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OVERHEAD VIEW FOR HITCH CONNECTION

RELATED APPLICATIONS

[0001] This apphcation clams priorty to ULS. Provisional Apphcation No. 617005666,
filed on November 18, 2013 and tiled “OVERHEAD VIEW FOR HITCH CONNECTION,”

the entire contents of which 1 mcorporated by reference.
BACKGROUND

[3002] Embodunents of the mvention rehte to methods and systens for admg a diver m

attachmg & vehicle hitch to a trafdfer coupler.

[0003] Due to view and sight lne hnglations, £ 5 difficult fo connect a vebicle lutch with
a hitch-mowted device or accessory {e.g., a trader, another vehick, a bike rack, a cargo
carrier, etc.). For exanplk, the vehick towmg ball needs to be properly aligned with a trager
coupler m a lopghudmal (up-and-down) dwection and a lteral dmection (side-to-sude}
However, while operatng a vehik, the drrer cannot duectly see the towmg ball or the

trafler coupler.
SUMMARY

0004} Accordmgly, mplementations of the mwention provide nethods and systens for
providing an overhead view m a wehicle fo allow a diwver to align a vehicle hich with batch-
mwouted accessory. A ditance between the vehicke hitch {e.g, the towmg ball) and the
mating trafler coupler can be deternmed based on the overhead mmapge data.  The dutance
mformation can be conmmwucated to the drver andior used by a controfler to antonmtically

control the vehicle.

{085} The mvention ako provides a hitch connection system for attachmg a vehick to a
trafler.  The bhmch comection system mehides at kast one camera and a controller. The
camera ® confimwed to collect mmge data of a vehicle hitch and a watder couplkr. The
controffer 1 confiomwed to generate an overhead view mmage based on the mmage data. The
controffer © fiwther confioired to calenlate a relatve height between the vehick hitch and the
trafler coupler based on the mmpe data and generate an alert when the relative heiglt B less

than a predetermimed threshold.
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[3006] In addsion, the mvention provides a nethod for admg a dirnver m conmectmg a
veluck to a frader. The nethod mehides collectng muage data of a vehicle bufch and a trader
coupler by at least one camera. The method ako mehides gereratmg, by a controller, an
ovethead view mmage based on the mwge dala.  The methed fiwther mehdes cakulatng a
relative height between the wvelucle hitch and the trader coupler based on the mwmge dala and
generatmg an alert when the reline heplt 5 kss than predeternmed threshold by the

controller,

[0007] Other aspects of the mvention will become apparent by comsideration of the

detatled descrption.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 5 adiagram of a vebick equpped with a hiteh connection system

[0009] Fig 2 © an overhead view mmge generated by the bich comection swtem of Fig.

i.
[0010] Fig 3 5 adimgram of a velwck and a trafler.

[0011} Fig. 4 8 a dagram of a vehxle and a tradler equipped with a hach comection

systeny
{0012} Fig. 5 represenfs a process for operatmg the hitch connection system of Fig 1.
DETATLED DESCRIPTION

{0013} Before any epbodments of fhe mvention are exphmed m detadl tt 5 to be
wnderstood that the mvention s not lnwted m #s appheation to the detatk of constiuction and
the amrangement of conponents set Prth m the followmg descrption or dlustiated m the
followmg drawmps. The mwvention i capablke of other embodiments and of bemg practiced

or of bemg carried ol m various ways.

{0014} Also, # 5 to be mderstood that the plraseclogy and ternmology used herem
for the purpose of description and should not be regarded as hmimg  The nse of “mcldmg”
“comprmg” or “having” and vanations thereof herem © neant to encompass the dems

histed thereafter and equmalents thereof as well as addmonal fems.  The terms “mounted”

]
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“comected” and “coupled” are used breoadly and enconpass both diect and mdwect
nowing, comectng and couplng  Further, “comnecied” and “coupled” are not restricted to
plasical or mechamcal comections or couplngs, and can mehide electrical comnections or
couplngs, whether drect or mdmect.  Ako, electronic conmsmicabions and notdfications may

be performed usmg known means mchiding wred comections, wreless conpections, efc.

[0015] Ii should alko be noted that a phwalty of hardware and sofiware based devices, as
well as a phualty of different stmctwral comporents mmy be utiized to mplement the
wvention. It should ako be noted that a phualty of hardware and software based devkes, as
well as a phiralty of different stmetral conponents mayv be wed fo mplement the mvention.
In addtion, # should be understood that embodments of the mwention nay mehde hardware,
software, and electrone components or modules that, r pwposes of dwcwssion, amy be
flustrated and described as i the majorgy of the components were mplemented sokly m
hardware. However, one of ordmary skill m the ait, and based on a readmng of this detailed
deserption, would recognize that, m at least one embodinent, the electronic based aspects of
the mvention pmy be mpplemented m software {e.g. siored on non-fransttory conpuier-
readable medmm) executable by one or more processors.  As a result, #f should be noted that
a phwalty of hardware and software based devices, as well as a phmality of dilferent
stnctiral conponents mayv be utidized to mplement the mvention.  For example, “control
units” and “controflers” described m the specification can mchide processmg components,
mchiding one or more processors, one of nore nenwory modules melidmg non-transtory
compuier-readable medssn, one or more mpulfoulput mferfaces, and varous connecfions

{e.g.. a system bus) comectmg the components.

[0016} Fig 1 dhwtrates a vehicle 100 with a btch 103 {e.g towmg ball} and a hich
comnection systern 107, The hich connection swstemy 107 meldes a phwality of cameras
110A-110C npunted on the velwele 160, hmge data collected by the phualty of cameras
110A-110C B wed to produce an overhead view of the welucke 100, The hitch comnection
systemy 107 ako melndes a confroier 115 having an electronic processing wngt 120 {eg. a
processor, applcation spectfic mfegrated cwout (CASIC™). efcl), a non-transfory conpider-
readable medmm 125, and an mpwoutput mterfice 130, The controller 115 obtams the
mmge data through the mputoutput mterface 130, For example, the mputioutput mterface
130 can be comected to the phiralty of cameras 110A-110C through a wred connection or a

wreless comnectionn In some embodmients, the phwaltv of cameras 110A-110C are

Lo
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comected to the mputoutput mterface 130 over a dedwcated wrwed comnection or
commumicate with the mputoutpt mierface 130 over a commmuucation bus 135 {e.g, a CAN

bs).

[0017] The electrome processmg g 120 mehded m the contoller 115 executes
wstnctions stored m the nop-transdory conpuler-readable medmm 125 o gererate an
ovethead view mmage 142 of the veluck 100 as dhstraied m Fig 2. The overbead vew
mage 142 can be diplived on at least one display device 140 mchided m the hach
connection system 107 (e.g, an LED, LCD, or touchscreen display). The overhead wiew
mage meldes flwee-dimensional data of the wvehcle 100 and #s swroundmes and can
mchide one or more overlys. For exanmple. m some mplementations, the overhead view
mage 142 mehides a welicle overly that mdicates the postion of the vehwle 100, The
overhead wview mmage 142 can ako mclide overlays that highleht the htch-mounted
accessory {heremafler referred to as a watler 145, bwt such an “accessory” can mehde any
object that can be towed by the velicke 100, such ay a wrater, another vebicle, a bike rack, a
cargo camier, etc.) and/or other objects defected around the wvebicle 1000 In some
mplementations, the overhead view mmge 142 can ako mehde overlhys that prowide

mstnctions 144 fo the drver {e.g, arrows, warnmgs, textual commands or miomation, ete.).

{0018] Fig. 3 illustrates the wvebicle 100 of Fig 1 and a frader 145 with a coupler 150
The controller 115 can ako calcubie disfance mionmation based on the overhead view muage
{re.. based on the three-dmrensional data represented m the overhead view mmge). For
exanple, the controller 115 can determme a hifch hewght 155 of the hateh 105 and a coupler
heiglt 160 of the coupler 150 relatve to the ground. In some mpplementations, the controfler
115 deternmes a reltve heiht 165 between the hateh 105 and the coupler 1300 The
controller 115 wses the relatve height 165 to wam the diver when the hach 103 mwv crash
mto the coupler 150 or other conponents of the fraffer 145 {as conpared to connectng with
the coupler 150) so that the drrver can take appropriate action. For example, the confrolier
115 can generate an audble warnmg visual warnmgs, haptic wammg or a combmation

thereof to warn the dirver of a possible collision.

[0019] In some muplnentations, the distance miormation i caleulated based on the
amage daia collecied by the phwalty of cameras 110A-110C. In some mmplmentaiions, the

distance mformation s calculated based on the mmge dala and the overhead view mmage. In

-
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soine mnplenentations, the dstance mfornwmtion & caloubted based sokly on the overhead

VISW HIAge.

[0020] In some mupkmentations, the coofroller 115 1 ako coofigwed to avlomatically
operate the vehicle 100 fo avodd a detected potentinl crash  For example, m those vehicles
with actme suspension, the controller 115 can be configmed to amomatkally adjust the
vehicle sispension beight to avold a collkion  Allermatively or m addiion, the controller 115
can be configred fo automatically adpst a hitch beight 155 of the h#ch 165 (m vehicks
egupped with an eleciromcally adjostable lhwtch).  In sone mplementations, the controller
113 can ako be configured to perform smular height adpstments to level a lpad cammed m the
trafler 145 {(e.g., autommatically or bDased on nmmml commands) Ako, m sone
mplementations, the controfler 113 8 confiowed fo auvtonwtically control the vebieke’s

steermg angle and/or speed to belp alien the vehicke 100 with the traffer 145 for connection.

{021} To wentfv the hifich 105 and coupler 150 locations, the controller 115 can be
configired fo display one or nore mmages {e.g., the overhead view mmage 142) to the drwver
and recerve an mdication from the driver of the location of the hich 105 and the coupler 150
For example, ff the velwck 100 mchudes a dsplyv device 140, the controller 115 recerves
touch pomts on the dsplay device 140 that mdicate the posdion of the hifch 105 andior the
coupler 150,  Alfematwely or m additon, the coufroller 115 can automafcally dentify the
hitch 105 andfor the coupler 150 wmg featwe recogntion In some mplementabions, the
comtrofler 115 ake mes prior location determmations fo leamn locations or mprove feahuwre

recognition

{6022} Fig 4 dhwtrates a vehick 100 mchdimg a wred camera 170 and a tader 145
mchiding a wieless camera 175.  In sone anplenentations, one or more wiekess caneras
can be wed to axd a drver m commectng a tafler 145, For exanple, one or more wiekss
cameras can be plced at varous locations on the vehicle 100 or the trader 145 o obtam a
desred a feld-ofvew not casity obtamed wmz wred cameras. In some mplementations,
the wreless cameras are removable such that they can be used with different traders andior
mamially postioned based on the velucle, the frader, and the comnection envwomment. Image
data collected by ihe wrelkss caneras can be used with mnage data collected by wued
cameras to produce the overhead vew mmge.  Altematvelv or m addiion, the snage data

coliected by the waeless cameras can be kept separate from the mmge data collected by the
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wired cameras.  Therefore, dwmg operation, two different views can be provided.  The
particalar  view  dsphyved to the diver can switch based on manual selections or
autommaticalty,.  For exanple, m one mplementation, the controller 113 can provide a fist
ovethead view when a direr s perforomg a irader comnection that 1 based on mpage dafa
collected by the wred camera 170, When the trader 145 8 comected to or close to bemg
comnected to the webxle 100, the controler 115 can aufomatically swich to a second
overhead view that © based on mnage data collected by the wweless canera 175, For
example, after the vehicle 100 and the trader 145 are comnected or shortly before such a
comnection occws, the traffer 145 may block the view of one or more caneras mounted at the
rear of the vehick 100. Therefore, switchmg the wreless cameras can provide a belter view
for the drrver when completing the conpection

[0023] Frz 5 illstrates a process 30 for operatmg the hitch connection system 107 to
ard a driver m comectmg a hitch 103 of a vehick 109 to a coupler 150 of a tratler 145, The
steps of the process 300 are deseribed m an teratne mammer for descripfve purposes.
Tarious steps described herem with respect to the process 500 are capable of bemg execufed
simmltaneously, m paralliel or m an order that differs flom the thwirated serial and feratwe
manner of execufionn At step 510, the at keast one camera collects mmge daia of the hich
105 and the coupler 150, At step 520, the controller 115 generates an overhead view mmge
142 based on the mmge dafa. At step 330, the controller 115 calculafes a relatwe beight 165
between the hitch 103 and the coupler 130, At step 540, the contoller 115 compares the
relative heieht 163 to a predeternmmed threshold. I the relative height 165 & greater than or
equal to the predetermmed tlweshold, the controller 115 deternmes that the hitich 105  a sake
enough vertical distance away from the coupler 150 and the process 500 retuns to step 510 1o
collect new mmge data. On the other hand, if the relaine heieht 163 © less than the
predeternmned tfhreshold. the conmroller 115 determines that the Imtch 105 may crash mto the
coupler 150, mstead of matmg with the coupler 150, and the process 500 proceeds o step
550. At step 530, the controller 115 generates an alert to wam the drwer that the hitch 103
pay crash mto the coupler 130, At step 360, the controller 115 adjusts the hewght of the hich
103,

{0024} Thaws, the mvention provides, among other thmgs, a hi#ch comection svstem for a

velucke and a trader. Various featwres and advantages of the mwvention are set forth m the

following clamx.

)
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CLAIMS

What § chined ©:

i A hiich connection system for attachmg a vehicle to a trafler, the system conprismg:
at Jeast one camera configred to collect mmage data of a vehick hitch and a
trafler coupler; and
a controllier configured io
generafe an overhead view mmge based on the mage data,
calculate a relaive height between the vehicke hich and the frader
coupler based on the mmge data, and
generate an alert when the relatwe beight 1 less than a predetermined

threshold.

2. The hiich connection system accordmg to clamn 1, wherem the alert mehides at least
one selected fom a growp meluding an andibke wammg, a visual warnmg, and a haptic

WArNmg,

3. The hitch comnection system accordmg to clamm 1, wherem the conroller is finther
confipired to adjust a btch height when the rebfrve height ® kss than the predetermined

thweshold.

4. The hitch compmection sysitem accordmg fo clamn 3, wherem the controller 1 futher
configired to adpust a vehick suspension height when the relatwe height 8 less than the

predeternuned  threshold.

;. The hitch comnechion svstem accordmg to chun 3, wherem the controlier © firther
configwed to adjust a postion of the vehicle hitch relative to the vebcle when the relative

hetght i less than the predeternmmied threshold.

6. The hutch comection system accordmg to clham 1, wherem the confroller s finther

configired to calculate the rehtve height based on the overhead view unage.

7. The hitch compection sysiem accordmg to clam 1, wherem the controlier 1 fwther

configured to determme a bich beight and a coupler height based on the snage dafa.
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-

8. The hitch connection systemn accordmg to clam 7, wherem the controller & farther

configired o calculate the relatne height based on the hufch beight and the coupler height.

9. The hich connection systemn accordmg to clamn 1. wherem the af kast one camera

mehdes a first camera © mowted on the vehick.

10, The hich connechion systern accordmg to clamm 9, wherem the at kast one camera
firther michides a second canera mounted on the vehicle, and wherem the first caners
coupled o the confroller via a waed connection and the second camera s coupkd fo the

controfler via a wreless comnection

11, The hich connection system accordmg fo clam @, wherem the at least one camera

finther mcludes a second camera mowmnted on the trader.

12, The hich comnnection system accordmg to clhmn 11, where the frst camera 8 coupled
to the controller via a wired connection and the second camera s coupled o the controller via

a wireless connection.

13, A method for aidmg a diver m conmectmg a velicle fo a trafder, the method
COMPIISIng:
collecting, by at least one camera, mmage data of a veluck Iutch and a tader
coupler;
generating, by a controller, an overhead view mmage based on the snage data;
calculatmg, by the controller, a relatne hepht between the velicle hifch and
the tratler coupler based on the mwage data; and
generating, by the controller, an alert when the relatve height © kess than a

predetermuned threshold.

4. The method accordmg to clhm 13, wherem the alert melndes at keast oune selected

fom a group mcliding an audiblke warnmg, a visual wamnmg, and a baplic wammg

15, The method accordmg to clamn 13, finther compriing adjstmg, by the controller, a

hatch height when the relative height & less than the predeternmed tweshold.

i6.  The method accordmg to chmn 15, fiwther comprismg adpstmg, by the controller, a

velucke suspension hetght when the relative height 5 less than the predetermmed threshold.
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17.  The method accordmg to chun 15, fiwther conprismg adpstme, by the controller, a
postion of the vehicke hitch reline to the vehicle when the relative heipht 1 less than the

predetermmed tlweshold.

18,  The method accordmg to clam 13, fiwther conprsing cakulating, the relatrve heglt

based on the overhead view mmge.

19, The method accordmg to clam 13, fiwther comprsmg determming, by the controller,

a hitch heighi and a coupler beiglt based on the mage data.

20, The method accordmg to chin 19, fiwther comprismg calkoulatmg, the relative height

based on the hitch height and the coupler heiglt.
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