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Where Form Meets Function

Cyber Truck Challenge

« Students Gain Hands-on
Experience

* Knowledgeable Professionals
with Practical Knowledge

« Having Great Sponsors that Allow
Exploration

 cybertruckchallenge.org
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Presentation Overview

Studying Mis-Pull and Location

 Introduction

* Mission Analysis—Background on
Trucks and Trailing Equipment

« Stakeholder Needs Analysis

e System Requirements

 Trade-off Analysis

«  QOperational Feasibility Analysis

« -System Implementation on a
Prototype

« Verification and-Validation

« Recommendations and
Conclusions
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Introduction

Less-than-Truckload (LTL) Trucking Mis-pull and
Trailer Location
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Problem Overview

* Trucking companies, especially
less-than-truckload (LTL)
trucking companies switch
trailers often

 Traller to tractor ratio = 3:1
e Connect = Pull > Disconnect

« Selection of the wrong trailer is
called a mis-pull

.. Every mile of a.mis-pull is
unproductive,recostly and
wasteful

—_—— e
e e
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Previously Attempted Solutions for Trailer Identification

« Radio Frequency
ldentification Systems

— Read Rates are too low

o Stand Alone Trailer Locator
— Short Battery Life
— Solar mounts are unreliable
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Project V-Diagram

e - D

Business mission analysis
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Mission Analysis

Trucks and Trailing Equipment
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Less-Than-Truckload (LTL)
Tractor-trailer Combinations
* Allows multiple

destinations in one
dispatch

* Minimizes handling
 |ncreases capacity

 |ncreases
complication with
additional trailers
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Original Equipment Manufacturers (OEMs)

e The most common ) Daimler—Freightiiner and Westem Star
relationship between 40%
trucking and tractor
OEMs PACCAR—Peterbilt and Kenworth

: 30%
 The tractor contains

the most electronics
’ Volvo Truck—\/olvo.and Mack

* The tractor is the 17%
most expensive
rolling asset for an
LTL fleet 13%

Navistar—Intemational
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Architecture Inside Truck and Trailer

Traat’é’r Brake g .
Controller .“

SAE 1939 | se0 M8 | SAE J2497
TelematICS DeVICe ﬁbepi PLC4T’RUCKS
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Trailing Equipment Configuration

Jray SN .

Single Tractor- "Western" Double Triple Trailer

Semi Trailer Combination

© GRANITEFANZ43(DAVIDE.) |

https://www.flickr.com/photos/granitefan713/17198965979
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Technology Timeline

Regulation Regulation

Cell Phone
Location

PLC4TRUCKS Tracking

1986 2004
P

1997-8

Anti-Lock Brakes
Required on
Trailers

2019

Electronic Logging
Devices Required

Standard Standard

https://www.sae.org/publications/technical-papers/content/861069/
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Smarter Trailers

2023

Standard TBD
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Mission Analysis

Stakeholder Needs Analysis

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS

- = [
/& Sy
rl. .§. NN
18



Size and Scope

Less-than-truckload (LTL) market
segment grew 4.3 percent in 2022

LTL in US has $103 billion dollars
operational expenditures annually

The LLL‘/market has three million
tractors and.greater than nine million
trailers

15-20 July - 2023
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Fleet Needs Analysis

The primary stakeholders are the less-than-
truckload (LTL) carriers, and they need to:
Implement trailer tracking technology cost-
effectively across fleet
Decrease the probability of mis-pulls (pulling
the wrong,trailer) during operations
|mprove freight security
Improve operational processes. of:
|dentification
LLocation
Rescue ...
Better trailer utilization e R S A

BAgUEAE&biw=1536&bih=722&dpr=1.25#Ipg=cid:CglgAQ%3D%3D,ik: CAoSL
EFGMVFpcFBKSXJsY090ZmhHNDBtSndqWIJzcGItV2NFSXIXZmRfa2RNRVR
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System Over-arching Objectives

Location system for
frailers

Primary Objectives

Utilize existing tractor Identify specific
locating system trailer

Secondary
Objectives
Integrate with current
tractor tracking
components

Ensure compatibility Minimize additional Integrate with trailer Ensure compatiblity
with tractor TSP hardware communications with trailer OEM

Figure 3: Hierarchy of system objectives as articulated by the customer, an LTL freight company.
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Functional Flow Block Diagram

\ 2.0

'\ ——)[ Provide location information to user ] Maintain historical data

Second Level Functions

1.1 L = 1.3

Identify the tractor ID ]———y —)[ Compare ID combination ]

Third Level Functions

1.21 7 1.2.3

[ Request trailer serial number H Reply unique trailer serial number ]—)[ Broadcast trailer SN for telematics unit ]

Figure 4: Functional flow block diagram for the system showing three functional levels
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Trailer Location System Block Definition
Diagram
bdd Trailer Location Syste

Trailer Location
System

¢

1.7 1 1..5

Onboard
Telematics Truck-Tractor
Device

Trailing
Equipment
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ibd Trailer Locator

: Backend Service
Driver
Alert

Key I nfOrm atiOn Trailer

[dentifier

« Communications
SYSICINE

« Backend
Service

 Telematics
 Trailer
 Tractor
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Mission Analysis

System Requirements
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System Requirements

The system shall locate trailing equipment
within 10 meters of accuracy when connected
to a truck-tractor.

The system shall uniquely identify trailing
equipment automatically.

The system shall be able to communicate with
the transportation management system (TMS)
accessible by fleet operators.

The system shall work with existing fleet
hardware manufactured after March 1, 1998
that is compliant with NHTSA Safety Standard
121

Bendix® eTrac™ Automated
Air Pressure Transfer System
Automated air bag transfer system.

I SD-13-21021

Bendix® eTrac™ Contents

Pc. No. Bendix® Component

K082298
101845

278614 Double Check Valve

RV-3™ Pressure Reducing Valve

Bendix® brand ABS controller
R-12¢ (Premium or Advanced EC-60
Relay Valve designation or later)

},

= s &

\ Be RV-3™ Pressure
-~ Reducing Valve
e

RV-3™ Pressure

Bendix® DC-4° Reducing Valve FCS-9700™
Double Check Valve Solenoid Valve

https://www.bendixvrc.com/ecatalog/BW1114_US_010.pdf
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Mission Analysis

Operational Feasibility Analysis
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 Telematics service e TSPs will be able

providers (TSPs) are request and receive data
motivated by » . .
competition  All trailing equipment will
\ e can sE TSRS respond correctly over
to customize their the network
programming » All trailing equipment has
« Multiple brake control a unique identifier
modules use already available the
coordinated mandatory brake
communications
controller.

 Trailer data can be
attributed
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Motivation for Prototype Function

Competitive
Pressure

SAE J1939

SAE J2497

Brake Controller
Authentication and
System Check, sans

light ABS Brake Light
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Pictures of the Prototype
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for msg in rx _messages:
if msg[ 'dat a']["] == 254 and msg[ 'mid’'] == 137: #Data LinkR Escape

if msg[ 'data ][ ] == @xac ; ;;,' rom Brake wice
print(” ".j0in(["{ ‘. format(b) for b in msg[ mi ‘112:1]))

- . ABS Software [30/2019
02 11 66 . "
14 F4 95 Jana Humbes [m
14 01 FF : Tra;[er ECU kN o > B |
14 SE 93 '€ ( A”' P ¢

o A, Taller o

14 Example Network Traffic .' ** 3026 ECU ID ;3“5'

14 m m 6 - - : 4&

30 51 91 AF 00 0-1_464- w?:‘*f
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Mission Analysis

Design Definition
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act [Activity] Truck Trailer ID Check|[ Truck Trailer ID Check ]

Truck Brake Controller

Trailer Location System
Activity Diagram

Request for
Trailer ID

é

* Inspired by a proof- e R i
Req\i/est Truck
of-concept prototype .
» Used existing -
teChnOIOgleS On the J1939 Message

trucks and trailers

* Provided uniqueness
from the serial
number of the trailer
brake system
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Prototype Communications Assessment

Telematics Truck Trailing Multiple Brake
Request Communication Equipment trailing Controller
Responds equipment Checks in

prioritizes with ID
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Verification and Validation

Trailer Locating
System
Requirements

R1. Locate
Trailing
Equipment

R2. Identify
Trailing
Equipment

R3.
Communication
with TMS

R4. NHTSA
Compliant
Equipment

15-20 July - 2023

Verification Validation Results
Method Method

Demonstration Test Demonstration showed successful
capability, further test pending

Demonstration Test Demonstrated a successful test on one
brand of brake controller, future tests

pending on more equipment

combinations
Analysis Test Analysis shows integration is feasible,
testing is pending vendor software
implementation
Inspection  Demonstration Fleet inventory demonstrates
requirement satisfaction
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Conclusions

Continue Development
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Engage Telematics
Service Provider (TSP)
and Brake Controller
Manufacturers
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