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A trailer based collision Warning system includes one or 
COIIfISPOHdfIHCfI AddreSSI more side object detection sensors, one or more backup 
SCHWEGMAN, LUNDBERG, WOESSNER & assist sensors, a driver vehicle interface, and trailer-mounted 
KLUTH, P-A- display units operating essentially independent of the tractor 
P-O- BOX 2938 With all detection and Warning system equipment mounted 
MINNEAPOLIS’ MN 55402'0938 (Us) on the trailer. The trailer based collision Warning system is 

_ _ coupled to industry-standard tractor to trailer Wiring to 
(73) Asslgnee: Aura Technologles Incorporated provide the trailer With poWer and signals such as left turn 

_ indication and right turn indication. The side and rear 
(21) Appl' NO" 11/176’069 sensors detect the presence and location of objects and 

. _ transfer this information to a driver vehicle interface device 
(22) Flled' Jul' 7’ 2005 located on the trailer. The system can also be equipped With 

Related US Application Data video cameras With a means of automatically ‘activating the 
camera in the area Where a haZard condition has been 

(63) Continuation of application NO_ 10/056,640, ?led on detected. The driver vehicle interface determines the nature 
Jan 25, 2002, HOW Pat NO_ 6,933,831 of the information and/or Warning needed by ‘the driver and 

provides this information in the form of signals sent to 
Publication Classi?cation displays that can to assist the driver in safely maneuvering 

the trailer. The collision Warning system can also operate in 
(51) Int. Cl.7 ................................................... .. G08B 21/00 a security mode 
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TRAILER BASED COLLISION WARNING SYSTEM 
AND METHOD 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/056,640, ?led Jan. 25, 2002, Which is 
incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates generally to sensor 
based systems, and more particularly to a vehicle mounted 
collision avoidance system, Which Warns drivers of potential 
collisions. 

BACKGROUND OF THE INVENTION 

[0003] High traf?c loads ?ll today’s roads and highWays 
With a Wide variety of vehicle types. Maintaining vehicle 
safety on these roads is of paramount importance. TWo 
particular problems in maintaining safety is the siZe differ 
entials among the Wide variety of vehicle types and the poor 
visibility drivers experience due to the inherent design of the 
larger vehicles. Motorcycles and passenger vehicles are 
much smaller than the trucks that use the same roads. Large 
trucks have signi?cant blind spots in Which they cannot see 
other vehicles. Attempts have been made to educate the 
public on the NO-ZONE of blinds spots around a large truck. 
Regardless, accidents often occur during the operation of 
large trucks on rural and urban roads. Providing large trucks 
With collision Warning systems has the potential of greatly 
reducing accidents, injuries, and deaths. 

[0004] Sonar Safety Systems of Santa Fe Springs, Calif. 
has a rear-mounted ultrasonic sensor system that detects 
objects behind the vehicle While backing up. Objects are 
detected Within three distance Zones from the rear of the 
vehicle. When an object is detected in one of the Zones, 
audible and visual feedback is provided to the driver. The 
detection Zones generally cover areas Within ten (10) feet of 
the rear of the vehicle. This system is limited in that it is 
designed for single chassis vehicles up to and including 
commercial straight trucks. It requires the processing unit 
and display to be inside the cab of the vehicle. It does not 
address the needs of combination tractor trailer rigs and does 
not provide any side collision Warning capability. 

[0005] Transportation Safety Technologies of Indianapo 
lis, Ind. has an ultrasonic sensor system that is designed to 
incorporate up to seven sensors to monitor the areas on the 
sides and rear of a vehicle. In the case of a combination 
tractor trailer rig, it can monitor the sides of a tractor, the 
sides of trailers, and the rear of a trailer. Driver feedback is 
provided through a Driver Alert Module located in the cab 
of the vehicle. This system has limitations in that it is limited 
to a maXimum of seven sensors and the tractor and trailer 
both need to be equipped With the Transportation Safety 
Technologies product. If the tractor is so equipped and the 
trailer is not, the system is limited to monitor the blind spots 
on the sides of the tractor With no protection around the 
trailer. If the trailer is equipped With this system and the 
tractor is not, the trailer sensors are useless since they rely 
on the Driver Alert Module in the tractor of the combination 
tractor-trailer rig. In this case there is no collision Warning 
detection at all. 

[0006] The combination tractor-trailer rig presents a 
unique set of problems not previously addressed by manu 
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facturers of collision Warning systems. These problems 
include the folloWing: (a) previous collision Warning sys 
tems required electronic devices and feedback mechanisms 
to be installed on or in the tractor, (b) the company that 
provides the tractor is often different from the company that 
oWns the trailer, (c) there are three times as many trailers in 
the marketplace as there are tractors, and (d) one tractor may 
pull many different trailers during the course of a day, Week, 
month, or year. In cases Where a tractor is equipped With a 
collision Warning system, in most cases that tractor is not 
pulling a trailer equipped With a collision Warning system. In 
cases Where a trailer ?eet oWner is interested in implement 
ing collision Warning on their trailers, they can’t be assured 
that the independent oWner-operators that they hire to pull 
the company’s trailers Will be using tractors equipped With 
a collision Warning system. 

[0007] Trailers are equipped With brake lights to Warn 
vehicles traveling in close proximity behind the trailer that 
the trailer is sloWing doWn. HoWever, truck drivers often use 
the engine and transmission to sloW doWn the vehicle 
Without activation of the brakes. This takes aWay the bene?ts 
of brake lights as a visual Warning for drivers of other 
vehicles. Ameans is needed to Warn drivers of other vehicles 
that the trailer is sloWing doWn. 

[0008] Tandem trailers (i.e. tWo trailers pulled behind a 
single tractor) also present a unique set of problems. To-date 
there has not been a collision Warning solution for tandem 
trailers. A trailer-based collision Warning system needs to 
address this unique set of needs. 

[0009] Since the rear of trailers, and to a lesser eXtent the 
sides of the trailer, present a major blind spot to the driver, 
improvements in combination tractor-trailer safety Will be 
limited unless a means is found to provide automatic haZard 
detection and collision Warning on the trailer independent of 
the tractor pulling the trailer and to provide a means of 
communicating visual alarms, audible alarms, and video 
information to the driver. 

[0010] Another trailer issue that requires attention is the 
theft of goods and the hijacking of trailers. A means is 
needed to detect unauthoriZed access to a trailer and unau 
thoriZed access to ?uids stored in tankers. In addition there 
is a need to detect hijacking of trailers. In addition to the 
need to detect these security violations there needs to be a 
means of scaring aWay the thieves and/or providing an alert 
to police or the trailer ?eet oWner. 

SUMMARY OF THE INVENTION 

[0011] The present invention includes a system that over 
comes the previously described problem by providing an 
independent self-contained collision Warning system on a 
trailer. Atrailer based collision Warning system includes side 
object detection sensors, backup assist sensors, a driver 
vehicle interface, and a trailer side display. The trailer based 
collision Warning system operates essentially independent of 
the tractor With all essential system equipment mounted on 
the trailer. Most trailers on the market today contain a 
seven-Wire cable that plugs into the tractor. This cable 
generally includes poWer, turn signal indicators, and running 
light/marker light/brake light poWer. NeWer systems are 
equipped With nine or more Wires including a data bus 
interconnecting the tractor and trailer. The trailer based 
collision Warning system uses the poWer and turn signal 
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indicators. The system can incorporate data from future 
vehicle data bus structures. The side and rear sensors detect 
the presence of an object that could result in a collision, and 
provide this information to the driver vehicle interface. The 
driver vehicle interface determines the level of Warning 
necessary, and provides signals to the displays, Which pro 
vides a Warning indication to the driver of a possible 
collision haZard. 

[0012] In another embodiment of the present invention, 
visual Warning is provided regarding side object and/or rear 
object detection including activating a display in a set 
pattern that is visible through the side vieW mirrors. The 
display includes an array of lights Whose pattern of activa 
tion provides proximity haZard information. The display 
includes information regarding status, object range, and 
object direction, distinguishing side object detection, and 
rear object detection. 

[0013] In another embodiment of the present invention, 
information signals are superimposed on existing battery 
poWer Wires providing signals for audible use by external 
systems. The information signals are superimposed on the 
battery Wire providing access by an audio device adapted for 
use in a vehicle cigarette lighter outlet or a vehicle auxiliary 
poWer outlet. 

[0014] In another embodiment of the present invention, 
information signals for external audible use are transmitted 
using Wireless technology. The information signals contain 
information provided by object detection sensors. 

[0015] In another embodiment of the present invention, a 
portable audio receiver is adapted to receive audio signals 
superimposed on the battery Wire. The portable audio 
receiver is further adapted for use With a tractor cigarette 
lighter outlet or vehicle auxiliary poWer outlet, generally 
associated With the tractor pulling the trailer. The loW cost 
and portability of the portable audio receiver make it prac 
tical to provide for each tractor hired to pull the trailer. 

[0016] In another embodiment of the present invention, 
information signals are superimposed on the battery Wire 
providing signals for audible and visual feedback by exter 
nal systems mounted in the cab of the vehicle. In another 
embodiment of the present invention, signals are transmitted 
by Wireless technology for audible and visual feedback by 
external systems mounted in the cab of the vehicle. 

[0017] In another embodiment of the present invention, at 
least one sensor is mounted on an axle or hub on a trailer for 

detecting direction of motion. The direction information is 
supplied to a driver vehicle interface for processing. Based 
on the driver vehicle interface processing, signals are pro 
vided to one or more displays. 

[0018] In another embodiment of the present invention, a 
method for recording data pertinent to driver performance, 
vehicle condition, and/or data pertinent to a collision 
includes recording vehicle status and collision Warning 
sensor data, associating a time With the data, and providing 
a “record stop” signal that can be activated as a result of a 
collision. 

[0019] In another embodiment of the present invention, a 
Wireless communications system includes a processor, 
memory, a transmitter, and a receiver. The transmitter sends 
status information related to the trailer to a land-based 
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terminal for access by the trailer ?eet oWner. The receiver 
accepts commands from the land-based terminal to request 
the Wireless communications system and/or the collision 
Warning system to take speci?c pre-programmed actions. 

[0020] In another embodiment of the present invention, a 
means for providing trailer security includes apparatus and/ 
or softWare for activating a security mode, activating colli 
sion Warning sensors (representing one or more technolo 
gies) to detect motion of the trailer or motion of objects in 
vicinity of the trailer, detecting the opening of trailer doors, 
and/or detecting the opening of valves on a tanker. If a 
security violation is detected, a security audible alarm is 
sounded and/or a message is sent over the Wireless commu 
nication system to provide Warning of a security violation in 
process. 

[0021] In another embodiment of the present invention, a 
driver vehicle interface is con?gured on each of tWo trailers 
coupled as tandem trailers being pulled by a single tractor. 
Each driver vehicle interface is coupled to sensors providing 
side object detection (on both trailers) and/or sensors pro 
viding rear object detection (only required on rear-most 
trailer). The tWo driver vehicle interfaces are coupled 
together to provide status information externally by activat 
ing a display in an appropriate manner based on the status 
information. 

[0022] In another embodiment of the present invention, a 
set of video cameras are used to monitor areas to the sides 
and rear of the trailer. The video cameras are connected to 
the collision Warning system and to a video sWitch With a 
Wireless link to the cab of a tractor. The video sWitch is 
controlled by the collision Warning system to activate the 
video camera in the area of a detected haZard condition. 

[0023] In another embodiment of the present invention, 
the trailer-based system detects that the trailer is sloWing 
doWn and the system automatically activates the trailer 
brake lights. This is necessary because tractors often use the 
engine and transmission to sloW doWn the vehicle Without 
activation of the brake. This presents a haZardous condition 
for vehicles driving in close proximity to the rear of the 
trailer resulting in them running into the back of the trailer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a block diagram of a trailer based 
collision Warning system depicting elements of the trailer 
Warning system, in accordance With the present invention. 

[0025] FIG. 2 depicts the mounting of a trailer based 
collision Warning system on a trailer essentially independent 
of a tractor to Which the trailer is coupled, in accordance 
With the present invention. 

[0026] FIG. 3 is a block diagram of a sensor control unit 
depicting elements for controlling sensors, signal process 
ing, data communications, and for voltage regulation. 
[0027] FIG. 4 depicts a vieW of the left side of a tractor 
trailer indicating the mounting of a display on the left side 
of the trailer in relation to the left side-vieW mirror of the 
tractor, in accordance With the present invention. 

[0028] FIG. 5 depicts a vieW of a trailer mounted display, 
in accordance With the present invention. 

[0029] FIG. 6 depicts a trailer mounted display having six 
LEDs mounted on a vertical strip, in accordance With the 
present invention. 
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[0030] FIG. 7 depicts a block diagram for a trailer based 
collision Warning system having information signals super 
imposed on eXisting tractor-trailer Wiring for providing 
signals for audible use by external systems, in accordance 
With the present invention. 

[0031] FIG. 8 depicts a portable audio receiver system for 
receiving Warnings from a trailer based collision Warning 
system, in accordance With the present invention. 

[0032] FIG. 9 depicts a trailer based collision Warning 
system having information signals for audible use generated 
by a data transceiver in a trailer and received in the tractor, 
in accordance With the present invention. 

[0033] FIG. 10 depicts a portable audible driver feedback 
device for receiving Warnings from a trailer based collision 
Warning system, in accordance With the present invention. 

[0034] FIG. 11 depicts a reverse sensor mounted on an 
aXle of a trailer for detecting direction of motion, in accor 
dance With the present invention. 

[0035] FIG. 12 depicts a black boX recorder used in 
conjunction With a trailer based collision Warning system, in 
accordance With the present invention. 

[0036] FIG. 13 depicts a Wireless communication system 
used in conjunction With a trailer based collision Warning 
system, in accordance With the present invention. 

[0037] FIG. 14 depicts a block diagram of elements for a 
trailer based security alarm system. 

[0038] FIG. 15 depicts a truck having a tractor coupled to 
tWo trailers With a trailer based collision Warning system 
mounted on each trailer, in accordance With the present 
invention. 

[0039] FIG. 16 depicts the elements for detection that a 
trailer is sloWing doWn and for automatic activation of the 
trailer’s brake lights, in accordance With the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings, Which form a part hereof, and in Which is shoWn 
by Way of illustration speci?c preferred embodiments in 
Which the invention may be practiced. In the draWings, like 
numerals describe substantially similar components 
throughout the several vieWs. These embodiments are 
described in suf?cient detail to enable those skilled in the art 
to practice the invention, and it is to be understood that other 
embodiments may be utiliZed and that logical, mechanical 
and electrical changes may be made Without departing from 
the spirit and scope of the present inventions. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense, and the scope of the present invention is de?ned only 
by the appended claims and their equivalents. 

[0041] FIG. 1 shoWs a block diagram for the functional 
units of a trailer based collision Warning system 10. In an 
embodiment of the present invention, objects are detected on 
the tWo sides and rear of the trailer using right side sensor 
control unit 120, left side sensor control unit 130, and rear 
sensor control unit 140. These sensor control units commu 
nicate the detection results to a driver vehicle interface 
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(hereafter DVI) 100 that controls one or tWo display units 
160 that communicate visual and audio information to the 
driver or to an input/output interface 110 that sends infor 
mation to other devices eXternal to the collision Warning 
system 10. The sensor control units 120, 130, 140 control a 
plurality of sensors, as Will be discussed in further detail 
beloW. DVI 100 includes an input/output unit 110 that 
receives poWer and signals, as Well as providing output 
signals. DVI 100 is coupled to tractor electrical signals 115 
by cable 252 to receive such signals as turn signals, battery 
poWer, brake light controls, and other lighting controls. 
Advantageously, the trailer based collision Warning system 
essentially operates independent of the tractor With all 
essential equipment that is comprised in the trailer based 
collision Warning system 10 mounted on the trailer. Though 
DVI 100 receives poWer and signals from outside the tractor, 
no signi?cant modi?cation to the tractor needs to be imple 
mented for mounting and using the trailer based collision 
Warning system. The poWer and signals to DVI 100 use 
eXisting standardiZed cabling, Which alloWs any trailer hav 
ing a trailer based collision Warning system to be used With 
any corresponding tractor that adheres to the standards set 
for coupling a tractor and a trailer. Further, display unit 160, 
Which is mounted to the trailer, communicates haZard infor 
mation to a driver Without the need for additional Wiring 
betWeen the tractor and trailer. 

[0042] FIG. 1 also depicts the optional feature of mount 
ing multiple video cameras, such as right side video camera 
190, left side video camera 170, and rear video camera 180, 
around the periphery of the trailer as a means of giving the 
driver a “visual picture” of the area in Which a haZard 
condition eXists. A video sWitch 150 is controlled by DVI 
100 to select a video camera based on detection of a haZard 
condition in a particular area around the trailer. Signals from 
the selected camera are converted to Wireless form to be 
transmitted to the tractor for display to a driver using a 
Wireless transmitter 155 Within the video sWitch 150. 

[0043] FIG. 2 depicts the mounting of the trailer based 
collision Warning system 10 to a trailer 250. DVI 100 is 
coupled to the standard seven Wire cable 252 With lines 210 
for receiving poWer and signals, such as turn signals, battery 
poWer, brake light controls, and other lighting controls. DVI 
100 is also coupled to the sensor control units using a daisy 
chain bus system 280, providing netWorking of information. 
The right side sensor control unit 120, left side sensor 
control unit 130, and rear sensor control unit 140, all of FIG. 
1, control a plurality of sensors. Sensor control units 120, 
130, 140 are labeled as 220, 230, 240, respectively, in FIG. 
2. DVI 100 is coupled by the bus system 280 to the left side 
sensor control unit 230. The sensor control unit 230 controls 
sensors 231-233. The sensor control unit 230 is coupled via 
the bus system 280 to the sensor control unit 220. The sensor 
control unit 220 controls sensors 221-223. The sensor con 
trol unit 220 is coupled via bus system 280 to the rear sensor 
control unit 240. The control unit 240 controls sensors 
241-243. 

[0044] The bus system 280 is a standard interface in 
accordance With RS 485 serial link standard. The bus system 
280 provides poWer and data for the components of the 
trailer based collision Warning system. Alternately, a Con 
troller Area NetWork (hereafter CAN) bus can be used as bus 
system 280. 
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[0045] In accordance With the present invention, the sen 
sor control units 220, 230, and 240 may be continually 
transmitting and receiving signals as long as the trailer is 
connected to an operating tractor, or selectively turned on 
and off by the controller. The sensors controlled by sensor 
control units 220, 230, 240 are operating to detect the 
presence of an object Within their ?eld of vieW (FOV) 
having a set range. The set of sensors can include various 
technologies among Which are radar, ladar, ultrasonic, infra 
red, video, and laser sensors. Each sensor technology has its 
oWn advantage and disadvantage and for that reason each 
sensor control unit may be connected to sensors of more than 
one technology to achieve superior performance and reli 
ability. 

[0046] FIG. 3 shoWs a block diagram of a sensor control 
unit depicting elements for controlling sensors, signal pro 
cessing, data communications, and for voltage regulation. A 
sensor control unit 300, Which is typical of sensor control 
units 220, 230, 240, includes controller 310, signal processor 
330, data communications 320, and voltage regulator and 
protection circuitry 340. Controller 310 controls multiple 
sensors 350a-n, Where each sensor has a receiver and a 
transmitter. Further, multiple sensors 350a-n may include 
sensors of varying technology types such as radar, ultra 
sonic, laser, and infrared, among others. Signal processor 
330 uses information from sensors 350a-350n to determine 
relative presence of a haZard. Information is provided by 
sensor control unit to external units by data communications 
320. Further, voltage regulator and protection circuitry 340 
maintains sensor control unit 300 in proper operating ranges. 
Further details of the utiliZation of a sensor control unit in 
the trailer based collision Warning system Will be provided 
in later discussions concerning sensor control units 220, 230, 
240. 

[0047] In an embodiment of the present invention, a 
hybrid con?guration of sensor types is used in conjunction 
With a sensor control unit, Where each sensor type operates 
to detect an object Within a set distance from the trailer. This 
hybrid con?guration includes radar sensors and ultrasonic 
sensors, Where three sensors are used With a sensor control 
unit. 

[0048] The detection signals are supplied from each sensor 
control unit 220, 230, 240 to DVI 100. The presence of an 
object is communicated to a driver by activating a display 
unit 160 of FIG. 1. The display unit 160 can include a set 
of visual and audio means for communicating information to 
a driver. FIG. 2 illustrates tWo trailer mount displays 261, 
262 as part of display unit 160, one mounted on each side of 
the trailer 250. The trailer mount displays include a set of 
vertical lights Which When activated indicate to the driver 
the presence of an object. The set of lights provides infor 
mation on system status, direction (left side or right side), 
and relative distance of the detected object from the trailer. 
Signi?cantly, the Warning information is provided to the 
driver Without relying on electronics in the tractor. 

[0049] In FIG. 2, the driver in tractor 251 can vieW in 
mirror 253 information displayed on trailer mounted display 
261 When turn signals are active in the process of changing 
lanes or turning a corner or When the vehicle is backing up. 
Likewise, the driver in tractor 251 can vieW in mirror 254 
information displayed on trailer mounted display 262 When 
turn signals are active in the process of changing lanes or 
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turning a corner or When the vehicle is backing up. Ambient 
light sensors built into trailer mounted display 261 and 262 
provide input to DVI 100 such that it can control the 
intensity of the indicators in the trailer mounted displays to 
compensate for variations in outdoor light levels. Further 
details of the components and alternate embodiments Will be 
provided in the discussions that folloW. 

[0050] DVI 100 controls the communication of haZard 
information to a driver of tractor 251. DVI 100 operates 
from 12, 24, or 42 VDC vehicle battery poWer With protec 
tion circuits to protect the electronics from surges due to an 
overcharging alternator, reverse voltage, electrostatic dis 
charge, or noise on the battery poWer Wires. It also provides 
a system fuse or breaker. The housing of DVI 100 effectively 
seals against all environmental conditions, solvents, and 
sprays encountered on the exterior of a vehicle per SAE 
J 1455, and complies With SAE J 1455 and With FCC require 
ments. Further, DVI 100 is connectoriZed. Connectors uti 
liZe a locking mechanism, are environmentally sealed, and 
provide highly reliable electrical connections under continu 
ous shock and vibration. DVI 100 mounts on a ?at surface, 
typically under the trailer or inside the trailer, utiliZing 
screWs inserted from the front of DVI 100. Other mounting 
arrangements can be used for the speci?c needs of a par 
ticular vehicle. 

[0051] DVI 100 interfaces With tWo trailer mounted dis 
plays 261, 262 providing identical information to the left 
display 262 and to the right display 261, regardless of 
Whether or not a driver in tractor 251 can vieW both displays 
261, 262 in the tractor mirrors 253, 254. For example, When 
turning right, there Will be a period of time When the left 
display 262 can not be vieWed in left mirror 254, but the 
lights of display 262 Will be activated if objects are detected. 
DVI 100 provides the information to the displays 261, 262 
using information from sensor control units mounted on the 
trailer, and left turn and right turn signal information 
received from the lines 210 coupled to the trailer through the 
cable 252 from tractor 251. DVI 100 also includes a pro 
grammable option to detect that the 4-Way ?ashers are on 
indicating that the trailer is in reverse. Further, DVI 100 is 
designed such that the data bus 280 can be con?gured for 
RS485 or CAN and can be provided With an optional 
interface to a J 1939 vehicle data bus. FirmWare resident in 
the DVI and sensor assemblies 220, 230, and 240 can be 
easily upgraded at time of installation as Well as after 
installation. 

[0052] The trailer based collision Warning system is acti 
vated by the ignition sWitch in the tractor. Built-in test 
functions are performed by the DVI and all sensor control 
units When poWer is initially applied. Built-in test functions 
continue to be performed as the system is running to detect 
any sensor failures, processor failures, or data communica 
tions failures. DVI 100 is compatible With the built-in test 
functions provided by each sensor control unit, such as 230, 
and each sensor such that malfunctions are detected and 
reported. DVI 100 provides visual and audio indications that 
it is fully functional When the trailer based collision Warning 
system 10 is poWered up. The visual indication is provided 
by activating all lights in the visual displays 261, 262. If an 
optional external audio device is installed, the built-in test 
function Will activate the audio unit With a pleasant tone if 
the built-in test results are positive. If a poWer-up build-in 
test (BIT) detects a system failure, the audio unit Will be 
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activated in a less pleasant distinctive manner. DVI 100 
operates in conjunction With the sensor control units to 
coordinate, from the trailer 250, communication of infor 
mation to a driver of tractor 251, both audibly and visually. 

[0053] The volume of the audio function may be pro 
grammed With a ?xed sound level or may be equipped With 
an automatic volume control to adjust the sound level to a 
level louder than the background noise in the cab of the 
vehicle. In one embodiment described later in this docu 
ment, an audio device mounted in the tractor receives audio 
information from the trailer using poWer line carrier tech 
nology. In another embodiment described later in this docu 
ment, an audio device mounted in the tractor receives audio 
information from the trailer using Wireless technology. 

Audible Feedback Table 

Rear detection range greater No audible feedback 
than 25' 
Rear detection in range of 12' Single audible pulse at the time the 
to 25' object is ?rst detected 
Rear detection in range of 8' to 12' One audible pulse every tWo seconds 
Rear detection in range of 3' to 8' One audible pulse every second 
Rear detection in range of 2' to 3' TWo audible pulses every second 
Rear detection in range of 1' to 2' Four audible pulses every second 
Rear detection in range less than 1' Steady audible tone squelched after 5 

seconds 
Sudden change in the range to Steady audible tone, squelched after 5 
object behind the vehicle (as seconds 
might be expected if a person or 
vehicle Were to suddenly move in 

behind the vehicle) 
Built-in test malfunction Four audible pulses per second for a 

period of one second, than a one 
second delay, and then a second burst 
of four audible pulses per second for 
a period of one second, then no 
audible alarm 
TWo short pulses if left or right turn 
signal is active 

Object detected Within 8 feet to 
the side of the vehicle While 
moving forward 
Object detected Within a 
programmable range of 6' to 2' to 
the side of the vehicle While 
the vehicle is backing up 
Built-in test pass condition 

TWo short pulses if left or right turn 
signal is active 

A tWo second tone presented When 
built-in test is performed at the time 
poWer is applied to the system 

[0054] HaZard de?nition and audible alarm indicators are 
programmable. The above table represents default param 
eters that can be easily changed to suit the needs of a speci?c 
application or a speci?c customer. 

[0055] Each sensor control unit 220, 230, 240 shoWn in 
FIG. 2 is coupled to three sensors. The sensor control units 
are similar to the type Aunit that is described in “System and 
Method for Warning of Potential Collisions,” US. patent 
application Ser. No. 09/621,748, ?led Jul. 21, 2000, assigned 
to the assignee of the present invention, and incorporated 
herein by reference. Furthermore, a stand-alone smart sensor 
is described in “System and Method of Providing Scalable 
Sensor Systems Based on Stand Alone Sensor Modules,” 
US. patent application Ser. No. 09/505,418, ?led Feb. 16, 
2000, assigned to the present assignee, and incorporated 
herein by reference. 

[0056] In an embodiment of the present invention, the 
sensor control units consist of a combination of radar-based 
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sensors units and ultrasonic-based sensors. These sensors 

operate from 12 VDC vehicle battery poWer, With protection 
circuits to protect the electronics from surges due to an 
overcharging alternator, reverse voltage, or electrostatic 
discharge. The sensors are certi?ed to comply With SAE 
J1455 and With FCC requirements. The sensor housings 
effectively seal against all environmental conditions, sol 
vents, and sprays encountered on the exterior of a vehicle 
per SAE J 1455, and are connectoriZed. Connectors utiliZe a 
locking mechanism, are environmentally sealed, and pro 
vide highly reliable electrical connections under continuous 
shock and vibration. The sensor con?gurations Work effec 
tively in clear Weather, fog, rain, snoW, and sleet over an 
operating temperature range from about —40° C. to +85° C. 
The sensor con?gurations provide a built-in-test function 
that detects a malfunction in any of the sensors. 

[0057] The rear sensor control unit comprises tWo ultra 
sonic sensors 241, 243, and one radar sensor 242. The right 
side sensor control unit and the left side sensor control unit 
both comprise three radar sensors. It can be understood by 
those skilled in the art that the con?guration of the sensor 
control units can be modi?ed for the appropriate application 
of the trailer based collision Warning system 10. The radar 
sensor 242 responds suf?ciently fast such that a valid 
detection is communicated via displays 261, 262 Within a 
fraction of a second of the aforementioned object detection. 
Further, ultrasonic sensors 241, 243 as Well as radar sensor 
242 Will detect a sudden change in range for objects With 
radar cross section equal to or larger than a small child (30“ 
tall) Within 10‘ of the rear of the trailer. The change is 
communicated to the driver as a haZard condition via 
displays 261, 262 Within a fraction of a second of the 
change. 

[0058] The ultrasonic sensors 241, 243 coupled to the rear 
sensor control unit 240 measure the range to any object 
equal to or larger than 1“ diameter pipe 3‘ long at a range of 
6“ to 12‘ behind the trailer With an accuracy of 110% or :2“ 
(Whichever is greater) over the full operating temperature 
range. Further, the ultrasonic sensor measures the range to a 
chain link fence at a range of 6“ to 8‘ With an accuracy of 
110% or :3“ (Whichever is greater) over the full operating 
range. Within these speci?ed ranges, the ultrasonic range 
measurement tracks the actual range for trailer speeds up to 
5 mph. For trailer speeds over 5 mph to 15 mph, the range 
measurement tracks actual range Within 20%. 

[0059] Each sensor control unit 220, 230, and 240, can be 
programmed in the ?eld during installation to indicate a 
mounting position and to set variable thresholds for the 
sensors connected to it. Each sensor control unit can support 
up to three radar sensors and three ultrasonic sensors. As an 
option, each sensor control unit can synchroniZe sample 
times on all radar sensors on a vehicle so all radar sensors 

are off long enough to pulse the output of all the radar 
sensors on and off. 

[0060] Each sensor control unit provides, via a RS485 
serial link, alarm sensor controlled alarm on/off messages to 
DVI 100 based on its oWn radar data and ultrasonic data. 
DVI 100 operates With the information from sensor control 
units 220, 230, 240 to activate the visual displays 261, 262. 
DVI 100 in conjunction With rear sensor control unit 240 
Will not provide alarm condition or range measurement 
information via the visual displays 261, 262 When the 
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tractor-trailer 251-250 is ?rst shifted into reverse, unless 
valid object detection has occurred. For alarms based on rear 
sensor data, once an object is detected and an alarm or range 
condition is visually presented to the driver, the alarm and 
range condition continue to be presented visually unless the 
object has been removed from the rear of the vehicle, or the 
transmission is shifted out of reverse. All alarms and range 
measurement are extinguished Within 1 second of When the 
alarm clearing event occurs. 

[0061] In hybrid con?gurations using radar sensors and 
ultrasonic sensors, if the radar sensors determine that the 
vehicle is in close proximity to an object, but there is no 
range information from the ultrasonic sensors, or if a mal 
function is detected in the ultrasonic sensors, the radar data 
Will override the ultrasonic sensor data and provide range 
information that is communicated to a driver via the visual 
displays 261, 262. When sensor control unit 240 is con?g 
ured With tWo ultrasonic sensors 241, 243, a triangulation 
algorithm may be used to calculate actual range to the object 
based on programmed spacing of the ultrasonic sensors. The 
default setting for the ultrasonic sensors is seven feet. Such 
triangulation is described in “Precision Measuring Collision 
Avoidance,” US. patent application Ser. No. 09/587,244, 
?led Jun. 2, 2000, assigned to the present assignee, and is 
incorporated herein by reference. 

[0062] For rear object sensing, range indications are only 
displayed When the range drops beloW 25 feet. When an 
object is detected Within 25 feet, the range continues to be 
displayed as long as the transmission is in reverse or the 
four-Way ?asher is active. 

[0063] For alarms based on side sensor data, an alarm 
condition is not presented to the driver When a turn signal is 
?rst activated unless a valid haZard condition exists at that 
time. Once a valid haZard is detected, the visual Warning 
presented on visual displays 261, 262 continues Without 
interruption until the haZard has passed. 

[0064] FIG. 4 depicts the location of trailer mounted 
display 262 on the left side of the trailer 250. The trailer 
mounted display 262 is visible to a driver in the tractor 251 
using mirror 254 to vieW the left side of the tractor-trailer 
251-250. 

[0065] FIG. 5 provides a vieW of a trailer mounted display 
in accordance With the present invention. The trailer 
mounted display 262 and the trailer mounted display 261 are 
identical With display 261 mounted on the right side of 
trailer 250 and display 262 mounted on the left side of trailer 
250. Trailer mounted display 262 includes eight LEDs (i.e., 
high intensity light emitting diode modules) 263-270 verti 
cally mounted on a narroW printed circuit board 275 encap 
sulated in a Weather protective housing. Use of a printed 
circuit board as a signal interface unit alloWs the LEDs to be 
coupled via LED drivers to DVI 100 by a data bus rather 
than individual Wires for each of the LEDs. In another 
embodiment, the trailer mounted display 262 includes eight 
marker lights mounted on an aluminum extrusion With 
individual activating lines to each marker light. 

[0066] The trailer mounted display 262 is mounted on the 
side of trailer 250 With the LEDs 263-269 facing forWard 
toWard the tractor 251. It is mounted near the bottom of the 
trailer 250 such that it can be fully vieWed in the left side 
mirror 254. The trailer mounted display 261 is mounted near 
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the bottom of the trailer 250 such that it can be fully vieWed 
in the right side mirror 253. Both trailer mounted displays 
261, 262 are mounted on the sides of the trailer at a distance 
from the front end of the trailer 250 near the tractor 251 such 
that these displays 261, 262 can be easily vieWed in mirrors 
253, 254, respectively, When the vehicle is turning With an 
inside angle created betWeen the tractor 251 and trailer 250 
being as little as 120°. For many trailers, the mounting of the 
displays 261, 262 is set at about 10‘ back from the front of 
the trailer. Additionally, the assembly housing for trailer 
mounted displays 261, 262 are resistant to contact With 
objects that normally do not cause collision damage such as 
small branches as the branches are slightly brushed by the 
trailer. Further, the housing does not break upon impact With 
stones, hail stones, sand, and other common debris found in 
roadWays. 
[0067] The trailer mounted displays 261, 262 can be 
included in a trailer based collision Warning system that just 
uses rear sensors, that just uses side sensors (left side, right 
side, or both), or on a trailer based collision Warning system 
that uses both rear sensors and side sensors. Although some 
applications only require a trailer mounted display on one 
side of the trailer, most applications Will require a trailer 
display mounted on both sides of the trailer. The eight LED 
trailer mounted display 262 is con?gured With a status LED 
270, a right turn indicator 269, ?ve range LEDs 264-268, 
and a left turn indication 263. The various uses of the LEDs 
are associated With colors, Where the status LED 270 is 
White, the right and left turn indicators 269, 263 are amber, 
and the range LEDs 264-268 are red. It is understood that 
other embodiments can use a different color coding for the 
light system used. 

[0068] The White status LED 270 is a system status 
indicator located at the top of the mounting 275. In a normal 
state, Where there are no malfunctions and no turn or reverse 

indications, the status LED 270 is off. When the right turn 
signal is on, the status LED 270 Will be turned on and remain 
on in a steady manner, if there are sensors on the right side 
of the vehicle. When the left turn signal is turned on, the 
status LED 270 light Will be turned on and remain on in a 
steady manner if there are sensors on the left side of the 
vehicle. When the vehicle is in reverse, or With ?ashers on 
in the ?asher mode, the status LED 270 Will be turned on and 
remain on in a steady manner, if there are sensors on the rear 
of the vehicle. When communications is lost With a sensor 
control unit, the status LED 270 ?ashes at a 4 HZ rate for 5 
seconds and then turns completely off. Until communica 
tions are reestablished, the status LED 270 blinks at a 4 HZ 
for 1 second every 10 minutes. When communications With 
the sensor control unit are reestablished, the status LED 270 
stays on continuously for 5 seconds and then extinguishes. 
If the system detects that rear ultrasonic sensors 241, 243 are 
not functioning correctly, but range is provided from the 
radar sensor 242, the status LED 270 is turned on and 
remains on for 750 ms and then turns off for 250 ms. This 
on-off pattern continues as long as there are objects detected 
by the radar sensors that should be detected by the ultrasonic 
sensors. Signals to the trailer mounted displays 261, 262 are 
provided by DVI 100. 

[0069] The red range LEDs 264-268 provide range infor 
mation regarding a potentially haZardous object. These 
range LEDs 264-268 can be con?gured in several Ways. In 
one embodiment of the present invention, LED 269 can be 
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used to indicate side object detection, While the bottom ?ve 
range LEDs 268-264 can be used to provide rear range 
information. Additionally, the space betWeen LEDs 269 and 
268 can be different than for LEDs 268 thru 263 providing 
additional distinction betWeen side and rear information. 
Each range LED When activated provides tWo sets of range 
information, one set associated With the LED on in a steady 
manner and the other set associated With the LED on in a 
?ashing manner. In another embodiment, all ?ve red range 
LEDs can be used to provide ranging information for one of 
the three directions: reverse, right turn, and left turn. With 
?ve LEDs having tWo settings, either steady on or ?ashing, 
up to 10 ranges for the presence of an object can be 
displayed. If the trailer is moving forWard and an object is 
detected on the right side, LED 269 Will be on if the right 
turn signal is active. If the trailer is moving backWard and an 
object is detected at close range on the right side, LED 269 
Will turn on even though the right turn signal is not active. 
If the trailer is moving forWard and an object is detected on 
the left side, LED 263 Will be on if the left turn signal is 
active. If the trailer is moving backWard and an object is 
detected at close range on the left side, LED 263 Will turn 
on even though the right turn signal is not active. If a haZard 
condition is detected While the trailer is backing up, all the 
LEDs Will ?ash. In this case, no right or left turn object 
detection is displayed. The rear haZard indication, Which is 
only active When the trailer is moving in reverse, overrides 
both a right and a left turn indication. 

[0070] FIG. 6 depicts a trailer mounted display 262 hav 
ing siX LEDs 291-296 mounted on a vertical strip 290. LED 
296 is an White status LED mounted at the top of the vertical 
strip 290, and operates as described above. LED 295 is an 
amber indicator Which turns on if an object is detected on the 
right or left side With the right or left turn signal is active or 
the vehicle is backing up. As an option an additional 
indicator could be added to differentiate left and right side 
alarms. The four red LEDs 294-291 are for rear range 
information, indicating the range to the nearest object 
detected to the rear of the trailer, When the trailer is in 
reverse. If the tractor-trailer has no reverse indicator, the 
four-Way ?asher can be turned on to activate the rear 
detection system. The ranging information for the LEDs of 
FIG. 6 is provided in the folloWing table: 

Visual Feedback Table 

Condition Visual Feedback 

Object detected at rear With range 
greater than 25' 
Rear detection in range of 12' to 25' 
Rear detection in range of 8' to 12' 
Rear detection in range of 5' to 8' 
Rear detection in range of 3' to 5' 
Rear detection in range of 2' to 3' 

Rear detection in range of 1' to 2' 

Rear detection in range less than 1' 

Hazard: Sudden change in the range 
to detected object behind the vehicle 
(as might be expected if a person or 
vehicle Were to suddenly move 

behind the vehicle) 

291, 292, 293, 294 Off 

294 on (no ?ashing) 
294 ?ashing at 2 HZ 
294 on, 293 on 

294 on, 293 on ?ashing at 2 HZ 
294 on, 293 on, 292 on ?ashing at 
2 Hz 
294 on, 293 on, 292 on, 291 
?ashing at 2 HZ 
All lights 291 through 294 ?ashing 
at 4 HZ 
291 through 295 all ?ashing at 
4 Hz 
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-continued 

Visual Feedback Table 

Condition Visual Feedback 

Rear sensor assembly malfunction 
Object detected Within 8 feet to the 
side of the vehicle While moving 
forward 
Object detected Within a 
programmable range of 6" to 2' to 
the side of the vehicle While backing 
up. 

296 ?ashing at 4 HZ 
295 on depending on left or right 
turn signal being active 
(i.e. turned on) 
295 on 

[0071] HaZard de?nition and visual alarm indicators are 
programmable. The above table represents default param 
eters that can be easily changed to suit the needs of a speci?c 
application or a speci?c customer. 

[0072] FIG. 7 depicts a block diagram for an audio 
Warning system With information signals superimposed on 
eXisting battery poWer Wires providing signals for audible 
use by external systems or accessories, in accordance With 
the present invention. An audio alarm enable signal is 
provided by the trailer based collision Warning system 10 to 
a poWer line carrier interface circuit 999 Which is coupled to 
eXisting battery Wiring running in the cable 252 betWeen the 
tractor and trailer. In particular, poWer line carrier interface 
circuit 999 is coupled to DVI 100 of trailer based collision 
Warning system 10. The poWer line carrier interface circuit 
adheres to the standards for poWer line carrier technology 
for superimposing information signals on a poWer line. 
Within tractor 251 is a poWer line carrier interface circuit 
991 for recovering the information superimposed on the 
poWer line. The poWer line carrier interface circuit 991 is 
coupled to the seven Wire cable 252, or other tractor-trailer 
cabling scheme, and adheres to the standards for poWer line 
carrier technology for receiving signals superimposed on a 
poWer line. The information signals recovered by the poWer 
line carrier interface 991 are converted to signals for an 
audio ampli?er and speaker driver system 992, Which pro 
vides the signals for the speaker 993. The audio tones as 
provided by the speaker 993 for Warning and range infor 
mation are those described earlier in relation to the DVI, 
Which controls the activation of audio signals. Alternately, 
other information can be provided by signaling over the 
seven Wire cable 252 providing information on the status of 
the trailer based collision Warning system, haZard locations 
on the right side, left side, and rear of the trailer, and relative 
ranging information regarding the haZard locations. 

[0073] The poWer line carrier interface 999 is mounted on 
the trailer 250 in relatively close proXimity to the trailer 
based collision Warning system 10, or can be coupled to the 
trailer netWork provided by bus system 280. PoWer line 
carrier interface 991, the audio ampli?er and speaker driver 
system 992, and speaker 993 are mounted in the tractor 251. 
These units can provide audio signals other than tones When 
con?gured With circuitry or programming to provide audible 
information regarding left, right, rear, malfunction status, 
on/off status, and distance information such as a number of 
feet. Providing such circuitry or programming should be 
understood by those skilled in the art. Alternately, the audio 
unit components for the tractor 251 can be provided as a 
portable unit. Additionally, information can be transferred 
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using the power line carrier interfaces 999, 991 to an 
information display unit that may be part of or controlled by 
the audio unit, and may include speaker driver system 992 
and speaker 993 along With a visual display unit. The 
information display unit may include only a visual display 
unit depending on the application. 

[0074] FIG. 8 depicts a portable audio receiver system 
996 for receiving Warnings and range information from the 
trailer based collision Warning system 10. The portable 
audio receiver system 996 includes a poWer line carrier 
interface circuit 994, an audio ampli?er and speaker driver 
997, speaker 998, and an audio pick-up device 995 adapted 
for coupling to a vehicle cigarette lighter outlet. These units 
can provide audio signals other than tones When con?gured 
With circuitry or programming to provide audio information 
regarding left, right, rear, malfunction status, on/off status, 
and distance information such as a number of feet. Providing 
such circuitry or programming should be understood by 
those skilled in the art. The audio pick-up device 995 is 
slotted into a cigarette outlet 958 in a tractor dash 957 for 
coupling to the tractor poWer line. Alternately, the audio 
device 995 can be coupled to a vehicle auxiliary poWer 
outlet 959. Additionally, information can be transferred 
using the portable audio receiver system 996 to an informa 
tion display unit that may be part of or controlled by the 
audio unit, and may include speaker driver system 997, 
speaker 998 along With a visual display unit. The informa 
tion display unit may include only a visual display unit 
depending on the application. 

[0075] FIG. 9 depicts a Warning system for receiving an 
audio activation signal by a Wireless data transceiver 881 in 
a tractor 251 that Was transmitted from a Wireless data 
transceiver 889 mounted on trailer 250 and coupled to DVI 
100. DVI 100 receives information regarding collision 
Warning and range information and passes it on to Wireless 
data transceiver 889 Which Wirelessly transmits the infor 
mation to the Wireless data transceiver 881 in the tractor 251. 
In one embodiment, Wireless transceivers 889, 881 are 
implemented in compliance With BluetoothTM Wireless tech 
nology standards (Trademark oWned by Bluetooth Sig, Inc.). 
In another embodiment, the Wireless transceivers 889, 881 
adhere to IEEE 802.11 Wireless standards. It can be under 
stood by those skilled in the art that Wireless data transceiv 
ers 889, 881 can be used in the present invention that adhere 
to a Wide variety of industry accepted standards for Wireless 
LAN systems. Wireless transceiver 889 receives its poWer 
from DVI 100 that is coupled to the standard seven Wire 
cable 252 via lines 210 of FIG. 2. Alternately, the Wireless 
transceiver receives its poWer by directly coupling into the 
standard seven Wire cable 252. Further, audio information to 
be conveyed to the driver of tractor 251 has been described 
With respect to DVI 100 audio functions. The Wireless 
transceiver 881 and speaker 883 can be mounted in the 
tractor 251. Alternately, a portable Wireless transceiver can 
be used in the tractor 251. In addition to providing infor 
mation for audio Warnings, non-audio information received 
via Wireless transceiver 881 can be diverted to an accessory 
device for visual display. 

[0076] FIG. 10 depicts a portable driver feedback device 
896 for receiving audio Warning and range information from 
the trailer based collision Warning system 10. The portable 
driver feedback device 896 includes a Wireless data trans 
ceiver 884, speaker 886, and a poWer adaptor 885 adapted 
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for coupling to a vehicle cigarette lighter outlet. The poWer 
adapter 885 plugs into a cigarette outlet 958 in tractor dash 
957 for coupling to the tractor poWer line. Alternately, the 
poWer adapter 885 can be coupled to a vehicle auxiliary 
poWer outlet 959. In addition to providing information for 
audio Warnings, information for visual displays can be 
provided Wherein portable driver feedback device 896 con 
trols the conversion of information to a visual feedback 
device 887 or visual display. 

[0077] FIG. 11 depicts a reverse sensor 1112 mounted on 
or adjacent to an axle on trailer 250. Reverse sensor 1112 is 
a Hall effect sensor for providing information regarding the 
direction of motion of the trailer. Alternatively, reverse 
sensor 1112 can be coupled to the hub of a Wheel 258 of 
trailer 250 to detect direction of motion of the trailer. The 
reverse sensor 1112 is used in conjunction With the rear 
sensors 241, 242, 243 to provide information When the 
trailer 250 is backing. Alternatively, the information from 
reverse sensor 1112 may be Wired directly to DVI 100. Other 
sources for detecting backing information include driver 
activation of the four-Way ?ashers, motion sensor detecting 
movement of the ground relative to the vehicle, or informa 
tion received on an existing data bus betWeen the tractor and 
trailer. The rear sensors may be active at all times or 
activated When the vehicle is backing up. In either case, 
range measurements and collision Warnings from the rear 
sensors are enabled only When the rear sensors recogniZe (a) 
that the transmission is in reverse, (b) that the four-Way 
?ashers are activated, or (c) that the reverse sensor detects 
trailer motion in the reverse direction. 

[0078] When range measurements and collision Warnings 
from the rear sensors are enabled, an audible haZard alarm 
controlled by DVI 100 Will automatically extinguish Within 
10 seconds after being activated. Rear range measurements 
are displayed When an object is detected Within 10‘ of the 
rear of the trailer. When the trailer stops, the range data Will 
continue to be displayed until (a) the vehicle begins to move 
forWard, (b) the ignition sWitch is turned off, or (c) the range 
measurement has not changed for a speci?ed period of time. 

[0079] In another embodiment of the present invention, a 
method for indicating that a tractor- trailer is sloWing doWn 
can be implemented With the trailer based collision Warning 
system 10. The tractor-trailer 251-250 as depicted in FIG. 2 
traveling in a forWard direction can sloW doWn using the 
transmission and engine Without applying brakes. In this 
situation, no Warning is displayed to the drivers behind the 
tractor-trailer 251-250. Using a Doppler radar sensor such as 
242, or an alternate speed sensor the trailer based collision 
Warning system can determine a sudden sloWing doWn of the 
vehicle. When the sloW doWn is detected, DVI 100 can apply 
a signal to the brake lights of the trailer 250 to indicate to 
other drivers that the tractor-trailer 251-250 is sloWing 
doWn. DVI 100 continues to activate the brake lights until 
the vehicle stops moving, stops sloWing doWn, or begins to 
speed up. These three conditions are detected by the sensors, 
Which Work in conjunction With DVI 100. Examples of 
alternate methods of detecting trailer speed include: (a) use 
of rear Doppler radar sensor, (b) Global Positioning System 
receiver, (c) sensor detecting rate of trailer tire or axle 
rotation, or (d) information received from an existing data 
bus on the tractor and connected to the trailer. 

[0080] FIG. 16 depicts DVI 100 With a means of detecting 
a condition in Which the trailer is sloWing doWn and elec 












