroded¥  Pass  C{if nodexy
attributes=DF _NodeAttributeSetiy o Pass O -
datas0F | 1108 DF_L a - -
DF_LaneDatadttribute=Choice Q Pass  Clifdatalisi -
_Speedl ist=1to 9 X DF | - C{if data is i -
type=DE_SpeedlimitType Clifspeedln  Pass  Clif danaisi -
speed=DE_Velocity €M speedl - Clifdataisi -
dWidth=DE_Cffset_B10 o Pass  C{for differs -
dElevation=DE_Offse1_B10 o Pass  C(for differe e
computedDF_Computed Lane Q Fass  C{For compi =
referercelaneld=DE_LanelD Clif computs  Pass  C{For comp -
offsetXads=Chelce Clfcomputs  Pass  C(For comp -
senali=DE_DeivenLireOffsetsmall O2(LW  Pas  OF(H(Fors -
large=DE_DriverdineOifsetLange 02(L N0 Pass 07 (1) (Fars
offsat¥aseChoice Clf computi  Pass € {Far comm
smallDE_DeiventineOtsetsmall Q3L Fass  OB[Y(Fere -
large=DE_DrivenlineOffsetlarge 0.3(1.%) (if Pass OB (1) (Fory -
rotatex¥=DE_Angle o Pass O [Forcomp =
connectsTo=OF _ComnectsTolist=1 o 16 X OF_Connection o Pass M Fass
connectinglane=DF_Connectinglane C{dconnect  Pass M Fazs
lane=0€_LanelD Cldconnect  Pass M Pass
manewers=DE_AllowedMareuver a Pass O ..
signalGroup=DE_Signadtraupity o Pass M Pass

Hotes:
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Columes A-F MAP objects as defined in SAE 2735

Columa G M- Mandatory, O - Optionsl, or C - Conditional cbjects for MAP as defined in J2735 specification

Column B Pass (present), Fail [absent) or — (Mot Applicable] for the objects in MAP messages as per column G

Columnl M- Marsdatoey, O - Optional or C - Conditional ebjects for MAP a5 defired in the Ol Implementation Guide for RUVW application
Colume | Pass present), Fail (absent] cr - (Mot Applicable] for the objects In MAF messages 35 per caluma |

Columa X irvalid of incormect data value Tor the obiject or the valus |s ouside the range a5 listed in columes L and M

Colume L Valid lowest numeric data value as defined in J2735. Blank indicates - data frame or alphanumersc cbject
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MAP Message Visualization

r Fointjlocation
20:14:53.354 Satellite ]
Test Fi.le. 2021022

VYisualization Created: 2

Message Time Stamp (MOY): 0
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Next Steps

— Test and analysis tool, procedures and specifications to be
shared with agencies

— Compile information on testing and analysis for agencies
who wish to conduct self verification

— Develop template for validation / implementation guide /
lessons learned for agencies

— ITE project outcome can incorporate lessons learned from
bench/lab and Ann Arbor field tests

— Verification subcommittee weekly meetings
e Status and Q&A with agencies
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Questions
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