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Overview of UDOT

» Centerline Miles by Type

» 935 miles of Interstate

» 2,945 miles of Level 1 (AADT>1,000)
» 1,985 miles of Level 2 (AADT<1,000)
» 5,865 miles total

» Speed Limits

> 13% @ 80 mph

» 35% @ 70mph or higher
» 60% @ 60mph or higher
» 82% @ 50mph or higher

90% Mortality @ 60mph
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Speed Limit

< 55 mph

60 or 65 mph

70 or 75 mph
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Project Goal

Goal: Improve safety within
construction work zones
through significant reduction in
traveler speed within the
boundary of Active Work Space.
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e Motorists:

o Increase the time available for a motorist to react
o Reduce stopping distances
o Allow more significant (recoverable) evasive maneuvers

 Workers:

o Greater time for workers to move out of the way
o Reduce the likelihood of severe injury
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Kloeden et al., 1997,2002 West and Dunn 1971

Speed Harmonization!!!
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~ PVSL Candidate Projects

* 4 lane divided / undivided roads

oNo experience with multi through lanes yet
* High Speed (50mph +)
* Example

o Resurfacing

o Slab Replacement

o Bridge Work

o Maintenance Work
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Patrol

System logs speed
changes & time of

Document location of

device

Noft tested in court 1o

date

o o

Requlatory Enforcement

Work with Highway

Device List
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‘Name
01 PVMS 02 #2361=4 (Aug 30)

- Y

01A Q1 Radar on PVMS 02 #3261 77 mph

> -
-

02 Q2 (Radar) #3565=2

> -
e

03 Q3 (Radar) #3566=3

73 mph

~

83 mph

04 PVSL 01 #3259 =6

> -
i

04A S1 on PVSL 01 (Radar) #325¢ 67 mph

-
-

05 PVSL 02 #3258=8

-
> h i
oo -

05A Radar S2 on PVSL 02 #3258- 65 mph
-> Sy ’

05V PVSL 2-Virtual

g5
IS
-
b

06 S3 (Radar) #3567=10

> -
-

50 mph

-~

Voltage
13.21V

MO0ZL N

©2016 Microsoft Corporation. ©2016 NAVTEQ. ©2016 Imaae courtesv of NASA
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SMRT System
A Marginally Smart Work Zone

e\We have done 12+ projects to date with PVSL
*No detection

eField crew remotely changes speeds per TEO
eThere is data collection

eBasically low or high
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SMRT- Success Stories
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US 40 DeCk Replocemerﬂ- Vehicle Speed Report
* Original Posted Speed = 65 mph

« Reduced Speed = 45mph m ]m*\m'ﬂmﬁWMH MWWWMM MMM

o Single drop a0 |
|
Mumber of data pointe . 70343
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SMRT - Success Stories
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*PVSL.: Where we are going?



USE OF VSL IN CONSTRUCTION ZONES

e, _
PVSL: Where we are going

* PVSL Sysfem
* Portable, Intelligent and Dynamic
* Multiple Devices (PVSL, Detectors, PVMS)
O
O
O
O

LIXOT
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ntegrated as one system

Dynamically posting speed limits, and

Traveler information messages

Operated by RE and Roadway Contractor (No TOC)
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PVSL Sym How we are gettlng there

LITETT L USE OF VSL IN CONSTRUCTION ZONES

* FHWA AID Grant o

Center for Acceleratlng Innovation—=

o Awarded December 2014

* System Planning & Design s s 5
o NTPJune 2015 .

O Kimley»)Horn aNnd avenue consultants

e Turn-key Solution Provider

o NTP May 2016
o Ver-Mac and Interstate Barricades
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- PVSL System: Con Ops

Systems Engineering Process

\ —— Operations and

Maintenance Plan

o) Validation Plan

System ) Acc(_eptance ) System |
S Con Op S Ph G S e Requirements Testing Plan ln:’:gr::gao: uannd |
High-Level Design Installation Subsystem '
o  Goals/Objectives/Performance Metrics A Cmcyshirl Spe=b Deployment ) £ ioge
. L equirements Plan and Verification
o  Operational Parameters and Limits 2 o .
o  Stakeholder Roles and Responsibilities Matrix e beston LA
o  Operational Scenarios Off-the-Shelf Procurement
o  Userand System Needs el g
Kimley»Horn

aAvenue coNSULTANTS
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Goals, Objectives and Performance Measures

(FIELD)

FIELD Safety  Safer for field

personnel

ZOrO |
@ ©

Fatalities °
A Goal We Can All Live With Ease of Ease of .
use deployment -
and .

operation

Limits exposure to workers for making VSL adjustments (i.e.,
limits need to go to each VSL)

Speed in work space

Speed compliance within the work space when field personnel
are present

Worker satisfaction

Time it takes to set up, adjust or shift the system in a work zone
Time it takes to learn how to operate the PVSL
Cost of the system (labor hours and renting devices).
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Goals, Objectlves and Performance Measures

(PUBLIC)

PUBLIC  Safety Safer for public

Public Posted speeds
trust comply with worker
activity

ZOrO

Fatalities

A Goal We Can All Live With

Increased and
reliable information

Easy to Easy for public to
use understand

Category |Goal _|Objective

Number of crashes
Customer satisfaction

All measurers below are measured within the work
space:

Speed compliance when workers are present.

% of drivers that encounter reduced speed limits
The length (distance) for which the speed is reduced
Delay (time it takes to transverse the work space) for
when a driver encounters reduced speed limits.

Travel time through the work space
Uptime of system

Speed variation
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Operational Scenarios

5 mile maximum work zone length

2miles

1000 feet | Y2 mile D:D=1000fect |

Scenario Template 2—initial set up | mmmssfet |
|

a1 Q2 a3 s1 52 S AWS 53

| l

A

speen | speen Location SPEED END
umIm umim uniT VARIABLE
SPEED
a @0

PVSL1 PVSL2

| AtBiA=3640fect | | >1 mile | 2 miles | DiD=1000fest
I | I I I I

a3 51 52 53 S AWS

|
[T ey el

=l WS Detectar '
speen | speen SPEED Location END
umIT umiT LMIT VARIABLE
SPEED
70 ZONE
PUSL1  PVSL2 PUSL3
| A+B+A=3640fest =1 mile 1 2 miles | | D+D=1000feet |
I 1 ] i
a3 s1 3 S AWS 52

I

[ TTTTTTITTTTTAeTtve wiorK seage 11T

-‘ I AWS Detector 1
speep | : SPEED Location SPEED END
umm usim umim VARIABLE

SPEED
70 70 Z0NE
PVIIS 1 PVSL1 PVSL3 PvsL2
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Operational Scenarios

5 mile maximum work zone length

Scenario Template 3—initial set up | e |eia 1mie | wemie | yemie | 1mike [ o10= to0otest |
T I I T I

a1 0z as s1 sz 53 SAWS 54 55

[T A eve

|
o
-

PvMs 1
Scenarlo Template 3_AWS move #1 | a+B:a=3640feet L | 1mile | 1 mile | Yzmile | yamile | 1 mile | |  D+D=1000fest [
1 1 T I I I T I

at az a3 51 3 54 SAWS 55 sz

.
o
[~

AWS Detector 1
spEED Location seeen seeD END.

L i urar VARIABLE

SPEED

m 70 70 ZOKE

PVMS1 PVsLA PVSLS PVSL2
Scenario Template 3—AWS move #2 _
| AsB+h=3esofest ) | 1 mile | 1 mile | _yomile | y2mie | 1 mile I 1 mile |  D:D=1000feet |

s s aws s s2 53

| |
SN

o—0—0

AWS Detector 1»
SPEED Lacation SPEED D
umarr VARIABLE
SPEED
20NE

PVSLS PVsLZ



USE OF VSL IN CONSTRUCTION ZONES

e,
PVSL System: RFP Development

Systems Engineering Process

' Operations and -
Maintenance Plan

V& /> =/ 4
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* RFP Development

o System Requirements
s Validation Plan —

o High-Level Design
o Industry Outreach oy T meions
o System Algorithms High-Level Design Installation Subsyst:m on' 4
o Measurement / Payment Logistics \_  Reirements ""ffa'ﬂ“'":"_"’ andVrcation
o Quantity Deployment Phases e Detailed Design UnitTestng
o Selection Criteria (Quals + cost) e s s :

* Turn-key Solution Provider selection st

Kimley»Horn

aAvenue coNSULTANTS
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VSL Subsystem Algorithm

4 VARIABLE SPEED LIMIT 20MNE
F 3 -,
]
-
i
=
1 > VA 5L = 453mph
g [Ouesse within TEE:?'.-E work space) +
= i
g (]
- LL2 ¥
o Speed =
a i g
L, | !
¥ LL3 NO e
& * SN <, < .. (TEC) High - Smph)
=
E " %ﬂ; YT — mﬂm BTN ) 4| fverage Speed (rounded dovwn to nearest 10mph] = Smph
£
Increasing wolume -
Il’ul-;?\rei'u'm'rl Vol = 7 weh/mim
Legend:
Average Speed « Caloulated Average Speed based on 1 minube speed Mmessurements in active work spate and reports as a rolling average Tor the
last 5 minubes of the manuies thal meet the volume threshold (single minutes thal do not mest the volume thieshold are thiosn ouf).
VEL 5L = Speed limit posted on VSL sign.
TED High = Reduced speed allowed by TED, typically “Original Posted Speed” or “Origingl Posted Speed = 10 MPH®.
TED Lovy = Thee kowest spesd limit allowed by TED.
Liovad Wiolume = Vial < 7 velu'min = Post st knowen WL 5L
Frequency of Spesd Limit Change = every 20 min wihen increasing speed
I bead oF Moy data is received from the detector st the cemter of the active work space, then V5L 5L = Last known 5L 5L
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Scenario 1 - AWS w/in 1 mile

TAPER, BUFFER ZONE & SIGMN SPACING CHART 1- TAPER LENGTH FORMULAS
: IAM
MINIMUM TAPER | LENGTH OF MIMIMUM SIGN CHE LANE SPEED FORMULA P
i \ v —
ROAD Psc"_,s_";_':_,:' LENGTHIL) BUFFER(BZ) SPACING (55) FLAGGING FOR SPEEDS OF 40 MEH ANO L JEE
TYFE MPH (5] [12FTLANE GLosL DESREANE A L] c o TAPER LENGTH FOR SPEEDS OF 45 MEH AND GREATER L= P ;
ET Fr FT FT FT FT FT ] [
0 AND LOWER 180 200 100 103 100 1}
= 50 r T L= TAFER LENGTH IN FEET CRUME OF DIRECT oNAL
- - B I * W= WIEITH 8 CERSET N PRET L IMDITATOR BARRICADE E
hid L B = BPEED N WPH AR DA R
COMVEMTIDNAL ; 3 AR i
! = 209 ¥ L=FOR SHOULDFA CLOSURE TAPER o
5 425 ¥ L= FOR LAWE SHIFT TARSR gy DIRECTION OF TRAFFE:
] 495 00 500 00 250 100 - P i 2
rm ™ 2 CHANNELIZING DEVIGES W FoRTASLE vILOETECTION TRALER p
- #)MERGING AND SHIFTING TAPERS: LEIE A MIMMLU OF - . - E
L) 845 1§ DEVCE PER FT OF LANE CLOSURE WIDTH, PLLIS E E;FT;I\:\%FM‘FF;’MNIN“ a
85 Ba5 Al AL DECE (?‘.IMI.
FREEWAY! _ — ) . PORTAILE VARIABLE MESSAGE SIGN
EXPRESSWAY L} i) 1000 | w640 | 2640 | 50D B SHOULDER, ONELANE TWIMVAY, AND ."O’i\-NHNL.lU TAPERS; [WMS| TRAILER WITH DETECTDR
= 7 220 UEE A MINIMUM OF 1 DEVICE PER 3 57 OF WIDTH | |
PRI THEREQF], PLUS § ADGITONAL DEVIZE 10 STAST, E
[T 510
] OM TANGENT, & 5 2= SFACING UF T 120 FT MAXIMUM, E |
[ 2 D
E I.IHIAI“I FRCM SREEND |
WORK CE, QR ANY END u e =
A, valapLe LI g |-
VARIABLE SPEED LIMIT (VSL) WORK ZONE TRAFFIC o XX = |:]%
CONTROL DEVICE PLACEMENT FOR LANE DROP WHEN = i "S % i
ACTIVE WORK SPACE |S WITHIN 1 MILE OF TAPER SEE NOTE 12, [ 5 |88
SEENOTES 3.7,8,11.13 o
o =
WO SPALE ETO W g I‘._j g
2 "\PER BUFFER | VARIEE | LEAWE 12 NHS 'UNU'- 1 é ] a
[CE) T ]
— — — — — — — - — =
I H B H @ B 0 g W B
B B A i A u END o3
oR e e et e AL WORK ]
u u u o THANA YOU Zz5
A E 5 ¥
EMAMPLE ONLY - NOT TO & r b BEE NOTE T, = %
SETUP TO BE S{TE 5P I i
< i
o =1
o o Ao o o ) i
o H |
3
SAEED LIVIT 8
1EIGH | Iwll 1 H = |3
TE 3 =2 E
TR
WORK ZOKE
FINES (OURLF b
FOR SSEEDING 1. USE THE PRE-CONSTRUCTION PSTED SPEED LIMIT PRIGR T 7, BEE TG40 SERIES 570 OWGS FOR 5K DESIGN AND LAYOLT, H
WO ZONE TO COMPUTE THE E/GNK EPACING ]
- Of BUFFER 20NE, AND WORK CLEAR ?L.NF nHIA‘n"F |.I‘4F ™ F 2, FINEE DOUBLE lﬂsi-ﬁm}ﬂ:\ﬂh‘[s DOVELE WITH FRE =1 <
PHASE 2 | KXXXXKXK LOWEST POSTED SPEED L|MT OLIRG WOPRK, A5 ARFACVED BY MOTIFIGATION (R3ze80) Bl GAS MAY BE USED INTERCHANGEABLY, i
HHARRAN WORK ZONE ENGINEER T DETEAMINE THE TANGENT SRACING FOR e -
- CHANNEL|Z|NG DEVICES, L, FLA 7] Wi Y {2 T A 1B
P SveTEN s couEL e f2iva o5 F R TR, v
GENERATED FOR SPECEING 2 REMOVE OR COVERL ALL STATE WORK ZOM= REDUCED S7FED FInE NOTIFIGA AT AL MRS e N H
MESSAGES MiY EXCEED 5600 LIMT ASSEWELIES AHD THE WORK ZONE REDUCED AND INTS Lt.:{,ilmr_,:_g \\1 THIN 'L R WHEN RESUCED =
- SPEED L |ur HE SERIES) S1CMS WHEN Ho o0 13 SPEEDS ANDIGH THE FINES COUBLE O INES DOLELE WITH E
CFTIOMAL W] EEFPT AS APPROWED B |r FInE WOTI ICAT Ion SKGRING CPTION [5 USED,
SEE NOTES 7, 8, % 00 NOT COVER PRE .mnr-aur_-nnu hOeTEn APEED =
||\-|T ASEEMELIES [RE2-1 10, STATE FURNISHED ITEMS ARE INGCLUDED ON SHEET 51, (=]
"}
5, ADC{TIOMAL SONE I WORK ZOME FOR ™. SIGN NOT USED WHEN avc.rlﬁ. WORK SWCE |5 WITHN 2000 T oF g
FLEMENTAL NGTIFI“.-‘-TIl:N OF THE WORK ZONE SFEED LIMITE, END HORD WORK SlGH o
&, PLACE ARROW WRDO\ O lnFﬁ WHEN AVAJLABLE, PLAC 12, PLACE END YARIABLE SPEE |J ::Il'll {RE2, |GH A DISTANCE O g
ARFCW BOARD I FIRET 7 [M THE CLOGED: LANE BETWEEN END ROAD WOHRK SIGN AND POSTED SPEED LIMIT SIGN el
WHEN KO ADEQLIATE %n:.; nFH I*' ANA|LARL WHEN n,(}::lﬂ_ WORK BPACE |ow|-' IN 2000 FT OF END ] =
WORK 5 -
5, UES BHOULDER TAFER WHEN ARROW BOART |8 PLACED ON 3
SHOLLOER, 13, DISPLAY SPEED LM NI UPON ATTIITY WTHIN THE z
WERK SAALE AND A% ASFROVED 8Y ENGINE LK,
6, USE BUFPLENENTAL LEFT SIDE BIGNING FOR HIGH-SFEED

" DIMIDED HIGHwAYS,

SEET KD,
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PVSL System: System Procurement

Systems Engineering Process

' Operations and
Maintenance Plan

) Validation Plan ‘ :
~ System

Acceptance
» System Development s TP oo e
> Submifial Reviews ]

o Hardware Fabrication s Detailed Design UnitTesting
o Algorithm Refinement ’ |
o Test Plan Development
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System Components

* Portable Variable Speed Limit Signs (PVSL)

o Trailer Mounted with variable speed digits
o White LEDs on black background (Regulatory)

* Portable variable message sign (PVYMS)

o Orange LEDs on black background (30° view angle)

» Speed Detection Trailers
o Trailer mounted
o K-Band Doppler Speed Radar
o Selected for ease/speed to deploy
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[
System Components

LIXOT
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* Portable Operator Control Device
o Laptop / Tablet/ Cell Phone

o Cell Service Reqg’d

 Communications
o Internet via cell phone network

* Power
o Solar system with 7-day batteries
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PVSL Trailers

LI X7

ANV ANAY Kecping Ltal Moving
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PVSL System: System Testing

Systems Engineering Process

' Operations and —
Maintenance Plan

s Validation Plan — A

* Testing & Verification

System

Acceptance
o Testbed Deployment Requrements . TsingPlan " Inagrationang
o Pass/Fail Accep’rc:.nce Testing il AN e N
- Hardware reqUIremenTS met? Requirements ;Ian X andVeﬂﬂcation_,
- Software requirements met? petaliedibesan it Teeleg;
- Integration/algorithms working? Off-the-Shelf Procurement |
Hardware Fabrication
Software Coding
Kimley»Horn
e avenue coNSULTANTS
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Software (Moblle)

JamLogic Mobile Actions

01 Q1 PVMS 01 #2360=1
13.25V

O 01A Q1 Radar on PVMS 01 #2360=1
ueue & W

02 Q2 (Radar) #3565=2
13.97 V

§®

03 Q3 (Radar) #3566=3
13.69V

04 PVSL 01 #3259 =6
13.21V

04A S1 on PVSL 01 (Radar) #3259=6
67 mph 13.23V

s B s §a

PVSL
| 4 4 | @
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File Edit View Tools Options Windows

o -1
»

s ¥
Folders * * Device List

; [l o-swz- ut-pvsLaws swz o1 4 TYPe

> [l 2017 Honeyvi
SEEEECEEL -— ——e—-m--——m—m—m———— = - Oj
Al First PVSL #8 (3258 "k Z
> ] 2017 Meadow I- > b (2258002 29

> o 9,

Elwood

. Mendon Pe

&)
e : : ),
b . VM ) Always First PVSL Sensor #8 (3258) : ==\

-’- /Y 4
> JJij voo : PVMS #4 (2361) TOPPEL Q

> o
N

Crystal Hot Springs @
PVMS #4 (3261) Sensor

sz D +
PVSL (2057) G - v
i mat Honeyville
PVSL (2057) Sensor o500 N
Task List o el /

PVSL (2064)

-> ->
s Bear
PVSL (2064) Sensor River City

-
-

Q2 Sensor #3 (3566)
> - Properties

Q3 Sensor (677) RadarDataloggerDevice Active Work Space (AWS) Sensor 667

©2017 Google - Map data ©2017 Tele Atlas, Imagery ©2017 TerraMetri

- -

4 Common
Name Active Work Space (AWS) Sensor 667
Status Ok
Last Communication 6/19/2017 3:36:02 PM
Description #i##{"circle":{"diameter":1}}
) Labels

English (United States) 0-SWZ - UT - PVSL QWS SWZ (2016-2017) Interstate I 3:36 PM (-06:00)
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Software
(Desktop)
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eee00 Verizon LTE 12:05 PM

< 0

jamlogic@jamlogic.com

Text Message
Today 11:59 AM

(Speed Change Alert) UT PVSL
2017 Meadow 1-15:

First Always UDOT PVSL Trailer 6
=70, PVSL #6 (3259) = 50, PVSL
#7 (3261) =70

Tap to Load Preview

svri.jamlogic.com

(O L S A

7 9@ 3} 71% =)

®

U
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[
System Alerts

e0e00 ATRT 4G 8:29 AM

( Messages 1(410) 100-038 Details

Text Message
Today 2:34 AM

10f 3
FRM:jamlogic@jamlogic.com
SUBJ:UT - PVSL QWS SWZ
(2016-2017) - 0OTA Q1R
MSG:Organization: UT - PVSL QWS
SWZ (2016-2017)

Path: \\0-SWZ -

(Con't 2 0f 3

UT - PVSL QWS SWZ
(2016-2017)\2016-08-04 WZ NB
1-15

Device: 01A Q1 Radar on PVMS 01
#2360=1

Alarm: No speed received
Status: In

(Con't) 3 of 3

Alarm

Since: 8/16/2016 2:34:07 AM

(End)

(O] Send

~ @ } 99% I

eec0C ATRT 4G 8:29 AM

¢ Messages 1(410)100-040

Text Message
Today 3:00 AM

FRM:jamlogic@jamlogic.com
SUBJ:UT - PVSL QWS SWZ
(2016-2017) Intersate
MSG:Slow traffic has extended
beyond Q1 for UDOT PVSL SWZ

7 © } 98%

Details

Send
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‘Project 1 Preliminary Results

RadarSpeed (MPH)

70

60

50 -

40 -

30 A

20 -

10 -

10:38 10:39 10:40 10:41 10:42 10:43 10:44 10:45 10:46 10:47 10:48 10:49 10:50 10:51 10:52 10:53 10:54 10:55 10:56 10:57 10:58
AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM AM
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Spot Speed Study

e Same timeframe
* 999% C.I.
* +/-2mph

* AVG =45.7 mph
« 85M% = 52 mph

USE OF VSL IN CONSTRUCTION ZONES

>w

v\“)

Speed Study \( “

{ G

| \ : ) e
Date 78 13-20(6 \ \ h,} )
Time from G B /
Time to 5P a N a9 W o
Location SBLA% X
Direction € / W8 / NB /@ S ——
Diagram

12 mle Ooon Sdeam fnn 45 |/SL-
Hoef ville 49 e [ rewonten,

9%

7. 2mph
40} 66,
a1 67
7 . 681(
alll i/ 69,
aall 70
asfl | [} 7
1L 72
47 73
asfit il 74
as|\Ld 75
) 76
51 77
52 D 78]
Bl 79
salf L -
ssl 81
g M 2
s7|( =
s8] 84
59 85
50 86
61 L
88
:; 89|
90
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Meadow 6/21/2017

— Qriginal Posted Speed
— AWS RadarSpeed (MPH)

=== PV/SL Trailer 6
= PV/SL Trailer 5

90

80

70

o o
Lo <

(ydw) psads

20

10

Nd 00:L
Nd 079
Nd 0¢Z:9
Nd 00:9
Nd 0¥:S
Nd 0¢2:G
Nd 00:S
Nd Oy
Nd 0¢'v
Nd 00V
Nd Ov:€
Nd 0¢:€
Nd 00:€
Nd 0v:¢
Nd 0¢:¢
Nd 00:¢
Nd Ov'T
Nd 0C'T
Nd 00T
Nd 0v:CT
Nd 02:¢T
Nd 00:¢T
WV OV TT
NV 02:TT
NV 00:TT
NV 0v:0T
WV 02:0T
WV 00:0T
NV 06
NV 0¢Z:6
NV 00:6
NV 0v:8
NV 0¢:8
NV 00:8
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PVSL System: Next Steps

Systems Engineering Process

' Operations and =
Maintenance Plan

e System Validation

o Year 1 Project 1 deployment e liation Pl ey £ R

Aatinn

*  Baseline data collection g, Sy — Testnan = ntraonang.
opbsens = erifiaion
o Full system deployment data High-Level Design Installation Subsystem
. and Subsystem =) Deployment = Integration
o Compute & compare with Requirements Pan and Verification
performo NnCce measurers Detailed Design Unit Testing
o Lessons learned workshop T |
gty
e Refine System Parameters "

* Repeat Validation Steps 3 more deploymen’rs
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Other Important Factors:

» Public Information:
o Communicate impact and duration
o 1.5 miles = 52 seconds
o Real time messages

* Challenges
o Getting the change made
* Go Automated
o Lag time (Cameraq)
o Supporting Litfigation
o Just because you can doesn’t
mean you should




Contact Information

Jos
UDOT
-

Yo

Projec

ura@u

Nua Van Jura
" Manager

tah.gov

(801) 231-8452
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LIMIT

65

HARLEYS DO THE

3 BEST YOU CAN

‘'SPEED

.




