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Building MAP Messages for Intersections

* Introduction to MAP Messages.

« UDOT's experience with MAP Messages.

* MAP Message creation tools and methodology.
*Lessons Learned.

* The need for MAP Guidance.

 Future Needs.
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What is a MAP Message

« SAE J2735 Standard

 Defines the data structure of a MAP message.
 Contains detailed information about an intersection or roadway.

* Approaches, Lanes, Lane Geometry, Lane Movements.
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How a MAP is Message Used

* Road Side Unit (RSU) broadcasts a MAP message using wireless
communications.

 MAP message is broadcast once per second by the RSU.

* An Onboard Unit (OBU) receives the MAP message and uses the
Intersection or roadway geometry contain in the message to
determine the venhicle’s location in the intersection or roadwaly.
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MAP Construction

* Inputs

* Intersection data (approaches, lane IDs, lane node points, lane widths, lane
movements, crosswalks, signal group IDs, etc.).

» Outputs

 Text/ASCII files which contain the intersection/roadway information (NMAP
file or JSON file).

 MAP message payload (binary file).
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MAP Message. ® Py Y ) Slide courtesy of

Dean Deeter, Athey
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Utah DOT Experiences with MAP Messages

» Over 300 Intersection MAP messages created to date

 Tools Used:

ESRI ArcMap

Microsoft Excel

In-house developed software

Utah Geographic Resource Center (6-inch resolution aerial imagery)
Field Surveys of intersections for Verification of MAP Message data.
« USDOT MAP Creation Tool (https://webapp.connectedvcs.com/isd)

» Challenges:

» J2735 standard can be difficult to understand.
 MAP message creation documentation was sparse.
« MAP message creation lacked guidance.
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https://webapp.connectedvcs.com/isd/

In the beginning...NMAP Files

« Multimodal Intelligent Traffic Signal System (MMITSS) required an NMAP file for
intersection geometry. The NMAP is used to create a MAP message.

» Create road intersection reference point and lane nodes in ArcMap using Google imagery.

« Export reference point and lane node data and coordinates (latitude, longitude) to a
Microsoft Excel worksheet.

» Add additional road intersection information to spreadsheet required for NMAP file format.
* In-house developed software reads the spreadsheet and creates the NMAP file.

» Validate the NMAP file by processing it with an NMAP Parser / Validation application.

* NMAP file is now ready to used by the MMITSS software.
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Creating intersection MAP
node points using ESRI
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NMAP File

B’ K:\Connected Vehicles - Snowplow Project\MAP Files\SR 208 (9000 South) Intersections\SR-209 Wasatch Blvd\SR-209WasatchBlvd.nmap - No... — O
Ejle Edit §earch View Encoding Langu‘age Settings Tools Macre Run Plugins Window 2 +

1 EERRe®| & @ 6 BB &

1 MAP Name SR-ZOSWasatchBlvd nmap

2 RSU ID SR-209WasatchBlvd

3 ‘IntersecticnID 7826

4 ~Intersecticn attributes 00110011 /#* elevaticn: Yes, lane width: Yes, Node data 1€ bits, node offset
soluticn: cm, geometry: Yes, navigaticn: Yes */

& Refe‘re_nce_point 40.5731727 -111.7985075 15920 /* lat, long, elevaticn (in decimeters) */

& No_2pproach 8

7 Approach 3

8 Approach type 1 /#* 1: ingress, 2: egress */

9 No_ lane 2

10 Lane Y

T ‘Lane ID 1

12 Lane Phase Number &

13 ‘Lane_type 1 /* 1 to 5, for this intersecticon all 1: motorized vehicle lane */
14 iiLane_a'tt;r‘ibutes 0000000000101010 /* Ingress, Straight, Right Turn, No U-Turn */
15 ‘Lane _width 305 /# in centimeters = 10 feet */
16 No_nodes 1€
7 1.1.1 40.5730599 -111.7983581
18 .1.1.2 40.5727316 -111.7980167
19 1.1.3 40.5724095 -111.797701&
200 .1.1.4 40.5722384 -111.7975251
21 .1.1.5 40.5721085 -111.7973407
2z 1.1.6 40.5719949 -111.79706&5
23 1.1.7 40.5719491 -111.79€7072
24  1.1.8 40.5719780 -111.79€3981
25 1.1.9 40.5720813 -111.7961011
2€ 1.1.10 40.5722157 -111.795894¢
27 1.1.11 40.5724857 -111.7954697
28  1.1.12 40.5726076 -111.7951129
z9  1.1.13 40.5726909 -111.7946877
30 1.1.14 40.5727196 -111.7943734
31 1.1.15 40.5727442 -111.7939175
32 .1.1.16 40.5727711 -111.7933772
33 No_Conn lane 2
34 8.1 3 /* Lane 1.1, Right Turn */
35 6.2 4 /* Lane 1.1, Straight */|

Normal text file length : 8,560 lines: 278

Ln:35 Col:33 Pos:1,216 Unix (LF) UTF-8

INS




Using the USDOT MAP Message Building Tool

* The USDOT Mapping Tool allowed MAP messages to be built
much faster than the ESRI ArcMap method.

* JSON file and binary file were created by the mapping tool.

* MAP message validation tool.
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USDOT MAP Tool

@ Connected Vehicles

CHILD AP
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JSON MAP
File

i IACV\Snowplow Project\MAP Files\SR 186 (Foothill Drive) Intersections\Foothill Bvd Sunnyside Ave\Standard - 32 Bit\FoothillBivdSunny...

=

X

File Edit Search View Encoding Language Settings Tools Macre Run Plugms Wmdow 2 + ¥ X
sHHERGA shRiae ayaxBRE(E1 EIERhus OE BB &
I FoothilBlvdSunnysideAve_MAP_Data_Standard json E3
1 %%{ A
2 = "maphacats {
3 "minutsSfThsYear®s 93033,
a "laverTyp=": "intersectionData”,
s = nintsrssctionGaomery a4
G %g "referencePoing™s {
7 “hescriptiveintsrsctionlams®: "FoothillBlvdSunnysidelve”,
8 mintersectionlD®r WFZign,
7] "megoount a1,
10 "masterlaneNidtits "335%;
11 "refersncslat®: 40.750770412497744,
12 "referencelon®s -111.83062100483599,
13 "referenceElevacion®s "143]17
14 - b,
15 NreferencePoincThiIda” i L),
i [ "yerifisd il
17 r 40.750770412497744,
18 -111.8305754072564,
19 Cionhs 1433w
20 ZTt": "40,750770412497744",
21 Lom™: "-111.83057540725864",
ZZ redElevation®s "T1431"
23 =
24 =
25
26 —
S "y "Ingress”,
25 ol 3 S
g [
W

AR )

3% FoUnlta
TH1
Wy

length : 47,443 lines: 1,413 tn:71 Col:50 Sel:93|3 Windows (CRLF}  UTF-8




MAP Message Creation Issues

* Intersections or roadways that are under construction.

* Aerial imagery that is out of date or of poor resolution.

* MAP message accuracy.
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Road Intersection under Construction
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Road Intersection under Construction

1187505 956
,Mmff&g*’oas SEGIN 450 TADER
. 1307616,00 $18460.83L7 6370
7 BEGH 451 TAFER ——\
156175 1iTel.13 T8 1450432.00 11840333 119-7'Z$ 12005405
| x LT 33006 LT 08 LY ‘379@'-‘ LT v LT85 15 Qu LT 13683
ditheran ¢ ; 3 o/
(* BUr 4000
5 2 © ~ o
2% = +on - - ‘i"—A—L‘ \ e - ~
alsh - - =~ - -
= 4 el . o / s s 0 «wﬂmue‘ 1IGI0LTRRDT VARSI LY 380
~PTSTA o usm s 2smacnd ) BEGN5.2:1 r.wen-\ NG 45 TAPER
‘L ,5 T
§
.19.“ |
TARER — Fsn— .
= TROEGANE ki A
- o ) . ' A
Tl Temmuan i Ao e , A i ‘t\ o —
3 £ARE) Pt {11 LANE) R - — — . P
o - N e, ,._ vm- (e e S —_ —_ - |
riom T cas C wme T Tl - =
Blseawe 2 ove — f—ycs"n'uzraa § {12 LANE) L S — — 2
= z ycsn e fe &£ N7LANE) {2 BUFFERL & T EEA £\ %
Sl rsmer—Grsn -"m—( 2 n CANE o S
£k 2 gl 8 gzskving UNIVERSITY PARKWAY] 2 3 s
P T | Wiy § I_HLI g e 2 N i N N IO M
= g awL 3 S e .. T ]
mor T K B ol = B (2 ) . SEEOT-SFA SERES, o L
5 . T, X = ot ——)
e[ LNEY ey & | £ o T TERBTATION RN {s-sm §
T Ly g e AL e Ay R f - -
=i PR g e e = S-vom = == -
L 2 : SR /p WL RTAASD (34 LANE] S
R T % 15 o 7 g;&:@m o 1| SIOULOET
N 7 E mmh‘n RESLND
|7 Langy LROSIWALK / ! 557 TAVER £
L s noRr 0 3 ; ] o - L .
g bk ::;“ o T = | PAVEMLKT MESSEGE [PRIFORMED THEARCR(ASTIC) (0 11 PRUHIAN \rmm(mmmm TREXASORANTIC) XELYD (CONTIRUED)
] FROM | 10 |
r?sm.m REMARKS t SEMAHES
m\.(ww.d—-f
AT AR
V130400 80 A1 T v 1 ARET AR |
115048 18 A3 AT Rz ] ARAGY 11591 30 |15 LT ARROW {
1334029 N4 AT DELY MN7ezs 47 LS AERT ARKOW
PP Sy | P temian mal ot em u et e i

SEESP4

TRWTEIE R 3450

\—mm TAPER

1200 D000 RT SR50
DEGIN 4%t TAFER

BNV fesmng Uah Moving

TRANSPORTATION TECHNOLCGY



Road Intersection under Construction
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L essons Learned

* Good informative documentation is a must. Much time was spent determining what needed
to be in the MAP message file: where information for the attribute bit field attributions could
be found; how many lane nodes should be created for each lane; and other “gotcha’s”.
Searching on the internet was done to obtain the above mentioned information along with
making phone calls to people. Better documentation could have solved these problems and

lessened the learning curve on how to create a MAP message.

 MAP message payload size is limited to approximately 1450 bytes. This size limitation issue
required the number of lane nodes to be kept at a minimum. Computed lanes should be
used to reduce the number of lane nodes. Node points for road curves can be challenging in
that they increase the number of nodes for the intersection or roadway.

« The manual workflow process has given insight into how the process could be sped up
using software to automate many of the tasks in creating MAP messages.

» Imagery for intersections under construction can be obtained from local drone imagery.
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CV PFS MAP Guidance Document

SRy i
-

» Accessing the MAP Guidance
 Original and all revisions available on the CV PFS

Website at:
e https://engineering.virginia.edu/cv-pfs-resources#accor
dion688161
Creation of a Guidance Document for MAP
Preparation
MAP GUIDANCE DOCUMENT

FINAL — Revision #2
February 2022

Prepared for:
The Connected Vehicle Pocled Fund Study
(University of Virginia Center for Transportation Studies

Prepared by:
Athey Creek Consultants, LLC and Synesis Partners, LLC



https://engineering.virginia.edu/cv-pfs-resources#accordion688161
https://engineering.virginia.edu/cv-pfs-resources#accordion688161

Structure of the MAP Guidance

Two up-front sections summarize the Guidance to
support readers through the document

1. Definition of 7 Steps to creating MAP messages
* Intended to support MAP Creators in each step
* Majority of Guidance isin Steps 1 & 3

e Steps indicated in header to guide user through the
document

Document Size — 103 pages

Number of Figures — 35

- Number of Guidance Statements — 62 Side courtesyof
i - ! . Dean Deeter, Athey

Creek Consultants

Step 1:
Assemble Data

Step 2:

Determine Verified Point
Marker

Step 3:
Place Nodes and Create MAP
Content

Step 4:
Visual Validation

Step 5:
Convert to J2735 Format

Step 6:
Load to RSU

Step 7:
Field Validation




Guidance #3.16
Guidance #3.17
Guidance #3.18
Guidance #3.19
Guidance #3.20
Guidance #3.22
Guidance #3.22
Guidance #3.23
Guidance #3.24
Guidance #3.25

Table 2: Usting of MAP Guidance by MAP Creation Step Node Spacing in Horizontal Curves

Node Placement for Through Lane Splits into Through Lane and Turn Lane
Non-Signatized intersections

Flyover Lanes

Parking Lanes

Node Offsets

Crosswalks

Tusning Lanes: Channelization and Traffic istands

Tusning Lanes: Egress Merge Lanes

Turning Lanes: Mid-Block Left-Turn Lanes

Step 1 — Assemble Data

Guidance #1.1
Guidance #1,2
Guidance #1.3
Guidance #1.4
Guidance #1.5
Guidance #1.6
Guidance #1.7
Guidance 1.8

Understanding of Minimum Required Elensents of the MAP Message
MAP Message and Intersection Revision Counters

Intersection Reference |dentification {ID): Road Reguiator iD
Intersection Reference |0: |atersection 10

intersection Geometry
Lane Width

Lane ID

Direction of Travel

Guidance #1.9 Connections Between Motor Vehicle Lanes Guidance §3.26 Turning Lanes: Two-Way, Left-Turm Lanes
Guidance #1,10 Crosswalk Lanes Lane Use Descriptions

Guidance #1.11 CONNECHIONS BETWEE 5100 kit it bbb et S S s SR

Guidance #1.12 Phase Numbering and Sign iations

Guidance #1.13
Guidance #1.14
Guidance #1.15
Guidance #1.16
Guidance #1.17

Step 2 — Determine Ve

Guidance #2.1
Guidance #2.2
Guidance #2.3

Step 3 — Place Nodes and Create MAP Content

Intersection Descriptors

Guidance #3.1
Guidance #3.2
Guidance #3.3
Guidance #3.4

Intersection Lane Geometry

Guidance #3.7
Guidance #3.8
Guidance #3.9
Guidance #3.10
Guidance #3.11
Guidance #3.12
Guidance #3.13
Guidance £#3.14
Guidance #3.15

Lane Use Variatians
Reference Point
Computed Lanes

Allowed Lane Maneuvers
Geodetic Reference Systen

ified Point Market

Selection of a Verified Poln
Precision of the Verified Pg
Determination 2nd Implen]

incrementing MA?P Messag
Intersection Reference 1D 3
Incrementing intersection
Reference Point

Lane Width

Ltane D

Node Polint Geometry and Attributes

Node Point Accuracy

Node Point Precision

First Node Point — Ingress Lane

First Node Point — Egress Lane

Length of ingress Lane
Length of Egress Lane

Node Spacing in Vertical Curves

Guidance #3.10
Guidance #3.11
Guidance #3.12

Node Point Precision
First Node Point — Ingress Lane
First Node Pgint — Egress Lane

Step 6 - Load to RSU

nections and Maneuvers — Motor Vehicle Lanes
[nections — Sidewalk Lanes to Crosswalk Lanes
F Mansuvers

rsections in Close Proximity

way — Multiple Signais Per Approach

d Streets with Parking Lanes

bssape Compieteness and Structure

fancc LG e Guidance §6.1 Load to RSU
Guidance #3.7 Lane ID S ASANNGE
Guidance #3.8 Node Point Gegmetry and Attributes| : “"'"‘ S
Guidance #3.9 Node Peint Accuracy Guidance #7.1 Eield Validation

Slide courtesy of
Dean Deeter, Athey
Creek Consultants

Guidance #3.13
Guidance #3.14
Guidance #3.15

Lengsh of Ingress Lane
Length of Egress Lane
Node Spacing in Vertical Curves




Future Needs

Best Practices Guide for creating MAP Data.
» Connect Vehicle Pooled Fund Study - Map Guidance Document.
* The MAP Guidance Document is used by contractors hired by UDOT to build intersection MAP messages.

Methodology for automating MAP Data messages / file creation.
+ Creating MAP messages is very labor intensive.

Validation of MAP Data Messages / files.
» Connect Vehicle Pooled Fund Study - Connected Intersection Message Monitoring System (CIMMS)

Up-to-date base maps and aerial imagery.

RTCM Corrections Message.
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