US 20200264607A1

a9y United States

12y Patent Application Publication o) Pub. No.: US 2020/0264607 A1

Smith et al. 43) Pub. Date: Aug. 20, 2020
(54) SYSTEMS AND METHODS FOR B6OR 25/04 (2006.01)
AUTOMATED OPERATION AND HANDLING B25J 9/16 (2006.01)
OF AUTONOMOUS TRUCKS AND B60D 1726 (2006.01)
TRAILERS HAULED THEREBY B60D 1/64 (2006.01)
B62D 13/06 (2006.01)
(71) Applicant: Qutrider Technologies, Inc., Golden, B62D 15/02 (2006.01)
CO (Us) B62D 33/02 (2006.01)
(72) Inventors: Andrew F. Smith, Bend, OR (US); Ba5G 69/00 (2006.01)
Lawrence S. Klein, Bend, OR (US); ¢2) Us. L
Stephen A. Langeliderfer: Bend, OR CPC ... GO05D 1/0061 (2013.01); B62D 63/08
(US); Vikas Bahl, Highlands Ranch, 1/0088 (2013.01); GOSD 1/0276 (2013.01);
CO (US); Mark H. Rosenblum, B60D 1/62 (2013.01); B60OL 58/12 (2019.02);
Denver, CO (US); Peter James, B60L 53/36 (2019.02); B62D 53/0821
Centennial, CO (US); Matthew S. (2013.01); B6OR 25/102 (2013.01); B60OR
Johannes, Catonsville, MD (US); Gary 25/04 (2013.01); B25J 9/1679 (2013.01);
Seminara, Golden, CO (US); Jeremy B60D 1/26 (2013.01); B60D 1/64 (2013.01);
M. Nett, Littleton, CO (US) GO05D 1/0231 (2013.01); B62D 13/06
(21) Appl. No.: 16/864,436 (2013.01); B62D 15/0285 (2013.01); B62D
) 33/0222 (2013.01); B65G 69/005 (2013.01);
(22) Filed: May 1, 2020 GO5D 1/0225 (2013.01); EO5Y 2900/516
Related U.S. Application Data (2013.01); EO5Y 2900/531 (2013.01); B6OL
(63) Continuation of application No. 16/282,279, filed on 2200/36 (2013.01); E0SC 17/02 (2013.01)
Feb. 21, 2019. (57) ABSTRACT
(60) Provisional application No. 62/715,757, filed on Aug. A system and method for operation of an autonomous
7, 2018, provisional application No. 62/681,044, filed vehicle (AV) yard truck is provided. A processor facﬂlta.tes
on Jun. 3, 2018, provisional application No. 62/633, autonomous movement of the AV yard truck, and connection
183, filed on Feb. 21, 2018. to and disconnection from trailers. A plurality of sensors are
A . . interconnected with the processor that sense terrain/objects
Publication Classification L . . . . .
and assist in automatically connecting/disconnecting trail-
(51) Int. CL ers. A server, interconnected, wirelessly with the processor,
GO5D 1/00 (2006.01) that tracks movement of the truck around and determines
E05C 17/02 (2006.01) locations for trailer connection and disconnection. A door
E05B 81/54 (2006.01) station unlatches/opens rear doors of the trailer when adja-
GO5D 1/02 (2006.01) cent thereto, securing them in an opened position via
B60D 1/62 (2006.01) clamps, etc. The system computes a height of the trailer,
B60OL 58/12 (2006.01) and/or if landing gear of the trailer is on the ground and
B60OL 53/36 (2006.01) interoperates with the fifth wheel to change height, and
B62D 53/08 (2006.01) whether docking is safe, allowing a user to take manual
BG6OR 25/25 (2006.01) control, and optimum charge time(s). Reversing sensors/
BG6OR 25/23 (2006.01) safety, automated chocking, and intermodal container orga-
B60OR 25/102 (2006.01) nization are also provided.

G306
s

920

314




Patent Application Publication  Aug. 20,2020 Sheet 1 of 80 US 2020/0264607 A1

110
/

?Q o ° \\ =2

)

; o o N \\

P %a % \ ' E

o g0 © g 160 / |

Po® o ° . e s e o1 |

o o | Server [Tﬁaial. .. |

5%00 co © ,// e v e e v e e e |

o 9 "‘g 120 i

i o

© 00 ™ ¢ |

0 ® M Em == [pm R |

50 o o JUUNUUVUVRE |

.. N T . |

: . : ] Y . j
ol\ — |
AN — e

\ S —
'\‘\ [ i
\\ P i

4 |
EEEEEHEEB EE HE _EHE |
&

150

FIG. 1



US 2020/0264607 Al

Aug. 20,2020 Sheet 2 of 80

Patent Application Publication

j o 0
gol ﬁ LD I G

!

ﬁ/ an— ﬂum.“&.\.,.wmm&w. B
m S ETE PUR
gie "r_o,accw,“
_ ,ﬂ/m....itt

SIOSUBS WOl




Patent Application Publication  Aug. 20,2020 Sheet 3 of 80 US 2020/0264607 A1

=

."""“"E Dadhahaahaie}

Control |

i

and |
H . i
receiver
N S




Patent Application Publication  Aug. 20,2020 Sheet 4 of 80 US 2020/0264607 A1

Wireless dala

o P

! ;
- Contrat,

- | oand
o freceiver
470~
kY
-y £xd

FIG. 4



Patent Application Publication  Aug. 20,2020 Sheet 5 of 80 US 2020/0264607 A1




Patent Application Publication  Aug. 20, 2020 Sheet 6 of

80

FIG. 6

US 2020/0264607 Al

520



Patent Application Publication  Aug. 20,2020 Sheet 7 of 80 US 2020/0264607 A1




Patent Application Publication  Aug. 20,2020 Sheet 8 of 80 US 2020/0264607 A1

T
“““““““““““““““““ 5 2 2 ~w//”’“"
,,,,,, 504 .|
- .l
e 53 4 N
o 532 <,
> 820
i
g0 11 810
842 :
542 812
% Lol
)
502

FIG. 8



Patent Application Publication  Aug. 20,2020 Sheet 9 of 80 US 2020/0264607 A1

) i
! L 892 894
870 890

FIG. 8A



Patent Application Publication  Aug. 20, 2020 Sheet 10 of 80  US 2020/0264607 A1




Patent Application Publication  Aug. 20, 2020 Sheet 11 of 80  US 2020/0264607 A1

a2 7 800

\/ S i-\ (’//
1912

||

i 944\ TH-020

= (o

-
1 — L

910

FIG. 10



Patent Application Publication  Aug. 20, 2020 Sheet 12 of 80  US 2020/0264607 A1

1100~ 1120 4440 ?3)’30

a0 2
Ty 1150 o) ,w,”W\\

y ?2401@30 1132
\ 1250

1120

FIG. 12



Patent Application Publication  Aug. 20, 2020 Sheet 13 of 80  US 2020/0264607 A1

11300




Patent Application Publication  Aug. 20, 2020 Sheet 14 of 80  US 2020/0264607 A1

FIG. 14A



Patent Application Publication  Aug. 20, 2020 Sheet 15 of 80  US 2020/0264607 A1

1510




Patent Application Publication  Aug. 20, 2020 Sheet 16 of 80  US 2020/0264607 A1

1820

1800
,

A-1810

1858 1858
1866 | 1866 }?856?8\;60
| 1866 Yt
Y /1@70 1870 1870 5//” S/
1870 — RS ) Qe N
1864 — Mobbobbbddoocbéboo oégégé éyﬁaoggdéotl\
185412 dgh et ;

— ! { H N
) DOGODCADQCDD | \ ooa 0OPOENOGo
R PTe099 o7 / A 24, poagees

L ’/ '\;:\,‘/ { ; 1/ i i ;7}\\,',/ i
ﬁ \i870 1870 . ?é?g..,lﬁ ~. 80 WB
1866 || | "Ly 11864
T 1854 ', 1866

FIG. 18

1800

1810
b




Patent Application Publication  Aug. 20, 2020 Sheet 17 of 80  US 2020/0264607 A1

/
1866 \\\ ,%/’//

SR
58 B

71854 s

S 1852 1870 1 8{{,

FIG. 20



US 2020/0264607 Al

Aug. 20,2020 Sheet 18 of 80

S/

2ILE 001z -

Patent Application Publication



Patent Application Publication  Aug. 20, 2020 Sheet 19 of 80  US 2020/0264607 A1

Contraller

278




Patent Application Publication  Aug. 20, 2020 Sheet 20 of 80  US 2020/0264607 A1

FIG. 24



Patent Application Publication  Aug. 20, 2020 Sheet 21 of 80  US 2020/0264607 A1

\ 2510 t
|




Patent Application Publication  Aug. 20, 2020 Sheet 22 of 80  US 2020/0264607 A1

| 2620
2664 - L2622

26&2"1‘..’_‘;‘5 ------- | Tl byt
T \; ::_ l 26??”" 2648 - 2658
J 4] ~2s00 2610

2672 0 1y — 2630

A 2848




Patent Application Publication  Aug. 20, 2020 Sheet 23 of 80  US 2020/0264607 A1

2682
|-2676
A 2670

At 26878
2082
/12680

2674

FIG. 26A



Patent Application Publication  Aug. 20, 2020 Sheet 24 of 80  US 2020/0264607 A1

FIG. 27



Patent Application Publication  Aug. 20, 2020 Sheet 25 of 80  US 2020/0264607 A1

2822
/
2830 7

\
TN

Contzroiier
¢
2860

FIG. 28



Patent Application Publication  Aug. 20, 2020 Sheet 26 of 80  US 2020/0264607 Al

o e

2869 zégy

FIG. 28A

28\70 2888
- {
) \

2869
2860\ |
Y [iControlter

2868}y ( _Toges T
e > Eagt® - 2884 {2865

2867 -7 3l 2863 | i
I —U , . / N\

| l‘ i
2866 2872 ope2

FIG. 28B



Patent Application Publication  Aug. 20, 2020 Sheet 27 of 80  US 2020/0264607 A1

2882

{
| 2884 2881
L B - /

FIG. 28C



US 2020/0264607 Al

Aug. 20, 2020 Sheet 28 of 80

Patent Application Publication

6¢ 9Ol

2888/0S62 8PEC/OvEE a4 TALA T
ORBSIBYPUSING umop/dn ybuaeT
' | Josuas | | || iosues || JOSUBS
|| uosod | _ || UoHiSOd | _ P uUdHISOd |
w " seaw | W sgow | sesu
|| joempe || -sod || oenpe N -s0d | oempoe N -sod
M jeaur m m Jesur m 12O
w ] LT
: Y - PLLD .\\_H U m \...‘....M,fugo T T opwio
o S ,/,, J ﬁ.\ s \\\
4 ovee ~—0LBC
\.4
0585501 {10}s8000id . _ ai msgcwm,méﬁm _{{nen/adD)
LUBISAS UDISIA ) UODSULIOD PUBLARLICT W eam-Ag
/ }
M, J
4 Emgawsmmms £ m ,,.__ [ .\
UG Jeheul 2i6g
| abury { 0c6e
youms Japuy
amssaud shues gisen
JRUWNBU Jase] N
) N S 0062
0968 om,mm




Patent Application Publication  Aug. 20, 2020 Sheet 29 of 80  US 2020/0264607 A1

3000
N
30::)2 Start 30}04
. -
Preconditions Command fransmission o -
¢ The autonomy system on the truck FORWARD
connects the terminal tractor to the
trailer kingpin e
The terminal tractor is in a state ls transmission in
where: FORWARD? _
e No throttle is applied T T 3006
e Full service brakes are applied Yes 3008
» The steering wheel is pointed Fully release service brakes e
straight ahead, and
e No air is supplied to the trailer
brakes No
// .
" Are service brakes
fully released?
// ~~~~~~~~~ 3010
Yes
Move the terminal tractor forward
by applying a preset throttle effort] ™ 3012
3014
Forward //’l
movement profite
of tractor-trailar
3022 Yes combination

matches the
forward movent
profile of the

ya
e

, y
Automonaus truck tug test failed
as tractor failed to properly
connect with the traller

¥
Stop the tractor by fully releasing Autonomous truck tug test |
throttle and fully applying the succasshul ~— 3018
service brakes
. E »{ End  )~__ 3020

i
3024

FIG. 30



Patent Application Publication  Aug. 20, 2020 Sheet 30 of 80  US 2020/0264607 A1

3030 032
Single Tug Test 3;/,/3
R < Start > 3034 Precondition
N ® The tractor has backed up to
! : hitch the trailer, such that
Prepare for tug test: at

X system beligves the trailer's
& tApptiy service brakes on the Kingpin has been inserted into
ractor

the tractor's fifth whes! hilch
e Command FNR o FORWARD
& Release throtlle/propulsion

e No airline {emergency or
service brakes) connection
have been made to the trailer.

8 The tractor is stationary,
with service brakes applied.

3036

MWS met?

e Tractor is stationary
{zero speed)
FNR is in FORWARD

/

3038

Alternpt movement

& Note navigation data (e.g position, odomster)

& Apply throttle/propulsion profile {(X%throttle/
propulsion for Y seconds of duration)

¢ Note final navigation data

3040 3042
N {
“"Dhd Tractor move? D

{check navigation dala) Tug Test Faiied>

3046

AN

urthatched?

Tug'?est?aﬂeé)
{check state of hitch)

Tug Test >

FPassed
FIG. 30A




Patent Application Publication

\\
//{Jmes hitch report

kingpin inserted?

YES

Aug. 20,2020 Sheet 31 of 80  US 2020/0264607 Al

MultipleTug Test

3054

Tug'?estFaﬂeé)

3056 ~ Perform
"Single Tug Test"
{intiat)

¥

3088 ~ [ Raise Fifth
Wheel
by Small

Distance X

sSupply traller air
ePark tractor
eRelease service brakes
s Raise trailer {o driving height
eOptionally pull slightly
forward to move away
from dock

k

3060 ~ Perform
"Single Tug Test”
{intermeditate)

- 3006
Remove trailer air supply

1

3062 -~ | Make trailer air

and electrical
connection

3068
Perform "Single Tug
Teast” (Final)

( End )»/"" 3676

FIG. 308



Patent Application Publication  Aug. 20, 2020 Sheet 32 of 80  US 2020/0264607 A1

3100
/
¥
/M
ACME TRUCKING
3110
3120 3122
o -4»\-—- ¥ i e "‘i




SI0}ENIOE
UoOW

US 2020/0264607 Al
o
«
<
T

S804EY
& ]
s /
- pace
e
g 21ep
x LHOROW
m 88045)
Q J
= 4
N QLEe
=]
=
«
UieisAs
UOISIA
__\_
06ee
osee 1

o/ .
0Lz 0028

Patent Application Publication



US 2020/0264607 Al

Aug. 20, 2020 Sheet 34 of 80

Patent Application Publication

€€ Old

L-QLEE



Patent Application Publication  Aug. 20, 2020 Sheet 35 of 80  US 2020/0264607 A1

e

}
W
£
W
[N

/

T T

Vision

e

3472 — | system

3

]

Fine
i motion
3474 —7 data

3

3

Fine
motion

7
3476 actustors

FIG. 34



Patent Application Publication  Aug. 20, 2020 Sheet 36 of 80  US 2020/0264607 Al

3434 3440

3510 3520 330,00 3470 | 3432




Patent Application Publication  Aug. 20, 2020 Sheet 37 of 80  US 2020/0264607 A1

FIG. 36



Patent Application Publication  Aug. 20, 2020 Sheet 38 of 80  US 2020/0264607 Al

FIG. 36A



Patent Application Publication  Aug. 20, 2020 Sheet 39 of 80  US 2020/0264607 A1

- Unigue 3-D edge




Patent Application Publication  Aug. 20, 2020 Sheet 40 of 80  US 2020/0264607 A1

FIG. 38



Patent Application Publication  Aug. 20, 2020 Sheet 41 of 80  US 2020/0264607 A1




US 2020/0264607 Al

Aug. 20, 2020 Sheet 42 of 80

Patent Application Publication

4010

FIG. 40



Patent Application Publication

|

|

4022 4020

] \ \ 4018
| \\ ) }

| e, P

! fo §

| =

| o

{

Aug. 20,2020 Sheet 43 of 80

4010

US 2020/0264607 Al

DHITIQO O

[
DOOAC 000BQQVLT

catalal Hig

epeegeeyeepepepeperpepensspmyp

e’
3

FIG. 41



Patent Application Publication

Aug. 20, 2020 Sheet 44 of 80

US 2020/0264607 Al

[sXo 4]
hvd
e}
(o]

2
Fay

N T ER

FIG. 42



Patent Application Publication  Aug. 20, 2020 Sheet 45 of 80  US 2020/0264607 A1

4310
N A a0 | |
/
; S 4320 N
J .

I e b
| ’ 4380
| N
| 8 ’
[ 2

i 4410
i ll ‘ \\\\ i
; jas 4340 L
| 4360 4 :
| A /]~ 4330
1 ]
1L r""""""";" w . 4300 . M

s 2 Q @ N f ccina |
[WWAY o o 2 A 1T ]
1 O He @i lo 000 e s ® ® oo o@c©@<>§
1/ \g\g 0 @?‘@ \\\@ @ ——
@ ~—F o 808 @ © 0 @ ©logOY o ®o@ 8 |
i \‘l ¥ ¥ 3 I ,ﬁ’
i 4332
\
/




Patent Application Publication  Aug. 20, 2020 Sheet 46 of 80  US 2020/0264607 A1

FIG. 44



Patent Application Publication

Aug. 20,2020 Sheet 47 of 80

| Robot
4590 — | controller
Fine
1 sensing
4592 - system

FIG. 45

US 2020/0264607 Al



Patent Application Publication  Aug. 20, 2020 Sheet 48 of 80  US 2020/0264607 A1

| x
4670 ‘

4é74 4614

FIG.46A



Patent Application Publication  Aug. 20, 2020 Sheet 49 of 80  US 2020/0264607 A1

4730

4764

FIG. 47A



Patent Application Publication  Aug. 20, 2020 Sheet 50 of 80  US 2020/0264607 A1

- 4800

FIG. 48A



Patent Application Publication  Aug. 20, 2020 Sheet 51 of 80  US 2020/0264607 Al

4960 — |

4950 1]

FIG. 49



Patent Application Publication  Aug. 20, 2020 Sheet 52 of 80  US 2020/0264607 A1

FIG. 50



Patent Application Publication  Aug. 20, 2020 Sheet 53 of 80  US 2020/0264607 A1

5,§=50 51,%0 5140

FIG. 51



Patent Application Publication  Aug. 20, 2020 Sheet 54 of 80  US 2020/0264607 A1

5160 5180 5140

5124 —

FIG. 52



Patent Application Publication  Aug. 20, 2020 Sheet 55 of 80  US 2020/0264607 Al
. 5300
e
Connect system receives
connect command N 5310

5?18 . o 5312

i Trailer angle™s~

'\\ No provided? Yos

} y 1

Use camera color contrast Use geometry datato " 5314

i detect trailer face. detect trailer face.

{ {
Reduce search areato | 5320
bottom of trailer.
5326 el e 5322
: Use 3D . 5324
N sensing?
N No Yes S/
z ¥ y [
Locate areas with color samplings Locate areas with geometric

different than trailer face,

differences from trailer face.

{

!

f

Rank locations from highest {o lowest |

probability of gladhand presence.

S 5330

5334 -

5336 —.

!

Select o highest
probability location,

f

N 5332

Navigate manipulator within
reach of desired {ocations
using gross positioning
system

1 probability location.

Choaose next highest

!

inspect location using
camera for gladhand
presence.

Are gladhands

present?

To STEP -

FIG. 83

S 5350



Patent Application Publication  Aug. 20, 2020 Sheet 56 of 80  US 2020/0264607 A1

FROM STEP
5338

¥

Determine gladhand pose using

combination of color camera,
sterao camera,near IR camera, N

. ~— 5350

and laser rangefinder.

3
Use fine manipulation system S 5360
to position gladhand interface =
mechanism near gladhand. j

¥ g/
Back fine manipulation

5362 Engage gladhand using system away from
e interface mechanism. :
{railer.
A
3
Test proper gladhand e
connection. S 5370 5382

Retrieve interface
mechanism.

Connection
successiul?

// Connection )
\ complete. - A
S N 5390

FIG. 53A




Patent Application Publication  Aug. 20, 2020 Sheet 57 of 80  US 2020/0264607 A1

B
by
j
&3]
B
)
)

FIG. 54



Patent Application Publication  Aug. 20, 2020 Sheet 58 of 80  US 2020/0264607 A1

FIG. 55



Patent Application Publication  Aug. 20, 2020 Sheet 59 of 80  US 2020/0264607 Al




US 2020/0264607 Al

Aug. 20, 2020 Sheet 60 of 80

Patent Application Publication




Patent Application Publication  Aug. 20, 2020 Sheet 61 of 80  US 2020/0264607 A1

5810




Patent Application Publication  Aug. 20, 2020 Sheet 62 of 80  US 2020/0264607 A1

5910

FIG. 59



Patent Application Publication  Aug. 20, 2020 Sheet 63 of 80  US 2020/0264607 Al




Patent Application Publication  Aug. 20, 2020 Sheet 64 of 80  US 2020/0264607 Al




Patent Application Publication  Aug. 20, 2020 Sheet 65 of 80  US 2020/0264607 Al

FIG. 62



Patent Application Publication  Aug. 20, 2020 Sheet 66 of 80  US 2020/0264607 Al




Patent Application Publication  Aug. 20, 2020 Sheet 67 of 80  US 2020/0264607 A1

FIG. 64



Patent Application Publication  Aug. 20, 2020 Sheet 68 of 80  US 2020/0264607 Al




Patent Application Publication  Aug. 20, 2020 Sheet 69 of 80  US 2020/0264607 Al

FIG. 66



Patent Application Publication  Aug. 20, 2020 Sheet 70 of 80  US 2020/0264607 A1




Patent Application Publication  Aug. 20, 2020 Sheet 71 of 80  US 2020/0264607 A1




Patent Application Publication  Aug. 20, 2020 Sheet 72 of 80  US 2020/0264607 A1

6786 6770 8750

{

- 8780

FIG. 69



US 2020/0264607 Al

Aug. 20,2020 Sheet 73 of 80

Patent Application Publication

zels  OELL Oy 0L 0£0.

30$8$900Ud

3ibuy

0888901

OLOL )

0004



VL Old

US 2020/0264607 Al

Aug. 20,2020 Sheet 74 of 80

0004

Patent Application Publication



Patent Application Publication  Aug. 20, 2020 Sheet 75 of 80  US 2020/0264607 A1




Patent Application Publication  Aug. 20, 2020 Sheet 76 of 80  US 2020/0264607 Al

O

o~ S\ 7320

A
N 7112 7134 7136

wwwww Y e o e o o e e e
(N s e
| i
{
i WP |
~~~~~~ N 7130 ;
- - |
i TS 20 S| s s B ST
~7T110 h_
-~ 7020

FIG. 73



US 2020/0264607 Al

Aug. 20,2020 Sheet 77 of 80

Patent Application Publication

Ze1L

0L

vl 9Old

0LOL —m

¥

109128p
LdBug—
08882014




US 2020/0264607 Al

Aug. 20, 2020 Sheet 78 of 80

Patent Application Publication

A
ZELL  OELL / AN 0£0L

o

M

[ R

\ ) _ \
SISt WA o8 W AN 0EvL / 2204 _‘

4//1
0P L



Patent Application Publication  Aug. 20, 2020 Sheet 79 of 80  US 2020/0264607 A1

7662 7660
ot T T T

s

- /
- AN
-~ s P
e [ { ™~
4 ° 7612 """ 7610 ™
J/ ™~
< @- )
~ P
S 55 7620 -
/
\ 9 © o coo00 o
Ng P 7650
7652~ /
™~ -
7022

FIG. 76



Patent Application Publication  Aug. 20, 2020 Sheet 80 of 80 US

7700~

N

Acquire image(s) of trailer front with {(e.9.) lidar device

and segregate found points into groups

Search for three adjacent but discrete groups and

shorter and closer to sensor

No Candidate group

7782
x\

tric found? 7730

//

@

Report position of kingpin as average of middle group
poinis

Report kingpin height

Transform Kingpin coordinates from sensor coordinate
space {0 vehicle/navigation coordinate space and slore

2020/0264607 A1

7710

flanking groups are relatively flat and middie group is ~_ 772p

7740

- 7750

- 7760

Compare kingpin coordinates from step 89660 to
previously stored (if any) kingpin coordinates

7770

Append to previously

stored kingpin

k value
coordinates

| Increment confidence

7784

|

Priortize st of kingpin coordinates based on
accumulated confidence/vehicle proximity

- F790

Output highest priorty

7702

FIG. 77



US 2020/0264607 Al

SYSTEMS AND METHODS FOR
AUTOMATED OPERATION AND HANDLING
OF AUTONOMOUS TRUCKS AND
TRAILERS HAULED THEREBY

RELATED APPLICATIONS

[0001] This application is a continuation of co-pending
U.S. patent application Ser. No. 16/282,279, filed Feb. 21,
2019, entitled SYSTEMS AND METHODS FOR AUTO-
MATED OPERATION AND HANDLING OF AUTONO-
MOUS TRUCKS AND TRAILERS HAULED THEREBY,
which claims the benefit of co-pending U.S. Provisional
Application Ser. No. 62/633,185, entitled SYSTEMS AND
METHODS FOR AUTOMATED OPERATION AND
HANDLING OF AUTONOMOUS TRUCKS AND TRAIL-
ERS HAULED THEREBY, filed Feb. 21, 2018, co-pending
U.S. Provisional Application Ser. No. 62/681,044, entitled
SYSTEMS AND METHODS FOR AUTOMATED
OPERATION AND HANDLING OF AUTONOMOUS
TRUCKS AND TRAILERS HAULED THERERY, filed
Jun. 5, 2018, and co-pending U.S. Provisional Application
Ser. No. 62/715,757, entitled SYSTEMS AND METHODS
FOR AUTOMATED OPERATION AND HANDLING OF
AUTONOMOUS TRUCKS AND TRAILERS HAULED
THEREBY, filed Aug. 7, 2018, the entire disclosure of each
of which applications is herein incorporated by reference.

FIELD OF THE INVENTION

[0002] This invention relates to autonomous vehicles and
more particularly to autonomous trucks and trailers therefor,
for example, as used to haul cargo around a shipping facility,
a production facility or yard, or to transport cargo to and
from a shipping facility, a production facility or yard.

BACKGROUND OF THE INVENTION

[0003] Trucks are an essential part of modern commerce.
These trucks transport materials and finished goods across
the continent within their large interior spaces. Such goods
are loaded and unloaded at various facilities that can include
manufacturers, ports, distributors, retailers, and end users.
Large over-the road (OTR) trucks typically consist of a
tractor or cab unit and a separate detachable trailer that is
interconnected removably to the cab via a hitching system
that consists of a so-called fifth wheel and a kingpin. More
particularly, the trailer contains a kingpin along its bottom
front and the cab contains a fifth wheel, consisting of a pad
and a receiving slot for the kingpin. When connected, the
kingpin rides in the slot of the fifth wheel in a manner that
allows axial pivoting of the trailer with respect to the cab as
it traverses curves on the road. The cab provides power
(through (e.g.) a generator, pneumatic pressure source, etc.)
used to operate both itself and the attached trailer. Thus, a
plurality of removable connections are made between the
cab and trailer to deliver both electric power and pneumatic
pressure. The pressure is used to operate emergency and
service brakes, typically in conjunction with the cab’s own
(respective) brake system. The electrical power is used to
power (e.g.) interior lighting, exterior signal and running
lights, lift gate motors, landing gear motors (if fitted), etc.
[0004] Throughout the era of modern transport trucking,
the connection of such electrical and pneumatic lines, the
raising and lowering of landing gear, the operation of rear
swing doors associated with trailers, and vehicle inspections

Aug. 20, 2020

have been tasks that have typically been performed manu-
ally by a driver. For example, when connecting to a trailer
with the cab, after having backed into the trailer so as to
couple the truck’s fifth wheel to the trailer’s kingpin, these
operations all require a driver to then exit his or her cab.
More particularly, a driver must crank the landing gear to
drop the kingpin into full engagement with the fifth wheel,
climb onto the back of the cab chassis to manually grasp a
set of extendable hoses and cables (carrying air and electric
power) from the rear of the cab, and affix them to a
corresponding set onto related connections at the front of the
trailer body. This process is reversed when uncoupling the
trailer from the cab. That is, the operator must climb up and
disconnect the hoses/cables, placing them in a proper loca-
tion, and then crank down the landing gear to raise the
kingpin out of engagement with the fifth wheel. Assuming
the trailer is to be unloaded (e.g. after backing it into a
loading dock), the driver also walks to the rear of the trailer
to unlatch the trailer swing doors, rotate them back 270
degrees, and (typically) affix each door to the side of the
trailer. With some trailer variations, rear doors are rolled up
(rather than swung), and/or other action is taken to allow
access to cargo. Other facilities, such as loading dock
warning systems, chocks which prevent trailers from rolling
unexpectedly and trailer-to-dock locking mechanisms rely
upon human activation and monitoring to ensure proper
function and safety. Similar safety concerns exist when
trucks and trailers are backing up, as they exhibit a substan-
tial blind spot due to their long length and large width and
height.

[0005] Further challenges in trucking relate to intermodal
operations, where yard trucks are used to ferry containers
between various transportation modalities. More particu-
larly, containers must be moved between railcars and trailers
in a railyard in a particular order and orientation (front-to-
rear facing, with doors at the rear). Likewise, order and
orientation is a concern in dockyard operations where con-
tainers are removed from a ship.

[0006] A wide range of solutions have been proposed over
the years to automate one or more of the above processes,
thereby reducing the labor needed by the driver. However,
no matter how effective such solutions have appeared in
theory, the trucking industry still relies upon the above-
described manual approach(es) to connecting and discon-
necting a trailer to/from a truck tractor/cab.

[0007] With the advent of autonomous vehicles, it is
desirable to provide further automation of a variety of
functions that have been provided manually out of tradition
or reasonable convenience.

SUMMARY OF THE INVENTION

[0008] This invention overcomes disadvantages of the
prior art by providing systems and methods for connecting
and disconnecting trailers from truck cabs (tractors) that
enhance the overall automation of the process and reduce the
need for human intervention therewith. These systems and
methods are particularly desirable for use in an autonomous
trucking environment, such as a shipping yard, port, manu-
facturing center, fulfillment center and/or general warehouse
complex, where the operational range and routes taken by
hauling vehicles are limited and a high density of are moved
into, out of and around the facility. Such trailers typically
originate from, and are dispatched to, locations using over-
the-road cabs or trucks (that can be powered by diesel,
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gasoline, compressed gas other internal-combustion-based
fuels, and/or electricity in a plug-in-charged and/or fuel/
electric hybrid arrangement). Cabs or trucks within the
facility (termed “yard trucks™) can be powered by electricity
or another desirable (e.g. internal combustion) fuel source—
which can be, but is not limited to, clean-burning fuel, in
various implementations.

[0009] In order to facilitate substantially autonomous
operation of yard trucks (herein referred to as “autonomous
vehicle”, or “AV” yard trucks), as well as other AV trucks
and hauling vehicles, various systems are automated. The
systems and methods herein address such automation. By
way of non-limiting example, the operation of hitching,
including the connection of brake/electrical service to a
trailer by the truck is automated. Additionally, unlatching
and opening of trailer (e.g. swing) doors is automated.
Identification of trailers in a yard and navigation with
respect to such trailers is automated, and safety mechanisms
and operations when docking and undocking a trailer are
automated. Access to the truck by a user can be controlled,
and safety tests can be performed in an automated manner—
including but not limited to a tug test that ensures a secure
hitch. Likewise, the raising of the fifth wheel and verifica-
tion that the trailer landing gear has disengaged the ground
is automated.

[0010] In an embodiment, connection of at least the emer-
gency brake pneumatic lines is facilitated by an interengag-
ing connection structure that consists of a cab-mounted,
conical or tapered guide structure located on the distal end
of a manipulator or extension and a base connector located
on the front face/wall of the trailer body having a corre-
sponding receptacle shaped and arranged to center and
register the cab guide structure so that, when fully engaged,
the air connection between the cab and the trailer is complete
and (at least) the emergency brakes can be actuated via
pressure delivered from the cab. In a further embodiment,
the cab-mounted guide structure can be adapted to include
one or more electrical connectors that engage to close the
power circuit between the cab and trailer. The connection
arrangement can also be adapted to interconnect the service
brake lines between the cab and the trailer. The connection
on the trailer can be provided using a mounting plate that is
removably (or permanently) attached to the front of the
trailer when it enters the facility using (e.g.) clamps that
engage slots on the trailer bottom. Alternatively, an interen-
gaging fabric (e.g. hook-and-loop, 3M Dual-Lock™) fas-
teners, magnetic sheet or buttons, etc., can be employed to
removably fasten the connection plate. The plate includes
the base connector and a hose with a fitting (e.g. a glad hand)
adapted to engage a standard hose fitting on the trailer.

[0011] In another embodiment, a pneumatically or hydrau-
lically extendable (telescoping) arm is affixed behind the cab
of the yard truck on a linear actuator that allows lateral
movement. In addition, a second smaller pneumatic/hydrau-
lic piston is affixed to the base and the bottom of the larger
arm, allowing the arm to raise and lower. At the end of the
arm is a vertical pivot or wrist (for vertical alignment) with
an electrically actuated gripping device or hand, that can
hold (and retrieve) a coupling device which is deployed onto
the trailer to a corresponding shaped receiving receptacle.
The coupling devise also has one (or more) side-mounted
air-hose(s) that deliver the air pressure from the yard truck
for connection to the trailer. An integrated power (and
communications line) is paired with the air-hose, allowing
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for the actuation of a collar (lock) on a standard hose fitting
to pair the coupling device to the receiving receptacle. In
addition, the electrical power that is delivered via the
coupling devise could also provide power to the trailer
systems (as described above). In order to assist with the
arm’s autonomous ranging and alignment, a camera and
laser-ranging device are also mounted on the gripping
mechanism or hand. Once the hand delivers the coupling
device (with associated air-hose and electrical connection)
to the receiving receptacle and a positive air connection is
detected, the grip release is actuated and the coupling
remains with the receiving receptacle, as the arm is retracted
back towards the cab for trailer clearance purposes. The
receiving receptacle on the trailer can be mounted in a
preferred available location on the front face of the trailer by
the use of an interengaging fabric tape or sheet—such as
industrial grade hook-and-loop material and/or Dual-
Lock™ recloseable fasteners, or similar (e.g. magnetic
sheets), as a removably attached device when onsite (or
permanently affixed). The receiving receptacle is also
marked with an identifying bordering pattern that the asso-
ciated ranging/locating software can use to orient the arm
and align the coupling device.

[0012] In another embodiment, in place of the extendable
arm and secondary piston, two additional linear actuators are
mounted, in a cross-formation onto the base linear actuator,
which now runs in orientation along the length of the truck’s
frame. This results in the ability of the three linear actuators
to move, in-concert, in the orthogonal X, Y, and Z-axis
dimensions. The linear actuator that is cross-mounted on the
vertical linear actuator still retains the electrically actuated
gripping device or hand, as described above.

[0013] A system and method for operation of an autono-
mous vehicle (AV) yard truck in a yard environment is
provided. A processor facilitates autonomous movement of
the AV yard truck, substantially free of human user control
inputs to onboard controls of the truck, and connection to
and disconnection from trailers in the yard. A plurality of
sensors are interconnected with the processor that sense
terrain and objects in the yard and assist in automatically
connecting to and disconnecting from the trailers. A server
(and/or yard management system (YMS)) is interconnected,
wirelessly with the processor, and tracks movement of the
AV yard truck around the yard. It determines locations for
connecting to and disconnecting from the trailers. Illustra-
tively, a connection mechanism connects a service line
between one of the trailers and the AV yard truck when the
AV vyard truck and trailer are hitched (connected) and
disconnects the service line when the AV yard truck and
trailer are unhitched (disconnected). The service line can
comprise at least one of an electrical line, an emergency
brake pneumatic line and a service brake pneumatic line.
The connection mechanism can include a robotic manipu-
lator that joins a connector on the AV yard truck to a
receiving connector on the trailer. Also, the receiving con-
nector can comprises a receptacle that is removably attached
to the trailer with a clamping assembly or a receptacle that
is removably attached to the trailer with an interengaging
fabric-type fastener (or other types of fasting mechanisms).
Tlustratively, the processor can communicate with a tug-test
process that, when the truck is hitched to the trailer, auto-
matically determines whether the trailer is hitched, more
particularly by applying motive power to the truck and
determining load on the truck thereby.
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[0014] In an embodiment, a system and method for auto-
matically connecting at least one service line on a truck to
a trailer is provided. A receiver on the trailer is permanently
or temporarily affixed thereto. The receiver is interconnected
with at least one of a pneumatic line and an electrical line.
A coupling is manipulated by an end effector of a robotic
manipulator to find and engage the receiver when the trailer
is brought into proximity with, or hitched to, the truck. A
processor, in response to a position of the receiver, moves
the manipulator to align and engage the coupling with the
receiver so as to complete a circuit between the truck and the
trailer. The end effector can be mounted on at least one of (a)
a framework moving along at least two orthogonal axes and
having a rearwardly extending arm, (b) a multi-degree-of-
freedom robot arm, and (c) a linear-actuator-driven arm with
pivoting joints to allow for concurrent rearward extension
and height adjustment. The linear-actuator-driven arm can
be mounted on a laterally moving base on the truck chassis.
A pivoting joint attached to the end effector can include a
rotary actuator to maintain a predetermined angle in the
coupling. The coupling can include an actuated, quick-
disconnect-style fitting adapted to selectively and sealingly
secure to a connector in the receptacle. The actuated, quick-
disconnect-style fitting can comprise a magnetic solenoid
assembly that selectively and slidably opens and allows
closure of the quick-disconnect-style fitting in response, to
application of electrical current thereto. A tensioned cable
can be attached to the coupling and a pneumatic line can be
attached to the truck brake system. The brake system can
comprise at least one of a service brake and an emergency
brake. An electrical connection can be provided on the
coupling attached to the truck electrical system. Illustra-
tively, the receptacle is removably attached to a front face of
the trailer by at least one of an interengaging fabric material,
fasteners, clamps and magnets.

[0015] In an embodiment, a retrofit kit for the trailer is
provided, which includes a Y-connector assembly for at least
one of a trailer pneumatic line and a trailer electrical line, the
Y-connector assembly connects to both a conventional ser-
vice connector and the receiver. The Y-connector assembly
can be operatively connected to a venting mechanism that
selectively allows one of the coupling and the conventional
service connector to vent. The conventional service connec-
tor can comprises a glad hand.

[0016] In an embodiment, a system and method for oper-
ating an autonomous truck with respect to a trailer is
provided. A vehicle-based processor communicates with a
tug-test process that, when the truck is hitched to the trailer,
automatically determines whether the trailer is hitched by
applying motive power to the truck and determining load on
the truck thereby.

[0017] In an embodiment, a system and method for han-
dling a trailer with a truck in a manner that is free of service
connections between a pneumatic brake system of the truck
and a brake system of the trailer is provided. A pressurized
air canister is removably secured to the trailer, and con-
nected to the brake system thereof. The arrangement
includes a valve, in line with the canister, which is actuated
based upon a signal from the truck to release the brake
system. [llustratively, the truck is an autonomous truck, and
the signal is transmitted wirelessly from a controller of the
truck. More particularly the truck can be an AV yard truck,
and the canister can be adapted to be attached to the trailer
upon delivery of the trailer to a yard, by (e.g.) an OTR truck.

Aug. 20, 2020

[0018] In an embodiment, a system and method for locat-
ing a glad hand connector on a front face of a trailer
comprises a gross sensing system that acquires at least one
of' a 2D and a 3D image of the front face, and searches for
glad hand-related image features. The gross sensing system
locates features having a differing texture or color from the
surrounding image features after identifying edges of the
trailer front face in the image. The gross sensing system can
include a sensor located on a cab or chassis of an AV yard
truck. A fine sensing system, located on an end effector of a
fine manipulator, can be moved in a gross motion operation
to a location adjacent to a location on the front face
containing candidate glad hand features. The fine sensing
system can includes a plurality of 2D and/or 3D imaging
sensors. The fine manipulator can comprise a multi-axis
robotic arm mounted on a multi-axis gross motion mecha-
nism. The gross motion mechanism can comprise a plurality
of linear actuators mounted on the AV yard truck that move
the fine manipulator from a neutral location to the location
adjacent to the glad hand candidate features. Illustratively,
the gross motion mechanism comprises a piston driven,
hinged platform mounted on the AV yard truck that moves
the fine manipulator from a neutral location to the location
adjacent to the glad hand candidate features. The fine
manipulator can be servoed based upon feedback received
from the fine sensing system relative to the glad hand
imaged thereby. Illustratively, the fine sensing system
locates a trained feature on the glad hand to determine pose
thereof. The feature can be at least one of the annular glad
hand seal, an outline edge of a flange for securing the glad
hand, and a tag attached to the glad hand. The tag can
include a fiducial matrix that assists in determining the pose.
The tag can be located on a clip attached to a raised element
on the glad hand. The feature can include a plurality of
identification regions on a gasket seal of the glad hand.

[0019] Inan embodiment, a system and method for attach-
ing a truck based pneumatic line connector to a glad hand on
a trailer using a manipulator with an end effector that
selectively engages and releases the connector includes a
clamping assembly that selectively overlies an annular seal
of the glad hand, and that sealingly clamps the connector to
the annular seal. The clamping assembly can be at least one
of an actuated clamp and a spring-loaded clamp. Illustra-
tively, the spring-loaded claim is normally closed and is
opened by a gripping action of the end effector. The actuated
clamp includes one of (a) a pivoting pair of clamping
members and (b) a sliding clamping member.

[0020] Inan embodiment, a system and method for attach-
ing a truck based pneumatic line connector to a glad hand on
a trailer, using a manipulator with an end effector that
selectively engages and releases the connector, includes a
probe member containing a pressure port, which inserts into,
and becomes lodged in, an annular seal of the glad hand
based upon a placement motion of the end effector. The
probe member can comprise one of (a) a frustoconical plug
that is releasable press fit into the annual seal, and (b) an
inflatable plug that selectively engages a cavity in the glad
hand beneath the annular seal and is inflated to become
secured therein. The frustoconical plug includes a circum-
ferential barb to assist in retaining against the annular seal.
[0021] Inan embodiment, a system and method for attach-
ing a truck-based pneumatic line connector to a trailer glad
hand on a trailer, using a manipulator with an end effector
that selectively engages and releases the connector, com-
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prises another glad hand that is secured to the trailer glad
hand in a substantially conventional manner. The other glad
hand include a quick-disconnect (universal) fitting that
receives the selectively connector from the end effector. A
corresponding, opposite-gender, fitting is carried by the end
effector to selectively connect and disconnect the universal
fitting.

[0022] In another embodiment, a system and method for
determining a relative angle of a trailer with respect to a
truck in a confronting relationship, in which the truck is
attempting to move in reverse to hitch to the trailer is
provided. A spatial sensing device is located to face rearward
on the truck, the sensing device oriented to sense space
beneath an underside of the trailer. A processor identifies and
analyzes data points generated by the sensing device with
respect to at least one of landing gear legs of the trailer and
wheel sets of the trailer, and thereby determines the relative
angle. The sensing device can comprise a high-resolution
LIDAR device that generates points, and associated groups
of points (e.g. 3D point clouds), using projected rings of
structured light. The processor identifies point groups/
clouds, and compares the point groups to expected shapes
and locations of the landing gear legs. If one of the landing
gear legs is occluded, then the processor is adapted to
estimate a location of the occluded landing gear leg to
determine the relative angle. The processor is also adapted
to locate and analyze a shape and position of the wheel sets
to, at least one of, (a) confirm a determination of the relative
angle based on the landing gear legs and (b) determine the
relative angle independently where analysis the landing gear
legs is unavailable or inconclusive. The processor can be
arranged to determine a location of a kingpin of the trailer.

[0023] In an embodiment, a system and method for deter-
mining a relative location of a kingpin of a trailer with
respect to a truck in a confronting relationship, in which the
truck is attempting to move in reverse to hitch to the trailer,
is provided. A spatial sensing device is located to face
rearward on the truck. The sensing device is oriented to
sense space beneath an underside of the trailer. A processor
identifies and analyzes data points (e.g. 3D point clouds)
generated by the sensing device with respect to at least one
of the kingpin, landing gear legs of the trailer and wheel sets
of'the trailer so as to, thereby, determine the relative location
of the kingpin. Illustratively, the sensing device is a high-
resolution LIDAR device that generates the points/point
clouds using projected rings of structured light. The proces-
sor identifies point groups/clouds and compares the point
groups/clouds to expected shapes and locations of the king-
pin and landing gear legs. The processor can be arranged to
iteratively image with the LIDAR device and locate groups
of points that represent the expected locations. The proces-
sor thereby provides the relative location of the kingpin in
response to a confidence value above a predetermined
threshold.

[0024] In an embodiment, a system for interconnecting an
airline between an autonomous truck and a trailer can
include an adapter that is mounted with respect to a trailer-
side airline and directs pressurized air therethrough, the
adapter having at least one glad hand connection thereon,
and a manipulator that carries and moves a connection tool
into and out of engagement with the adapter, the connection
tool being interconnected with a truck-side airline for deliv-
ering the pressurized air to the adapter when engaged
therewith and the manipulator being arranged to selectively
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release from the tool when the tool is engaged to the adapter.
Ilustratively, the adapter can include a glad hand connection
that engages a glad hand connection attached to the trailer-
side airline and the adapter can include a quick-disconnect
fitting that engages anactuable quick disconnect on the tool.
The quick disconnect can be actuated by at least one of a
pulling motion and a powered actuator assembly. The
adapter can include a truck-side glad hand connection and a
shuttle valve that selectively routes the pressurized air from
either the truck side glad hand connection or the quick
disconnect fitting. The tool can include guide structures to
enable alignment with the adapter during engagement ther-
ebetween. The guide structures can include at least one of
guide pins, vanes, slots, and keyways. The tool can include
a screw-driven clamp that selectively engages a truck-side
glad hand connection and a guide pin that is arranged to
engage one of a plurality of keyways at different rotational
orientations about an axis of the truck-side glad hand
connection. The adapter can include a fiducial that can
identify and assist in orienting the manipulator, based upon
an operatively connected vision system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention description below refers to the
accompanying drawings, of which:

[0026] FIG. 1 is a diagram showing an aerial view of an
exemplary shipping facility with locations for storing, load-
ing and unloading trailers used in conjunction with the AV
yard truck arrangements provided according to a system and
method for handling trailers within a yard;

[0027] FIG. 2 is a perspective view of a fuel-powered AV
yard truck for use in association with the system and method
herein;

[0028] FIG. 3 is a rear-oriented perspective view of an
electrically powered AV yard truck for use in association
with the system and method herein, showing service con-
nections (e.g. pneumatic braking and electrical) thereof;
[0029] FIG. 4 is a rear-oriented perspective view of
another electrically powered AV yard truck, showing a truck
chassis raised fifth wheel thereof;

[0030] FIG. 5 is a partial, side-oriented perspective view
of a hitched AV yard truck and trailer showing a pneumatic
connection consisting of a truck-mounted probe and a
trailer-mounted receptacle according to an embodiment;
[0031] FIG. 6 is a partial top view of the hitched AV yard
truck and trailer of FIG. 5 showing the trailer turned at an
angle with respect to the truck so that the receptacle and the
probe located remote from each other;

[0032] FIG. 7 is a more detailed perspective view of the
probe and receptacle arrangement of FIG. 5, showing the
probe guided into the receptacle during a connection pro-
cess;

[0033] FIG. 8 is an exposed side view of the probe and
receptacle arrangement of FIG. 5 showing exemplary pneu-
matic connections for, e.g. the emergency braking circuit
between the AV yard truck and the trailer;

[0034] FIG. 8A is an exposed side view of an exemplary
probe and receptacle arrangement similar to that of the
arrangement of FIG. 5, including a plurality of electrical
contacts for interconnecting electrical service between the
AV vyard truck and the receptacle when the pneumatic
service is connected;

[0035] FIG. 8B is an exploded perspective view of an
air-connecting mechanism with actuating collar to lock the
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female connector (truck/coupling side) to the male connec-
tor (trailer/receiving side), according to another embodi-
ment;

[0036] FIGS. 8C-8E are side cross sections of the mecha-
nism of FIG. 8B showing a connection process for the
connecting and locking the female connector to the male
connector, respectively in a disconnected, connected and
locked state;

[0037] FIG.9is aside view of an exemplary AV yard truck
and trailer having a truck-mounted probe and trailer-
mounted receptacle for connecting (e.g.) pneumatic emer-
gency brake service, in which the probe is mounted on a
tensioned cable and spool assembly to allow for turning of
the trailer with respect to the truck, according to an embodi-
ment;

[0038] FIG. 10 is a more detailed side cross section of the
probe and receptacle arrangement, including cable and spool
assembly of FIG. 9;

[0039] FIG. 11 is a rear-oriented perspective view of an
AV yard truck and trailer in a hitched configuration showing
a truck-mounted probe and trailer-mounted receptacle for
connecting (e.g.) pneumatic emergency brake service, in
which the probe is mounted in connection with an adjacent
tensioned cable and spool assembly to allow for turning of
the trailer with respect to the truck, according to an embodi-
ment;

[0040] FIG. 12 is a more detailed side cross section of the
probe and receptacle arrangement, including cable and spool
assembly of FIG. 11;

[0041] FIG. 13 is a partial rear-oriented perspective view
of a trailer having a frustoconical receiver for a pneumatic
connection for use with an AV yard truck according to an
embodiment;

[0042] FIG. 14 is a more detailed perspective view of the
conical receiver of FIG. 13 showing an interconnected
bracket assembly allowing for selective attachment to and
detachment of the receiver from the trailer body;

[0043] FIG. 14A is perspective view of an illustrative
receiving receptacle with an interconnected pneumatic line/
air-hose that connects to the trailer pneumatic line’s existing
glad hand;

[0044] FIG. 15 is a perspective view showing a movable
clamp for allowing selective attachment and detachment of
the bracket;

[0045] FIG. 16 is a partial bottom view of the trailer of
FIG. 13 showing the insertion of the bracket end hook or
post into a slot in the trailer bottom;

[0046] FIG. 17 is a perspective view of a pneumatic
connection system for an AV truck and trailer, showing
frustoconical receiver or receptacle attached to a trailer and
a probe assembly with an inflatable ring for securing the
probe and receptacle together with a pressure-tight seal;
[0047] FIG. 18 is a front view of a removable plate for
mounting one or more receptacles for connection of pneu-
matic and/or electrical service on a trailer, including a pair
of bar-clamp-like brackets that engage a slot in the bottom/
underside of the trailer, according to an embodiment;
[0048] FIG. 19 is a side view of the plate and bracket
assembly of FIG. 18;

[0049] FIG. 20 is an exploded view of the plate and
bracket assembly of FIG. 18;

[0050] FIG. 21 is a bottom-oriented perspective view of a
trailer showing various operational components thereof,
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including an attached, plate and bracket assembly with
receptacle, according to FIG. 18;

[0051] FIG. 22 is a more detailed fragmentary perspective
view of the attached, plate and bracket assembly shown in
FIG. 21,

[0052] FIG. 23 is a top-rear-oriented perspective view of
a modified glad hand connector for use in forming pneu-
matic connections, according to various embodiments;
[0053] FIG. 24 is a bottom-front-oriented perspective
view of the modified glad hand of FIG. 23;

[0054] FIG. 25 is a side-oriented perspective view of the
modified glad hand of FIG. 23, shown secured to a conven-
tional glad hand (e.g. on trailer emergency brake line) with
the movable thumb clamp thereof engaged to the top of the
conventional glad hand body;

[0055] FIG. 26 is a rear perspective view of an AV yard
truck showing a multi-axis robot arm assembly for connect-
ing a truck pressure or electrical connector to a trailer
receptacle according to an embodiment;

[0056] FIG. 26A fragmentary perspective view of the rear
of an AV vyard truck having a three-axis (triple) linear
actuator adapted to deliver a coupler to a receiver according
to an embodiment;

[0057] FIG. 27 is a rear perspective view of an AV yard
truck showing a robotic framework and telescoping arm and
end effector assembly for connecting a truck pressure or
electrical connector to a trailer receptacle according to an
embodiment;

[0058] FIG. 28 is a fragmentary side view of a truck
chassis showing a multi-axis robotic arm and end effector
assembly for connecting a truck pressure or electrical con-
nector to a trailer receptacle according to an embodiment;
[0059] FIG. 28A is rendering perspective view of an AV
yard-truck-mounted robotic manipulator, including an arm/
wrist/hand delivery mechanism with interconnected trailer
pneumatic line (air hose) and coupling device, according to
an embodiment;

[0060] FIG. 28B is a fragmentary side view of an exem-
plary AV yard truck and trailer hitched thereto, having of the
arm/wrist’/hand delivery mechanism of FIG. 28A, and a
corresponding receiver mounted on the trailer;

[0061] FIG. 28C is a side view of the arm/wrist/hand
delivery mechanism of FIG. 28A shown making a connec-
tion to the trailer-mounted receiver;

[0062] FIG. 29 is a block diagram showing generalized
procedures and operational components employed in hitch-
ing an AV yard truck to a trailer, including the connection of
one or more service lines using a robot manipulator accord-
ing to an embodiment;

[0063] FIG. 30 is a flow diagram of an exemplary tug-test
procedure for use with an autonomous truck to verify proper
hookup of a trailer thereto;

[0064] FIG. 30A is a flow diagram of an exemplary single
tug-test procedure for use as part of a multiple tug-test
procedure to verify proper hookup of a trailer;

[0065] FIG. 30B is a flow diagram of an exemplary
multiple tug-test procedure incorporating repeated use of the
single tug-test procedure of FIG. 30A to verify proper
hookup of a trailer;

[0066] FIG. 31 is a diagram showing the front face of a
trailer showing the probable location of pneumatic braking
glad hand connections and an associated panel for use in
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gross location determination by a gross sensing assembly
provide on an autonomous truck according to an embodi-
ment;

[0067] FIG. 32 is a diagram showing an autonomous
truck-mounted gross location sensing assembly detecting
the characteristics of the front face of an adjacent trailer so
as to attempt to localize the glad hand panel thereof;
[0068] FIG. 33 is a diagram showing the acquired image
(s) generated by the sensing assembly of FIG. 32 and the
regions therein used to localize the glad hand panel;
[0069] FIG. 34 is a diagram of a trailer hitched to an
autonomous truck chassis, showing a fine position end
effector mounted on the chassis of an autonomous truck
generally in accordance with FIG. 32, having a fine sensing
assembly located with respect to tend effector for guiding it
to the glad hand of the trailer;

[0070] FIG. 35 is a multi-axis (e.g. three-axis) gross
positioning assembly mounted on an autonomous truck
chassis for moving a robotic arm manipulator and associated
end effector so as to locate the end effector and a carried
truck-based glad hand connector adjacent to a trailer glad
hand panel located by the gross detection system;

[0071] FIG. 36 is a diagram of an image of a trailer glad
hand used by the fine sensing system to determine pose for
use in servoing a robotic manipulator end effector and
associated truck-based glad hand connector into engagement
with the trailer glad hand;

[0072] FIG. 36A is a perspective view of an exemplary
glad hand gasket with features to enhance autonomous
identification, location, and pose of the glad hand gasket;
[0073] FIG. 37 is a diagram of a conventional trailer glad
hand depicting the unique edge of a flange used to identify
the pose of the glad hand by the autonomous truck manipu-
lator sensing assembly;

[0074] FIG. 38 is a diagram of a conventional glad hand
provided with a unique tag used to identify the pose of the
glad hand by the autonomous truck manipulator sensing
assembly;

[0075] FIG. 39 is a diagram of a unique fiducial-based
identifier that can be applied to the surface of the tag of FIG.
38;

[0076] FIG. 40 is a diagram of a trailer hitched to an
autonomous truck chassis, showing a multi-axis gross
manipulation system carrying fine manipulator robotic arm
according to an embodiment;

[0077] FIG. 41 is a top view of the trailer and autonomous
truck of FIG. 40, showing the trailer at a pivot angle on its
hitch, in which the gross manipulation system is locating the
fine manipulator so that its end effector can reach the trailer
glad hand panel;

[0078] FIG. 42 is a top view of the trailer and autonomous
truck of FIG. 40, showing the trailer at another, opposing
pivot angle relative to Fig., in which the gross manipulation
system is locating the fine manipulator so that its end
effector can reach the trailer glad hand panel;

[0079] FIG. 43 is a side view of a trailer hitched to an
autonomous truck chassis, showing a multi-axis gross
manipulation system carrying fine manipulator robotic arm,
in which the manipulator system is mounted on a piston-
driven, hinged platform in a stowed orientation on the truck
chassis, according to another embodiment;

[0080] FIG. 44 is a side view of the trailer and autonomous
truck of FIG. 43, showing the piston-driven, hinged platform
in a deployed orientation on the truck chassis;
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[0081] FIG. 45 is a perspective view of a multi-axis (e.g.
6-axis) fine manipulation robotic arm assembly and associ-
ated end effector for use in manipulating a truck-based trailer
glad hand connector according to various embodiments
herein;

[0082] FIG. 46 is a fragmentary side view of a truck-based
glad hand connection employing a clamping action in
response to an associated actuator, shown in an open orien-
tation with respect to a trailer glad hand;

[0083] FIG. 46A is a fragmentary side view of the truck-
based glad hand connection of FIG. 46, shown in a closed/
engaged orientation with respect to the trailer glad hand;
[0084] FIG. 47 is a fragmentary side view of a truck-based
glad hand connection employing a spring-loaded, clip-like
action in response to the motion of the manipulator end
effector, shown in an open orientation with respect to a
trailer glad hand;

[0085] FIG. 47A is a fragmentary side view of the truck-
based glad hand connection of FIG. 47, shown in a closed/
engaged orientation with respect to the trailer glad hand;
[0086] FIG. 48 is a fragmentary perspective view of a
truck-based glad hand connection employing a press-fit
connection action, shown in an engaged/connected orienta-
tion with respect to a trailer glad hand;

[0087] FIG. 48A is a cross section taken along line 48A-
48A of FIG. 48;

[0088] FIG. 49 is a cross-sectional perspective view of a
truck-based glad hand connection employing a an inflatable,
plug-like connection, shown in an engaged/connected ori-
entation with respect to a trailer glad hand, whereby the
manipulator accesses the interconnector via an appropriate
truck based connection and end effector;

[0089] FIG. 50 is a perspective view of a truck-based glad
hand connection employing an industrial interchange con-
nector thereon for semi-permanent attachment of the truck-
based glad hand (using conventional, rotational attachment
techniques) to a trailer glad hand;

[0090] FIG. 51 is a fragmentary side view of a truck-based
glad hand connection employing a clamping action with a
linear actuator integrated with the truck connector, shown in
an open orientation with respect to a trailer glad hand;
[0091] FIG. 52 is a fragmentary side view of the truck-
based glad hand connection of FIG. 51, shown in a closed/
engaged orientation with respect to the trailer glad hand
[0092] FIGS. 53 and 53A show a flow diagram of a
procedure for performing a glad hand (or similar) connec-
tion between an autonomous truck and a trailer using a gross
and fine sensing and manipulation system according to the
various embodiments herein;

[0093] FIG. 54 is a perspective view of a direct-connec-
tion glad hand adapter for use in exclusive autonomous
operation;

[0094] FIG. 55 is a perspective view of a direct-connec-
tion glad hand adapter for use in exclusive autonomous
operation, having a flexible connector according to another
embodiment;

[0095] FIG. 56 is a perspective view tool for engaging and
providing pressurized air to the direct-connection glad hand
adapter of FIG. 54 or 55, that employs selectively powered
solenoids to release, according to an embodiment;

[0096] FIG. 57 is a side cross-section of the tool of FIG.
56 shown interconnected with the adapter of FIG. 54;
[0097] FIG. 58 is a is a perspective view tool for engaging
and providing pressurized air to the direct-connection glad
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hand adapter of FIG. 54 or 55, that employs a pull-motion
to release, according to an embodiment;

[0098] FIG. 59 is a is a perspective view tool for engaging
and providing pressurized air to the direct-connection glad
hand adapter of FIG. 54 or 55, that employs a pull-motion
to release and includes a cylindrical gripper interface,
according to an embodiment;

[0099] FIG. 60 is a perspective view of an autonomous-
operation-favored glad hand adapter that also allows for
manual interconnection of a truck-side glad hand connector,
according to an embodiment;

[0100] FIG. 61 is a perspective view of the autonomous-
operation-favored glad hand adapter of FIG. 60, shown
engaged with a gripper manipulated clamping tool, accord-
ing to an embodiment;

[0101] FIG. 62 is a perspective view of an autonomous-
operation-favored glad hand adapter that also allows for
manual interconnection of a truck-side glad hand connector
using a shuttle valve and dual-port, truck side connectors,
according to an embodiment;

[0102] FIG. 63 is a perspective view of an autonomous-
operation-favored glad hand adapter that also allows for
manual interconnection of a truck-side glad hand connector,
using a shuttle valve and 90-degree-attached dual-port-truck
side connectors according to an embodiment;

[0103] FIG. 64 is a perspective view of an autonomous-
operation-favored glad hand adapter for direct connection to
the trailer-side airline, that also allows for manual intercon-
nection of a truck-side glad hand connector and employs an
integrated shuttle valve with dual-port, truck-side connec-
tors, according to an embodiment;

[0104] FIG. 65 is a perspective view of an autonomous-
operation-favored glad hand adapter for connection to the
trailer-side glad hand connection, that also allows for
manual interconnection of a truck-side glad hand connector
and employs an integrated shuttle valve with dual-port,
truck-side connectors, according to an embodiment;

[0105] FIG. 66 is a perspective view of an autonomous-
operation-favored glad hand adapter for connection to the
trailer-side glad hand connection, that also allows for
manual interconnection of a truck-side glad hand connector
and employs an integrated shuttle valve in a machinable
housing with dual-port, truck-side connectors, according to
an embodiment;

[0106] FIG. 67 is a perspective view of an autonomous-
operation-favored glad hand adapter for connection to the
trailer-side glad hand connection, that also allows for
manual interconnection of a truck-side glad hand connector,
and that employs a key-guided clamping tool having a lead
screw driven clamping member for sealing against the
truck-side glad hand connector, according to an embodi-
ment, shown prior to engagement;

[0107] FIG. 68 is a perspective view of the arrangement of
FIG. 67 shown after engagement;

[0108] FIG. 69 is a perspective view of the clamping tool
of FIG. 67 shown in a opened, un-clamped position;

[0109] FIG. 70 is a side view of an autonomous (e.g. yard)
truck and trailer, arranged to allow hitching thereof together
using a truck-rear-mounted high-resolution LIDAR device
and associated process(or) that locates and determines the
relative angle of the trailer (centerline) with respect to the
truck;
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[0110] FIG. 71 is a top view of the truck and trailer
arrangement of FIG. 69 showing locations of trailer landing
gear and wheel sets with respect to the beam pattern of the
rear-mounted LIDAR device;

[0111] FIG. 72 is atop view of the LIDAR-device-scanned
area of the trailer of FIGS. 70 and 71, showing point groups
representative of landing gear legs and wheels, used in
determining the relative trailer angle;

[0112] FIG. 73 is a top view of the truck and trailer
arrangement of FIGS. 70 and 71 being scanned by the
LIDAR device beams where the trailer centerline is oriented
at an approximate right angle to the central axis of the beam
cone/truck centerline, in which one trailer landing gear leg
is occluded from view;

[0113] FIG. 74 is a side view of an autonomous (e.g. yard)
truck and trailer, arranged to allow hitching thereof together
using a truck-rear-mounted high-resolution LIDAR device
and associated process(or) that locates and determines the
position of the trailer kingpin used to hitch to the truck fifth
wheel,

[0114] FIG. 75 is a top view of the truck and trailer
arrangement of FIG. 74 showing locations of trailer kingpin,
landing gear and wheel sets with respect to the beam pattern
of the rear-mounted LIDAR device;

[0115] FIG. 76 is a top view of the LIDAR-device-
scanned area of the trailer of FIGS. 74 and 75, showing point
groups representative of the kingpin and landing gear legs,
used in determining the position of the kingpin within the
vehicle/navigation coordinate space; and

[0116] FIG. 77 is a flow diagram showing a procedure for
identifying and determining the position of the trailer king-
pin using the LIDAR device in accordance with FIGS.
74-76.

DETAILED DESCRIPTION

1. Overview

[0117] FIG. 1 shows an aerial view of an exemplary
shipping facility 100, in which over-the-road (OTR) trucks
(tractor trailers) deliver goods-laden trailers from remote
locations and retrieve trailers for return to such locations (or
elsewhere—such as a storage depot). In a standard opera-
tional procedure, the OTR transporter arrives with a trailer
at a destination’s guard shack (or similar facility entrance
checkpoint) 110. The guard/attendant enters the trailer infor-
mation (trailer number or QR (ID) code scan-imbedded
information already in the system, which would typically
include: trailer make/model/year/service connection loca-
tion, etc.) into the facility software system, which is part of
a server or other computing system 120, located offsite, or
fully or partially within the facility building complex 122
and 124. The complex 122, 124 includes perimeter loading
docks (located on one or more sides of the building),
associated (typically elevated) cargo portals and doors, and
floor storage, all arranged in a manner familiar to those of
skill in shipping, logistics, and the like.

[0118] By way of a simplified operational example, after
arrival of the OTR truck, the guard/attendant would then
direct the driver to deliver the trailer to a specific numbered
parking space in a designated staging area 130—shown
herein as containing a large array of parked, side-by-side
trailers 132, arranged as appropriate for the facility’s overall
layout. The trailer’s data and parked status is generally
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updated in the company’s integrated yard management
system (YMS), which can reside of the server 120 or
elsewhere.

[0119] Once the driver has dropped the trailer in the
designated parking space of the staging area 130, he/she
disconnects the service lines and ensures that connectors are
in an accessible position (i.e. if adjustable/sealable). If the
trailer is equipped with swing doors, this can also provide an
opportunity for the driver to unlatch and clip trailer doors in
the open position, if directed by yard personnel to do so.
[0120] At some later time, the (i.e. loaded) trailer in the
staging area 130 is hitched to a yard truck/tractor, which, in
the present application is arranged as an autonomous vehicle
(AV). Thus, when the trailer is designated to be unloaded,
the AV yard truck is dispatched to its marked parking space
in order to retrieve the trailer. As the yard truck backs down
to the trailer, it uses one or multiple mounted (e.g. a standard
or custom, 2D grayscale or color-pixel, image sensor-based)
cameras (and/or other associated (typically 3D/range-deter-
mining) sensors, such as GPS receiver(s), radar, LiDAR,
stereo vision, time-of-flight cameras, ultrasonic/laser range
finders, etc.) to assist in: (i) confirming the identity of the
trailer through reading the trailer number or scanning a QR,
bar, or other type of coded identifier; (ii) Aligning the truck’s
connectors with the corresponding trailer receptacles. Such
connectors include, but are not limited to, the cab fifth (5th)
wheel-to-trailer kingpin, pneumatic lines, and electrical
leads. Optionally, during the pull-up and initial alignment
period of the AV yard truck to the trailer, the cameras
mounted on the yard truck can also be used to perform a
trailer inspection, such as checking for damage, confirming
tire inflation levels, and verifying other safety criteria.
[0121] The hitched trailer is hauled by the AV yard truck
to an unloading area 140 of the facility 124. It is backed into
a loading bay in this area, and the opened rear is brought into
close proximity with the portal and cargo doors of the
facility. Manual and automated techniques are then
employed to offload the cargo from the trailer for placement
within the facility 124. During unloading, the AV yard truck
can remain hitched to the trailer or can be unhitched so the
yard truck is available to perform other tasks. After unload-
ing, the AV yard truck eventually removes the trailer from
the unloading area 140 and either returns it to the staging
area 130 or delivers it to a loading area 150 in the facility
124. The trailer, with rear swing (or other type of door(s))
open, is backed into a loading bay and loaded with goods
from the facility 124 using manual and/or automated tech-
niques. The AV yard truck can again hitch to, and haul, the
loaded trailer back to the staging area 130 from the loading
area 150 for eventual pickup by an OTR truck. Appropriate
data tracking and management is undertaken at each step in
the process using sensors on the AV yard truck and/or other
manual or automated data collection devices—for example,
terrestrial and/or aerial camera drones.

[0122] Having described a generalized technique for han-
dling trailers within a facility reference is now made to
FIGS. 2-4, which show exemplary yard trucks 200 and 300
for use with the various embodiments described hereinbe-
low. The yard truck 200 (FIG. 2) is powered by diesel or
another internal combustion fuel, and the yard truck 300
(FIGS. 3 and 4) electricity, using appropriate rechargeable
battery assembly that can operate in a manner known to
those of skill. For the purposes of this description, the AV
yard truck is powered by rechargeable batteries, but it is
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contemplated that any other motive power source (or a
combination thereof) can be used to provide mobility to the
unit. Notably, the yard truck 200, 300 of each example
respectively includes at least a driver’s cab section 210, 310
(which can be omitted in a fully autonomous version) and
steering wheel (along with other manual controls) 212, 412
and a chassis 220, 320, 420 containing front steerable
wheels 222, 322, and at least one pair of rear, driven wheels
224, 324 (shown herein as a double-wheel arrangement for
greater load-bearing capacity). The respective chassis 220,
320 also includes a so-called fifth (5”) wheel 240, 340, that
(with particular reference to the truck 300 in FIGS. 3 and 4)
is arranged as a horseshoe-shaped pad 342, 442 with a
rear-facing slot 344 (FIG. 3), which is sized and arranged to
receive the kingpin hitch (shown and described further
below) located at the bottom of a standard trailer (not
shown). The fifth wheel 240, 340, 440 is shown tilted
downwardly in a rearward direction so as to facilitate a
ramping action when the truck is backed onto the trailer in
FIG. 2. In FIG. 4, the fifth wheel 440 is shown raised by a
lever arm assembly 442, which, as described below, allows
the landing gear of the trailer (when attached) to clear the
ground during hauling by the truck 400. The lever assembly
442 or other fifth wheel-lifting mechanisms can employ
appropriate hydraulic lifting actuators/mechanisms known
to those of skill so that the hitched trailer is raised at its front
end. In this raised orientation, the hitch between the truck
and trailer is secured.

[0123] The AV yard truck can include a variety of sensors
as described generally above, that allow it to navigate
through the yard and hitch-to/unhitch-from a trailer in an
autonomous manner that is substantially or completely free
of human intervention. Such lack of human intervention can
be with the exception, possibly, of issuing an order to
retrieve or unload a trailer-although such can also be pro-
vided by the YMS via the server 120 using a wireless data
transmission 160 (FIG. 1) to and from the truck (which also
includes an appropriate wireless network transceiver—e.g.
WiFi-based, etc.).

[0124] Notably, the AV yard truck 200, 300 and 400 of
FIGS. 2, 3 and 4, respectively, includes an emergency brake
pneumatic hose 250, 350, 450 (typically red), service brake
pneumatic hose 252, 352, 452 (typically blue) and an
electrical line 254, 354, 454 (often black), that extend from
the rear of the cab 210, 310, 410 and in this example, are
suspended front the side thereof in a conventional (manually
connected) arrangement. This allows for access by yard
personnel when connecting and disconnecting the hoses/
lines from a trailer during the maneuvers described above.
The AV yard truck 200, 300, 400 includes a controller
assembly 270, 370 and 470, respectively, shown as a dashed
box. The controller 270, 370, 470 can reside at any accept-
able location on the truck, or a variety of locations. The
controller 270, 370, 470 interconnects with one or more
sensors 274, 374, 474, respectively, that sense and measure
the operating environment in the yard, and provides data 160
to and from the facility (e.g. the YMS, server 120 etc.) via
a transceiver. Control of the truck 200, 300, 400 can be
implemented in a self-contained manner, entirely within the
controller 270, 370, 470 whereby the controller receives
mission plans and decides on appropriate maneuvers (e.g.
start, stop, turn accelerate, brake, move forward, reverse,
etc.). Alternatively, control decisions/functions can be dis-
tributed between the controller and a remote-control com-
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puter—e.g. server 120, that computes control operations for
the truck and transmits them back as data to be operated
upon by the truck’s local control system. In general, control
of the truck’s operation, based on a desired outcome, can be
distributed appropriately between the local controller 270,
370, 470 and the facility system server 120.

I1. Pneumatic Line Connection Between Yard Truck
and Trailer

[0125] A. Probe and Receptacle Assemblies

[0126] A particular challenge in creating an AV yard truck
and trailer system, which is substantially or fully free of
human intervention in its ground operations, is automating
the connections/disconnections of such hoses and electrical
leads between the truck and the trailer in a manner that is
reliable and accurate. FIGS. 5-8 show a basic arrangement
500 consisting of an AV yard truck 502 and trailer 504. The
trailer can be conventional in arrangement with additions
and/or modifications as described below, which allow it to
function in an AV yard environment. The truck 502 and
trailer 504, shown hitched together in this arrangement with
at least one connection (e.g. the pneumatic emergency brake
line) 510 to be made. It is common for yard trucks to make
only the emergency brake connection when hauling trailers
around a yard—however it is expressly contemplated that
additional connections can be made for e.g. the service
brakes, as well as the electrical leads. The connection
arrangement 510 for a single pneumatic line herein com-
prises a receptacle assembly 520, mounted permanently or
temporarily on the front 522 of the trailer 504, and a probe
assembly 530 that extends from the rear face 532 of the truck
cab 534. The connection arrangement 510 in this embodi-
ment provides a positive, sealed pressurized coupling
between one of the source pneumatic lines (e.g. the emer-
gency brakes) from the truck to the trailer. Pressure is
generated at the truck side (via a pump, pressure tank, etc.),
and delivered to components that drive the trailer brakes
when actuated by the truck control system 270, 370.
[0127] The receptacle assembly 520 and probe assembly
530 consist of interengaging, frustoconical shapes, wherein
the probe head 540 is mounted on the end of a semi-rigid
hose member 542 (e.g. approximately 1.5-4.5 feet), which
can be supported by one or more guy wires mounted higher
up on the back of the truck cab. The cone shape is sufficient
to allow for a connection between the head 540 and recep-
tacle 520 when the truck is backed straight onto the trailer.
With reference particularly to FIG. 8, the receptacle of this
embodiment is attached directly to the front face 522 of the
trailer 504, and includes a central bore 810 that extends
between a side-mounted port (that can be threaded or
otherwise adapted to interconnect a standard trailer pressure
line) and a pressure (e.g. male) quick-disconnect fitting 822.
The geometry of such a fitting should be clear to those of
skill. The probe head 540 also include a bore 830 that joins
to a proximal fitting 832 that couples the semi-rigid hose
member 542 to the head 540. The proximal end of the
semi-rigid hose member 542, in this embodiment, is
attached to a base 840 affixed to the rear face 532 of the truck
cab 534. The location of the base 840 is selected to align
with the receptacle 520 when the trailer and truck are in a
straight front-to-rear alignment. As described below, a vari-
ety of mechanisms can be employed to align and direct the
head 540 into the receptacle. The base 840 also includes a
side port 842 that interconnects with the AV trucks braking
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pressure source/circuit, and is selectively pressurized when
brakes are actuated. The conical probe head 540 includes, at
its distal end, a (e.g. female) quick-disconnect pressure
connector 850 that is adapted to sealingly mate with the
receptacle connector 822. The probe connector 850 can be
arranged to lock onto the receptacle connector 822 when
driven axially a sufficient distance onto the receptacle con-
nector. The receptacle connector can include one or more
circumferential detents and appropriate internal springs,
collars and ball bearings can be used in the construction of
the probe connector to engage the detent(s) and thereby
effect this interlocked seal between the connectors 822, 850.
Alternatively, or additionally, pneumatic and/or electrome-
chanical locking mechanisms can be used to lock the con-
nectors together. Unlocking of the connectors 822, 850
during disconnection can be effected by simply pulling the
arrangement apart—thereby overcoming axial resistance the
locking force, activating a pneumatic and/or electrome-
chanical unlocking mechanism or any other mechanical
action that allows the mechanism to unlock. The diameter
and angle of the probe and receptacle cones are variable. In
an embodiment, the ports 812 and 842 of the receptacle 520
and probe 540 are connected to hoses that can be directly
tapped into the pneumatic lines on each of the trailer and the
truck. Alternatively, the ports 812, 842 can each be con-
nected to hoses that each include a conventional or modified
(described below) glad hand connector. That glad hand
interconnects permanently or temporarily (in the case of the
trailer) with the standard pneumatic line glad hand.

[0128] The probe 540 and receptacle 520 can be con-
structed from variety of materials, such as a durable poly-
mer, aluminum alloy, steel or a combination thereof. The
connectors 822 and 850 can be constructed from brass, steel,
polymer or a combination thereof. They typically include
one or more (e.g.) O-ring seals constructed from polyure-
thane or another durable elastomer. The semi-rigid hose 542
can be constructed from a polymer (polyethylene, polypro-
pylene, etc.), or a natural or synthetic rubber with a fiber or
steel reinforcing sheath.

[0129] As shown briefly in an embodiment in FIG. 8A, the
receptacle 860 and probe 870 (which operate similarly to the
probe 540 and receptacle 520 described above) can be
adapted to include electrical contacts—for example a plu-
rality of axially spaced-apart concentric rings 880, 882, 884
on the outer, conical surface of the probe 870—that make
contact with corresponding rings or contacts 890, 892, 894
on the inner, conical surface of the receptacle 860 when the
probe and receptacle connectors (862 and 872, shown in
phantom) are fully engaged. This can complete the electrical
connection between the trailer electrical components (lights,
signals, etc.) and the switched power feeds on the truck.
Appropriate plugs and sockets can extend from the probe
and receptacle to interconnect standard truck and trailer
electrical leads. Note that a variety of alternate electric
connection arrangements can be employed in alternate
embodiments in conjunction with, or separate from the
pneumatic probe and receptacle.

[0130] With reference to the embodiment of FIGS. 8B-8E,
a connector/coupling assembly 880 capable of electrical
actuation to selectively change it between a locked and
unlocked state is shown. This assembly 880 can be adapted
to interoperate with the probe and receptacle assemblies
described above, or other coupling and receiver arrange-
ments, as described in embodiments hereinbelow. The cou-
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pling assembly 880 consists of a male coupling 881, which
can be part of a receiver or probe as appropriate. In this
embodiment, it comprises a conventional (e.g.) V2-inch NPT,
threaded pipe, airline quick-disconnect fitting with one or
more, unitary, annular locking trough 882. The trough 882
can define a semicircular cross section shape. The female
portion of the overall assembly 880, adapted to releasably
connect and lock-to, the male fitting 881 is formed as a
sliding quick-disconnect fitting as well. In this embodiment,
the inner sleeve 884 is sized to slide over the male fitting 881
when coupled together. A set of circumferential (e.g.) ball
bearings 885 reside in holes 886 formed about the circum-
ference of the sleeve 884. The ball bearings 885 are sized to
engage the trough 882 when fully seated in the sleeve’s
circumferential holes 886. Thus, this forms a locking
engagement. A spring 887 resides behind the inner sleeve
884. The ball bearings 885 are forced into the engaged
position when an overlying, iron or steel (magnetic) sleeve
888 is located fully forward against a front shoulder 889 on
the inner sleeve 884 (see FIG. 8E). This locking bias is
provided by the spring, which also bears on a rear pipe fitting
891. In this position, the inner surface of the magnetic sleeve
888 is arranged to force the balls 884 inwardly against the
mail fitting’s trough 882. Thus, a positive lock between male
and female components is formed. An O-ring seal 890,
which is part of the female coupling seals this locked
arrangement against air leakage (and thereby allows a pres-
surized connection to form).

[0131] Notably, an outer annular (or other shape) sleeve
892 comprises an electromagnetic coil (e.g.) a solenoid. This
coil, when energized forces the magnetic sleeve 888 axially
rearwardly (against the bias of the spring 887), and places
the ball bearings 885 in alignment with an annular trough
893 within the front, inner surface of the magnetic sleeve
888. This trough allows the ball bearings 885 to float radially
outwardly from the holes 886 sufficiently to disengage them
from the male fitting trough 882, thereby allowing axial
movement of the male fitting relative to the female coupling.
This unlocked state is shown in FIGS. 8C and 8D.

[0132] Inoperation, an electrical current is delivered to the
outer sleeve/solenoid 892 via a relay or other switch that
receives a signal from (e.g. the AV yard truck controller). An
onboard battery (not shown) of sufficient power can be
included in the female coupling assembly. Alternatively,
power can be supplied by the AV Yard truck’s electrical
system. The magnetic sleeve, thus, moves axially rearwardly
as shown in FIG. 8C. This position allows the ball bearings
885 to move radially inwardly as the make fitting move
axially inwardly relative to the inner sleeve 884 (shown in
FIG. 8D). During this step, the outer sleeve/solenoid 892
remains energized by the switch and battery. Once fully
engaged, the switch disconnects the battery and the spring
887 drives the magnetic sleeve forwardly (as it is now free
of bias by the magnetic solenoid). The ball bearings 885,
thus encounter the non-indented part of the magnetic
sleeve’s (884) inner surface and are driven radially into the
male fitting’s trough 882, thereby forming a sealed lock as
shown in FIG. 8E.

[0133] Disconnection of the male fitting 881 occurs when
the outer sleeve/solenoid 892 is again energized by the
switch/battery (typically based on a signal from the control-
ler). In various embodiments, the male fitting 881, inner
sleeve 884 and rear base fitting 891 can be constructed from
a non-magnetic material, such as a durable polymer, brass,
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aluminum, titanium, nickel, etc. It should also be clear to
those of skill that a range of variations of the assembly of
FIGS. 8B-8E can be implemented, in which (e.g.) the
solenoid is normally locked and the spring causes an
unlocked state, the arrangement of components can be
varied, etc. In an embodiment, the male fitting (which is not
energized) can be part of the trailer’s receptacle and the
female coupling (which is energized) can be part of the AV
yard truck’s pneumatic line. Hence, the female coupling is
brought into engagement with the male fitting by one of the
various techniques described herein (e.g. a robotic arm,
manipulator, framework, etc.).

[0134] B. Reel-Connected Probe

[0135] Reference is now made to FIGS. 9 and 10 that
show an arrangement 900 having a pneumatic connection
930 for use with an AV yard truck 910 and trailer 920
according to another embodiment, in which the probe
assembly 940 is attached to a reel or spool 942. This
arrangement recognizes that the trailer front face 922 often
moves away from the cab rear face 912 during turns (i.e.
where the kingpin pivots on dashed-line axis 924 about the
fifth wheel 914). This condition is also shown in FIG. 6,
where the receptacle 520 is spaced at a significant distance
from the probe 540. To address the variability of spacing
between the receptacle 950 and probe 940 (of the present
embodiment of FIGS. 9 and 10) during turning motion, and
more generally deal with shifting of position between the
truck and trailer, the probe 940 is mounted on a semi-rigid
tube 944, that is (in this embodiment) free of any air conduit.
The illustrative, frustoconical probe 940 includes a side port
1020 (FIG. 10) that routes air to the (e.g. female) pressure
connector 1030 at the probe’s proximal end. The probe side
port 1020 interconnects to the truck pressure line in a
manner similar to that described above for probe 540. This
connector and the associated receptacle (950) components
are otherwise similar to the embodiment of FIGS. 5-8
described above and interconnection is made according to a
similar operation. That is, the truck is backed into the trailer
with the probe 940 and receptacle 950 in relatively straight-
line alignment. Then, the probe 940 is guided into the
receptacle 950 by interengagement between respective frus-
toconical surfaces until a positive lock between associated
pressure connectors occurs. As in the embodiment of FIGS.
5-8, the rigidity of the semi-rigid tube 944 is sufficient to
prevent buckling as the connectors are biased together to
create a lock. Once locked, as the probe 940 is tensioned by
movement of the trailer 920 relative to the truck 910, the
tension is relieved by paying out a cable from the spool 942
that is attached to the proximal end of the tube 944. The
spool 942 can be spring-loaded so that it maintains a mild
tension on the tube 944, and associated probe head, at all
times. The hose attached from the pneumatic source to the
probe side port 1020 can be flexible (e.g. contain spring coils
as shown generally in FIG. 2), or can otherwise absorb
stretching and contraction. Note that the proximal end of the
tube includes a (positive) frustoconical end member 1040
that mates with a (negative) frustoconical receiver 1050 on
the spool 942. This assembly forms a backstop for the tube
944 when the probe head is biased into the receptacle 950
and ensures that the spool cable 1032, when fully retracted,
draws the cable fully back into the spool 942, free of any
kinks near the base of the tube 944. The spool can be
constructed in a variety of ways, such as a wrapped/wound
clockwork-style spring, and appropriate gearing to generate
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a predetermined torque over a predetermined number of
revolutions (which should be clear to those of skill). The
spool 942 can alternatively be motorized, paying out cable
and drawing it in, based on prevailing tension. In this
embodiment, the spool 942 acts as both a cable (1032)
winding device, and a base for the probe assembly 940 in a
single unit. Note the cable spool can be a commercially
available component. In addition, the pressure connectors
can be commercially available components, such as those
used in standard pneumatic hose applications.

[0136] This arrangement 1100 is further detailed in the
embodiment of FIGS. 11 and 12, in which the trailer 1110
contains a receptacle (not shown) as described above or in
accordance with another embodiment (described below),
and the truck 1120 contains the probe assembly 1130 that is
adapted to removably engage the receptacle as described
above. The head 1132 of the probe assembly 1130 includes
a side-mounted pressure port and associated hose 1140 (e.g.
an emergency brake pneumatic line from the truck’s (1120)
conventional outlet 1142 for such). The probe head 1132 is
mounted on a semi-rigid tube 1150, as described above, with
a (positive) frustoconical end member 1220, which is
adapted to seat in a conforming, (negative) frustoconical
receiver 1230, as also described above. The receiver is
permanently, or temporarily, affixed to the rear face of the
truck 1120. The end member 1220 provides an anchor for a
tension cable 1240, and that cable 1240 extends through the
receiver 1230 to an external spring-wound spool 1250. The
spool exerts a mild tension on the probe assembly 1130 in a
manner described above. The spool 1250 can be constructed
by any acceptable technique and can be a commercially
available component. The spool 1250 is also affixed to the
face of the truck at an appropriate location. A chase that
allows the cable 1240 to pass from the receiver to the spool
1250 can be provided (e.g. a gap 1260).

[0137] C. Removable Receptacle Assemblies/Alternate
Pressure Connections

[0138] FIGS. 13, 14 and 14 A show and arrangement 1300,
consisting of a removable receptacle assembly 1310 that is
mounted variably on the front face 1320 of the trailer 1330.
As shown, a clamping assembly, or other form of mounting
bracket 1350, can be temporarily or permanently fixed to the
trailer in a manner that locates the receptacle (in this
example, a frustoconical shape) 1310 at a position on the
front face 1320 of the trailer 1330. In an operational embodi-
ment, the clamping assembly 1350 can be attached at the
guard shack (110 in FIG. 1), at the desired location, so as to
provide the needed autonomously operable pneumatic con-
nection. As part of the attachment, a pneumatic hose (dashed
line 1360) can be attached to a conventional port 1370 of the
trailer 1330. The pneumatic circuit can direct to the port
1370 from a continuous hose extending from the receptacle
1310, or via an intermediate connection (represented as box
1380) between a separate (conventional) trailer pneumatic
hose and a receptacle hose. The intermediate connection
1380 can be accomplished using e.g. a conventional or
customized glad hand connector arrangement. A modified
glad hand arrangement is described in further detail (FIGS.
23-25 below).

[0139] As shown further in FIG. 14A, a male, quick-
disconnect-style fitting 1420 (for example, similar or iden-
tical to fitting 881 in FIG. 8B) is shown located coaxially
within the cylindrical or frustoconical well 1432 of a
receiver housing 1430. The receiver housing 1430 can be
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constructed from a variety of materials, such as aluminum
alloy, steel, polymer, or combination of materials. The
housing can be adapted to be secured directly to the trailer
body (e.g. along the front face as described above) or using
a mounting plate assembly, as described hereinbelow (see,
for example, FIGS. 18-22). The fitting 1820 can be con-
nected directly, or via a port arrangement within the housing,
to a trailer pneumatic line 1440—for example, an emergency
brake line. A valve knob 1442 or other pressure regulating
system (e.g. a safety valve) can be integrated in the housing
port system. A variety of attachments, brackets, accessory
mounts, switches, can be applied to the receiver housing
1430, represented generally by the handle 1446, which can
reside in a threaded well or other structure.

[0140] With further reference to FIGS. 15 and 16, the
clamping assembly 1350 can consist of a plate 1510 that
slides (double-arrow 1522) along a bar 1520, and can be
locked relative to the bar using any appropriate mecha-
nism—e.g. a pinch, clamp, turn screw, etc. The bar 1520
terminates in an upright post or hook 1530 located at a
rearmost end of the bar 1520. Note that the receptacle in this
embodiment can be similar to those described above, con-
taining an internal pressure connector for use with a probe
head of appropriate design. Alternatively, the receptacle can
be adapted to receive an alternate form of connector, such as
that shown in FIG. 17. The post/hook 1530 is adapted to
extend upwardly into a slot, step or hole 1610 at the bottom
1390 of the trailer 1330. The post/hook engages a front edge
of the slot/step/hole 1610 as shown (FIG. 16) when the
clamp is tightened, with the plate 1510 engaged against the
front face 1320 of the trailer 1330. In this manner, the plate
1510 and associated receptacle (1310) are firmly attached in
a desired position to the trailer front face when located in the
yard. The clamping arrangement 1350 can be detached from
the trailer 1330 at (e.g.) the guard shack as the trailer is
placed into storage, exits the yard, or is hitched to an OTR
truck, with conventional connections made to the trailer’s
pneumatic lines and electrical leads by the truck. The plate
1510 can include a frictional backing (e.g. a silicone, rubber
or neoprene layer/sheet) to avoid marring the surface of the
trailer and to resist shifting once clamped.

[0141] As discussed above, the clamped, or otherwise
affixed, receptacle can employ a quick-disconnect-style
pressure connector (see, for example FIGS. 8B-8E, above),
or an alternate arrangement can be employed. As shown in
the arrangement 1700 of FIG. 17, the probe assembly 1710
can define a (positive) frustoconical probe head 1720 con-
structed from an appropriate material (e.g. metal, polymer,
etc.), as described generally above, that mates with a (nega-
tive) frustoconical receptacle 1730, with an internal geom-
etry that accommodates an expanding, inflatable locking
ring 1722, located at the proximal end of the probe head
1720. When pressure is applied (either tapping the pressure
of the pneumatic line or a separate pressure source that is
switched on during connection), the ring 1722 expands to
bear against (e.g.) an annular shoulder 1740 of the receptacle
to sealably lock the probe and receptacle together. In this
manner, the arrangement resists pull-out and defines a
gas-tight pressure seal. Additional internal pressure connec-
tors can be provided in this arrangement with or without
(free-of) a quick-disconnect locking mechanism.
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[0142] Note that the pressure connection in any of the
embodiments herein can also be sealably locked and
unlocked using appropriate motorized and/or solenoid oper-
ated actuators.

[0143] Reference is made to FIGS. 18-22, which show a
further embodiment of a detachable receptacle, or other form
of removable connection between the truck pneumatic line
(s) and the trailer’s (2100 in FIG. 21) pneumatic lines, and
optionally, its electrical leads (not shown). Note that this
arrangement 1800 can be used to carry a plurality of
receptacles/connectors for both pneumatic pressure and
electricity. In the present embodiment, a single receptacle
2110 is mounted on the plate 1810 of the arrangement 1800,
with a single side-mounted port 2210 (the close-up depiction
2200 of FIG. 22) to interconnect with an air hose of the
trailer (e.g.) braking system via a standard/conventional port
and hose. The plate can be constructed from any acceptable
material, such as a metal (e.g. aluminum, steel, etc.), poly-
mer (e.g. polycarbonate, acrylic, PET, POM, etc.), compos-
ite (e.g. fiberglass, carbon fiber, aramid fiber, etc.), or a
combination of materials. In an exemplary embodiment, the
plate includes an upper, semi-circular extension 1820 and a
lower rectangular base 1830. The plate’s upper extension
1820 and base 1830 are shaped in one of a variety of possible
geometries. The upper extension is shaped and sized to
accommodate the receptacle (or other connector), which can
be mounted to it by adhesives, fasteners, clamps, and/or
other attachment mechanisms. The rectangular base 1830 is
sized in width WB sufficiently to allow placement of the
clamp assemblies 1840 in appropriate slots 2120 that are
typically located near the front face 2140 of the trailer
bottom 2130. In an embodiment, the width WB of the base
1830 can be between approximately 1 and 2 feet, although
a smaller or larger dimension can be defined in alternate
embodiment.

[0144] The clamp assemblies 1840 are each mounted at an
appropriate widthwise location on the base 1830 of the plate
1810, riding within horizontal slots 1850. The clamp assem-
blies each include a bar 1842 upon which a clamp member
1844 slides. The clamp members 1844 are in the form of
conventional bar clamps that progress along a clamping
direction (arrow 1846), as the user repetitively squeezes a
grip 1848. Clamping pressure is released and the clamps can
be moved opposite arrows 1846 to a more open state by
toggling releases 1850. The bars include a hook or post 1852
that engages the slot 2120 in the trailer bottom 2130. The
upper portion of each clamp member 1844 includes a flange
1854 that interengages a bolt 1858 on a lateral adjustment
plate 1860 that bears against an opposing side of the plate
1810 when the flange 1854 is secured to the plate as shown.
The 1858 bolt of the lateral adjustment plate 1860 passes
through the slot 1850 in the plate 1810, and is secured to the
flange 1854 by a nut 1864. The nut can be (e.g.) a standard
hex nut, wing nut or threaded lever (for ease of attachment).
The lateral adjustment plate 1860 also includes at least four
pegs 1866, which surround the bolt 1858. These pegs are
adapted to seat in holes 1870 located above and below each
slot 1850 on the plate 1810. In this manner the clamp
members 1844, of the corresponding assemblies 1840, can
be adjusted and secured laterally (horizontally) along the
plate 1810 so that each post/hook 1852 is located appropri-
ately to engage a slot 2120 in the trailer bottom 2130. The
back of the plate 1810 can include an elastomeric (e.g.
neoprene, rubber, foam) backing 1910, which resists sliding
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friction when the plate 1810 is clamped securely to the
trailer front face 2140 and protects the face 2140 form
marring and scratching. The backing 1910 can include
cutouts 2030, which allow the clamp assemblies 1840 to be
adjusted along respective plate slots 1850.

[0145] In an alternate embodiment, the forward extension
of the rods is mitigated by attaching the plate directly to the
forward ends of each rod and providing a separate grippable
clamp member that engages the front face of the trailer
separately. In such an arrangement, the plate floats forward
for the trailer face. Other arrangements in which a clamp
engages slots on the trailer bottom and thereby secures an
upright plate containing a connector are also expressly
contemplated.

[0146] In an alternate embodiment, the receiving recep-
tacle/receiver on the trailer can be mounted in a preferred
available location on the front face of the trailer by the use
of (e.g.) fasteners—such as an interengaging fabric sheet
and/or tape fastener, including but not limited to, industrial
grade hook-and-loop tape/sheet and/or Dual-Lock' reclose-
able fasteners (available from 3M Corporation of Minne-
apolis, Minn.), or similar mechanisms, as a removably
attached device when onsite (or permanently affixed). In an
embodiment, the receiving receptacle is also marked with an
identifying bordering pattern that the associated ranging/
locating software can use to orient the robotic arm that
removably carries the AV yard truck’s connector/probe/
coupling arm, and align this coupling device.

[0147] For purposes of other sections of this description,
the depiction of the trailer 2100 in FIG. 21 is now further
described, by way of non-limiting example. The trailer rear
2150 can include swinging or rolling doors—among other
types (not shown). An underride protection structure 2160 is
provided beneath the rear of the body. A set of wheels
2172—in the form of a bogey arrangement 2170 is shown
adjacent to the rear 2150. A movable landing gear assembly
2180 is provided further forward on the trailer bottom 2130.
The kingpin 2190 is also depicted near the front face 2140
along the bottom 2130.

[0148] D. Modified Glad Hand Connector and Uses
[0149] FIGS. 23-25 depict a modified glad hand connector
2300 for use in various embodiments of the pneumatic
connection arrangement herein. In general, the glad hand is
modified to clamp so as to enable automatic connection to a
stock fitted trailer, with a uniformly accepted glad-hand.
This allows the vast majority of trailers currently on the
road, regardless of model/brand, to avoid the need of a
specialty retrofit in order to integrate with an AV yard truck
as described herein, and its automated trailer attachment
systems. The modified clamp, compatible with conventional
glad hands, comprises a base 2310 with a rubber grommet
2320, which can optionally include a hollow central cone
(dashed member 2322) protruding from the standard rubber
grommet 2320 (to insert, and assist in glad-hand alignment,
as well as allow the passage of air). The cone can be omitted
in alternate embodiments and a conventional grommet
geometry or another modified geometry—for example, a
pronounced profile that compresses more when engaging an
opposing glad hand grommet.

[0150] A thumb-like clamp (or “thumb”) 2330 is provided
on a pivoting clevis 2332 (double arrow 2334) at the inlet
port 2340 of the modified glad hand 2300, to pivot toward
the grommet 2320 when locked and pivot away from the
grommet 2320 when released. As shown particularly in FIG.
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25, the modified glad hand 2300 is interconnected with a
standard glad hand fitting 2500, for example, part of the
trailer pneumatic system. As shown, the thumb 2330 com-
presses on the top 2510 of the standard glad hand 2500 while
the conventional turn-locked locking shoulder 2530 is
unused, as such is omitted from the modified glad hand.
Rather, in this embodiment, the seal between opposing glad
hand grommets is secured by the pressurable engagement of
the thumb 2330. The thumb 2330 is, itself, actuated between
an engaged position (as shown) and a released position (not
shown, but pivoted out of engagement with the standard glad
hand) by an appropriate rotational driving mechanism—for
example, a direct-drive or geared rotary solenoid and/or
stepper motor 2350, that can include position locks or a
rotational pneumatic actuator. Alternatively, a linear actua-
tor, or other force-translation mechanism, can be employed
with appropriate links, gearing etc. The actuator 2350
receives signals from an appropriate controller within the
vehicle’s overall control system when a connection is to be
made or released.

[0151] In a further embodiment, the glad hand body (or a
portion thereof) can be magnetized or provided with (e.g.
powerful rare-earth) magnets, thereby allowing for magneti-
cally assisted alignment and a positive pressure seal with the
trailer glad hand. Such magnetic connection can also be used
to assist in connection and alignment of other types of
connectors, such as the above-described probe and recep-
tacle connector assemblies.

[0152] Invarious embodiment, the modified glad hand can
be used to interconnect directly from the AV yard truck’s
pneumatic system to that of the autonomously hitched/
unhitched trailer. A variety of mechanisms can be used to
perform this operation. Likewise, the connection described
above, or another form of connection can be used with an
appropriate guiding mechanism/system that can be inte-
grated with various sensor or the rear face of the truck (e.g.
cameras, LiDAR, radar, etc.).

[0153] In any of the embodiments described herein, it is
contemplated that the receptacle can be arranged to coexist
with conventional (e.g. glad hand) connectors and/or elec-
trical connectors. A Y-connector (not shown), can be
arranged to route to the receptacle(s) and to conventional
trailer connectors—e.g. standard or custom glad hands that
integrate with the conventional air system on (e.g.) an OTR
truck or conventional yard truck. The Y-connector can
include appropriate valves and venting so that it seals when
needed, but allows escape of air to depressurize the system
as appropriate. Battery powered or electrical-system-con-
nected air valves (e.g. linear or rotary solenoid driven
valves) of conventional design can be employed. This allows
the receptacle assembly to act as a true retrofit kit, that can
be mounted upon and stay with the trailer after it leaves the
yard, or can be mounted offsite—for example, for trailers
that will frequent the automated facility of the present
embodiments.

[0154] E. Automated Guidance of Trailer Pneumatic and
Electrical Connectors

[0155] Reference is made to FIG. 26, which shows an AV
yard truck 2600 having a conventional chassis bed 2610
with a fifth wheel 2612, and a cab 2620 in front of the
chassis bed 2610. The area 2630 in front of the fifth wheel
2612 has sufficient space (between the rear face 2622 of the
cab 2620 and the front face of a hitched trailer (not shown))
to accommodate a robotic framework 2640. In this exem-
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plary embodiment, the framework 2640 consists of an
upright post 2642 that is secured to the chassis bed 2610 at
an appropriate location (for example offset to the left side as
shown). The post 2642 can be secured in a variety of ways
that ensures stability of the robotic framework 2640—for
example, a bolted flange 2644 as shown. The upright post
2642 provides a track for a horizontal bar 2646 to move
vertically (double-arrow 2648) therealong. Motion can be
provided by drive screws, rack and pinion systems, linear
motors, or any appropriate electrical and/or pneumatic
mechanism that allows displacement over a predetermined
distance (for example, approximately 1-2 feet in each direc-
tion). The horizontal bar 2646 could also support a rear-
wardly directed telescoping arm 2650 so that it can move
(double-arrow 2652) horizontally/laterally from left to right
(with respect to the truck 2600). The arm can move (double-
arrow 2654) horizontally from front-to-rear using a variety
of mechanisms that should be clear to those of skill, thereby
placing an end effector 2656 (“coupling device™) at precise
X, V, z-axis coordinates (axis 2660) within a predetermined
range of motion. The end effector can carry a modified glad
hand or probe head as described above for attachment to the
trailer glad hand or (e.g.) receptacle. The end-effector-
mounted coupling device 2658 has a side-ported pneumatic
hose 2662, that is, itself, linked to the vehicle port 2664 on
the rear face 2622 of the cab 2620. That is, the end effector
2656 is moved via the controller 2670, which receives inputs
from sensors 2672 of the type(s) and function(s) described
above (camera, laser rangefinder, etc.). These sensors deter-
mine the position in 3D space of the trailer connector when
present (e.g. after hitching is complete).

[0156] Inoperation, using the robotic framework 2640, the
alignment of the telescoping end effector 2656, and associ-
ated connector 2658 (e.g. the modified glad hand clamp) is
directed, in part, by sensors 2672 in the form of 2D or 3D
cameras. However, more detailed information of the trailer
type and precise receptacle location can also be read off of
the trailer (e.g.) using a QR/Bar or other appropriate, scan-
nable ID code, RFID or other data-presentation system. This
embedded value can provide a precise X, y, z-coordinate
location of the receptacle and optionally the rotations, Ox,
Oy and Oz, about the respective X, y and z axes. In an
embodiment, the location can be computed in relation to a
fixed point, such as the code sticker itself, kingpin, trailer
body edge and/or corner, etc. In another embodiment, the
receiving connector is surrounded by a specific pattern of
passive reflective stickers that can be used to home in on the
specific location of the receiving connector.

[0157] As described above, a conventional or custom
passive or active RFID sticker/transponder, or another track-
able signaling device can be placed directly on the trailer
connector (e.g. glad hand), to assist the end effector 2656 in
delivering the connector(s) 2658 precisely to the alignment
position. The sticker can either be placed at the time of the
guard shack check-in, or by the driver, as the OTR connec-
tors are disengaged.

[0158] Another embodiment of a robotic manipulator
2670, mounted on the rear of an AV yard truck 2660, is
shown in FIG. 26A. This manipulator, 2670, also adapted to
handle the AV yard truck’s service connector (e.g. emer-
gency brake pneumatic line connector) and defines three
orthogonal axes of motion. It consists of a horizontal, base
linear actuator or motor 2672, arranged to carry a shuttle
2674 forwardly and rearwardly a sufficient distance to reach
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the receiver on the trailer (not shown) in a rearward orien-
tation and clear the trailer’s swing motion in a forward
location (e.g. at least approximately 1-4 feet of motion in a
typical implementation). The shuttle 2674 supports a per-
pendicular linear motor 2676 that moves a third, orthogo-
nally arranged horizontal linear motor 2678 upwardly and
downwardly (vertically, e.g. approximately 1-3 feet). The
third motor 2678 includes a mounting plate 2680 that can
hold a gripper or other hand assembly that can move in one
or more degrees of freedom (e.g. 1-3 feet) and selectively
grip the service connector for insertion into the trailer
receiver/coupling. The linear motors can be effectuated by a
variety of techniques. For example, each can include a
stepper or servo motor 2682 at one end, that drives a lead
screw. Other mechanisms, such as a rack and pinion system
can be used in alternate arrangements. As with other
manipulators herein, the range of motion for each axis or
degree of freedom is sufficient to ensure that during transit
of the truck, the robot does not interfere with normal
operation, including swing of the trailer during turning, and
also to ensure that the hand or end effector of the robot can
reach and insert a carried connector/coupling into an appro-
priate receiver/receptacle on the trailer during hitching and
hook-up.

[0159] FIG. 27 depicts an AV yard truck 2700 with auto-
mated connection system 2710 according to another
embodiment. This system 2710 employs a U-shaped frame
2720 with opposing uprights 2722 on each of opposing sides
of the cab rear face 2730, and a base bar 2724 mounted to
the chassis 2732. The uprights 2722 each carry a gear rack
that is engaged by a servo or stepper driven pinion on each
of opposing sides of a cross bar 2740. The cross bar 2740
moves upwardly and downwardly (vertically, as shown by
double-arrow 2742) based on control inputs from a control-
ler 2750 that receives position information on the trailer
connector based on rear-facing, cab mounted cameras 2752,
and/or other appropriate sensor type(s). A telescoping arm
2760, with appropriate end effector 2764 (and/or directly
arm-attached connector/glad hand), moves laterally (hori-
zontally, as shown by double-arrow 2762) based on the
controller using (e.g.) a leadscrew drive, linear motor or rack
and pinion system. Telescoping is provided by another
motor or actuation system that should be clear to those of
skill, thereby providing at least three (3) degrees of freedom
of motion. The end effector 2764 can, optionally, include
articulated joints, knuckles and/or other powered/movable
structures clear to those of skill (in both this embodiment
and the embodiment of FIG. 26). The framework system
2710 can be custom-built, or fully/partially based upon an
existing, commercially available system, such as a printing
servo frame.

[0160] With brief reference to FIG. 28, an automated
connection arrangement 2800 can comprise a multi-axis
robot 2810, available from a commercial supplier, (or cus-
tom built), and adapted to outside/extreme environments as
appropriate. The design and function of such a robot should
be clear to those of skill. In general, the robot 2810 is
mounted to the chassis, behind the truck cab 2822. It
communicates with a controller 2830, which receives inputs
from one or more sensor(s) 2832. As described above, the
sensors 2832 can be used to identify both the trailer con-
nector and its associated 3D location and the 3D location of
the end effector 2840, and the associated connector 2842,
which is carried by that end effector. The connector 2842 is
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shown connected to a hose 2844, that is, likewise, connected
to the truck pneumatic and/or electric system. The end
effector is a distal part of fully articulated (e.g. 5 or 6-axis)
robot arm 2850 and base 2852. It is served (i.e. it is guided
using sensory feedback) by commands from the controller
2830. Where 2D or 3D camera sensors are employed (in any
of the embodiments herein), they can be connected to a
vision system 2860. A variety of commercially available
vision systems can be employed—typically operating based
on pattern recognition, and trained on model (e.g.) 3D data.
Such systems are available from a variety of vendors, such
as Cognex Corporation of Natick, Mass. These systems
include modules for robot control.

[0161] Using a fully-articulated, multi-axis robot can
enable the connector 2842 to be either modified or conven-
tional (e.g. a standard rotation-locked glad hand). In the case
of a conventional connector, the robot 2810 can be trained
to move the end effector containing the connector along its
several axes, in which the robot arm 2850 and base 2852 is
trained to align and rotate the (e.g.) glad hand into a securely
locked/sealed position during connection, and to counter-
rotate/unlock the glad hand during disconnection.

[0162] FIGS. 28A-28C depict an automated connection
arrangement 2860 according to another embodiment. The
arrangement 2860 consists of a horizontally, left-right, posi-
tioned linear actuator or screw-drive base 2862 (as also
described generally above-see, for example, FIG. 26A) with
a baseplate 2863 mounted to the actuator/screw-drive 2862,
allowing for lateral movement (double arrow 2864) across
the back of the truck 2865 (e.g. approximately 1-3 feet).
Attached to the baseplate 2863 is a large hydraulic or
pneumatic piston 2866, with an articulating end-effector
(also termed a “hand”) 2867, shown holding onto a releas-
able coupling assembly 2868 (see, for example the female
portion of the connector 880 in FIGS. 8B-8E above), which
can remain connected to the trailer receiver after the end-
effector/hand 2867 has been retracted. Also associated with
the coupling 2868 is a side-ported pneumatic line/hose 2869
that connects back to the main AV yard truck air-system.
Routed with the pneumatic line 2869 is electrical power,
used to operate an actuation device on the air-connection
device (e.g. solenoid sleeve 892 in FIGS. 86-8E), as well as
to optionally connect electrical power to the trailer 2870 (as
described above—see for example, FIG. 8A). In addition to
the large piston 2866 that is primarily used to selectively
extend (e.g. 1-4 feet) the end effector 2867 out toward the
trailer 2870 and retract the end effector away from the trailer
2870 (double-arrow 2871), there is a smaller hydraulic or
pneumatic piston 2872 that is pivotally affixed to both the
baseplate, and as the belly side of the large piston 2866.
Motion (double-arrow 2873, 3-9 in) of this smaller piston
2872 is responsible for allowing the entire arrangement to
move up/down by inducing rotation about a base pivot 2874.
More particularly, the motions of three discrete actuators is
coordinated to allow the end effector 2867 and its gripped
connector 2868 to move in two orthogonal directions—
vertically (double-arrow 2880 and horizontally (forwardly/
rearwardly—double-arrow 2878). That is, as the large/main
piston 2871 strobes inwardly and outwardly, and appropriate
height is maintained by changing the position of the smaller
piston 2872 (which also has a smaller effect on front-to-rear
position). A rotary actuator 2880 changes the relative angle
(double-curved-arrow 2881) of the end effector 2867 so that
the gripped connector 2868 remains horizontally aligned
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(level) with the trailer receiver 1430 (described above). That
is, as the smaller piston 2872 changes the angle of the larger
piston 2866 relative to the truck, the rotary actuator re-levels
the end effector. Appropriate motion sensors, accelerom-
eters, gyros and other position/attitude sensors can be
employed to maintain level. Such sensors can be located on
the end effector and/or elsewhere on the arrangement 2860.
Alternatively, or additionally, using stepper motors, differ-
ential controllers, etc., the angular orientation of the end
effector 2867 can be computed based on the relative posi-
tions of the two pistons 2866, 2872, and the rotary actuator
2880 can be adjusted to level the end effector 2867 (in a
manner clear to those of skill).

[0163] In an embodiment, a camera 2882 and ranging
device 2884 of conventional or custom design are mounted
on top of (or at another location on) the end effector. These
components are interconnected via wires or wirelessly to a
processor (e.g. the AV yard truck controller 2886, or a
module thereof), which operates a vision system to assist in
coupler/receiver alignment (as described above). Ranging
and alignment are also assisted by any of the previously
mentioned optional components or arrangements above (e.g.
reference position to known location, reflective patterned
stickers, etc.).

[0164] In operation, the arrangement 2860 of FIGS. 28A-
28C, initiates function after the AV yard truck 2865 hitches
to the trailer 2870 under operation of the controller 2886.
The controller (or another processor/module) 2886 then
instructs the end effector 2867, which is gripping the coupler
2868 to move from a retracted position toward the receiver
1430 on the trailer. The camera 2884 and range finder 2882
acquire the receiver 1430 using a variety of techniques as
described above. Other cameras on the truck rear face 2888
can also assist in locating the receiver as appropriate. The
controller 2886, or a localized motion module/processor on
the arrangement 2860 servos the linear motor 2862 to
laterally (side-to-side) align the end effector 2867 and cou-
pler 2868 with the receiver. Subsequently, or concurrently,
the large and small pistons 2866 and 2872 are stroked (large
piston outwardly and small piston inwardly) while the rotary
actuator 2880 rotates to maintain a level angle, thereby
bringing the coupler 2868 into engagement with the receiver
1430. After engagement, the electronic locking solenoid in
the coupler de-energizes and causes the (e.g. female) quick
disconnect fitting to springably lock onto the receiver (e.g.
male) fitting. The end effector 2867 then releases and the
arrangement returns to a retracted location on the truck
chassis rear—out of interfering contact with the trailer. The
connection is made only by the flexible pneumatic line 2869,
which can bend and stretch freely as the trailer swings
relative to the truck during normal driving motion.

[0165] Disconnection of the coupled connectors 1430,
2868 is the approximate reverse of connection, as described
above. That is, the end effector moves back into engagement
with the coupler 2868 and grips it. The solenoid in the
coupler energizes, allowing for unlocking from the fitting in
the receiver. The pistons 2866, 2872 and rotary actuator
2880 move in a coordinated manner to withdraw the coupler
and move it to a neutral (retracted) location. The linear
actuator 2862 can also move to a neutral location as appro-
priate. The trailer is then unhitched in a manner described
above.

Aug. 20, 2020

III. AV Yard Truck Operation

[0166] Further to the general operation of an AV yard truck
as described above, once the designated trailer has been
successfully secured/hitched to the AV yard truck (pneu-
matic line(s), optional electrical connections, and kingpin),
the fifth wheel is raised by operation of the controller, in
order to clear the landing gear off the ground, and the trailer
is then hauled away. Reference is made to the block diagram
of FIG. 29, showing an arrangement 2900 of functions and
operational components for use in performing the steps
described above—particularly in connection with the hitch-
ing of a trailer to the AV yard truck. As shown, the processor/
controller 2910 coordinates operation of the various func-
tions and components. The AV yard truck is instructed to
drive to, and back into, a slip containing the trailer. This
movement can be based on local or global navigation
resources—such as satellite based GPS and/or yard-based
radio frequency (RF) beacons 2920. Once within optical
range, the camera(s) and/or other sensors (e.g. RF/RFID-
based) 2930 can transmit images of the trailer to the vision
system process(or) 2912, locating the trailer’s receptacle or
similar connector. As the receptacle/connector is identified,
the truck and/or manipulator (e.g. robotic framework, robot
arm, etc.) 2940 can be servoed by the vision system to
attempt to align the end effector and associated truck probe/
connector with the trailer receptacle/connector. This can
include a variety of motion commands (denoted “cmd”),
including moving the framework/arm left 2942, right 2944,
up 2946 and down 2948, and extending/retracting 2950 the
(e.g.) telescoping arm/member of the robot manipulator to
move the truck probe/connector a desired 3D location and
impart a required attachment motion i.e. insertion of a probe
into the receptacle. Appropriate knowledge (denoted as
“pos-meas” of current arm position (e.g. counting stepper
motor/encoder steps, providing servo feedback and/or using
visual tracking via a guidance camera assembly) can be
returned to the processor 2910 as the arm components move.
The arm can be released (block 2952) at this time so the
connection between the truck and trailer pneumatics (and
optionally, electrics) is able to flex as the vehicle turns. Once
connected, the pneumatic pressure of the truck is switched
on (block 2960) by the controller. The controller also then
lifts the fifth wheel when using appropriate hydraulic/pneu-
matic (more generally, “fluid” herein) pressure actuators on
the truck to raise the trailer landing gear out of engagement
with a ground surface and allow it to be hauled to another
location in the yard.

IV. Additional AV Yard Truck Devices and

Operations
[0167] A. Secondary Pressure Source
[0168] Inorder to simplify yard truck to trailer connection

for the large variations in service connection locations that
exist, one option is to produce adapter connectors that could
be applied to any configuration, producing a universal
connection location on any trailer. This connector can be
provided and/or connected at the guardhouse, or by the
driver during OTR disconnection. In addition, a provided
glad-hand to universal connection air-line adapter’s could be
connected to the trailer’s existing glad-hand system by the
OTR driver, during disconnection. This can allow for a
variety of options, more suitable for AV truck connection, to
be accomplished. Also, in addition to the universal adapter,
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the system can include a cone that shrouds the universal
connector and allows for a reduction in the need for accuracy
of alignment. The cone can physically assist in the guiding
and alignment of the service line connection.

[0169] To avoid the need for any service (pneumatic, etc.)
connection from AV yard truck to trailer, in an alternate
arrangement, a compressor or pre-compressed air tank can
be secured to the trailer (e.g. at the guardhouse, or by the
driver, during OTR disconnection). The pressurized air can
be capable of releasing the emergency brakes of the trailer
via a (e.g. RF) signal (from the AV yard truck), or a
physically closed contact occurring during the kingpin
hookup of the AV yard truck that senses that the trailer is
now hitched to the truck. This system can then be removed
when the trailer exits the yard via the guard shack. As
needed, the tank can be recharged for future reuse by a
compressor system within the yard.

[0170] B. Automated ‘Tug-Test’

[0171] A truck tug-test is a mechanism by which the
fifth-wheel connection of a truck to its trailer is confirmed by
placing the truck into a forward gear and pulling against the
trailer while the trailer’s brakes are still engaged. If the truck
encounters strong resistance, this proves that the fifth wheel
engagement has been successful.

[0172] From a safety standpoint, it is desirable that this
same tug-test be employed by an autonomous (e.g. AV yard)
truck. With reference to the procedure 3000 of FIG. 30, the
autonomous truck tug-test procedure 3000 assumes that
before being activated the truck is positioned such that the
entire fifth wheel is under the front edge of the trailer
floor/skid plate (the trailer is physically sitting on the tractor
fifth wheel) there is no gap between the fifth wheel and the
trailer floor/skid plate, and the fifth-wheel has been raised
sufficiently so that the trailer’s landing gear is clear of the
ground (in order to avoid landing gear damage during test).
Further, the autonomous truck tug-test procedure 3000 is
adapted to detect proper mechanical coupling with a fifth
wheel in the absence of any feedback from the fifth wheel
unlatch control valve, thereby indicating if the kingpin jaws
on the fifth wheel are in the open position.

[0173] Before beginning the autonomous truck tug-test
procedure 3000 to confirm proper mechanical coupling of a
fifth wheel with a trailer, the autonomy system on the truck
connects the truck’s fifth wheel to the trailer kingpin and
gets the truck in a state where, a) no throttle is applied, b) full
service brakes are applied to the truck, c) the steering wheel
is pointed straight ahead, and d) no air is supplied to the
trailer brakes (precondition box 3002).

[0174] The autonomous truck tug-test procedure 3000
begins by commanding the transmission to transition to
FORWARD (or DRIVE) in step 3004. As soon as the
transmission, via the controller, returns a status value indi-
cating that it is in FORWARD (decision step 3006), the
autonomous truck tug-test procedure 3000 fully releases the
service brakes in step 3008, and when confirmed (decision
step 3010), the autonomous truck tug-test procedure 3000
then drives the truck forward (step 3012), by commanding
a preset throttle effort, and monitors, (a) the tractor longi-
tudinal acceleration, and (b) the tractor forward distance
traveled. Additionally, depending on the drive train on the
truck, the autonomous truck tug-test procedure 3000 also
monitors either the drive motor current and/or the engine
RPMs. If, upon the application of the preset throttle effort,
it is determined by the process(or) that the actual forward
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movement of the truck system does not match (or is less than
an experimental percentage based upon current and future
testing) the forward motion profile of the truck without a
trailer connected to it (decision step 3014), then the autono-
mous truck tug-test procedure concludes that the mechanical
coupling of the fifth wheel with the trailer is successtul (step
3018), and the procedure 3000 concludes (step 3020), and
the system is notified of such success. Conversely, if after
step 3012, the truck moves, and its forward motion profile is
the same/similar to when no trailer is connected (decision
step 3014), then the autonomous truck tug-test procedure
3000 concludes that the mechanical coupling of the fifth
wheel with the trailer has failed (step 3022) and immediately
notifies the system while releasing the truck throttle and
fully applying the service brakes (step 3024). The procedure
again ends at step 3020 awaiting a repeat attempt to hitch the
trailer and/or operator intervention.

[0175] In various embodiments, a multiple tug test proce-
dure can consist of successive single tug tests. Upon suc-
cessful completion of initial tug-test, and following connec-
tion of air and electrical cables to the trailer, the fifth wheel
is commanded to raise the trailer to a driving height, with
possibly a forward motion to ensure that the back of the
trailer is not dragging weather stripping on dock doors. After
the trailer has been lifted to a driving height, some customers
and application areas would prefer that an additional, final
tug be performed as an additional check that the mechanical
mating of the tractor and trailer is complete. In this case,
since air has been provided to the trailer to remove emer-
gency brakes, either this air must be removed to re-engage
emergency brakes, or air must be supplied on the service
brakes to the trailer. Following, a brief forward throttle or
propulsion is applied to the tractor, to perform a tug on the
trailer and ensure the tractor remains engaged with the
trailer.

[0176] With reference to the procedure 3030 of FIG. 30A,
the autonomous truck tug-test procedure 3030 assumes that
before being activated the truck is positioned such that the
entire fifth wheel is under the front edge of the trailer
floor/skid plate (the trailer is physically sitting on the tractor
fifth wheel) there is no gap between the fifth wheel and the
trailer floor/skid plate, and the fifth-wheel has been raised
sufficiently so that the trailer’s landing gear is clear of the
ground (in order to avoid landing gear damage during test).
Further, the autonomous truck tug-test procedure 3030 is
adapted to detect proper mechanical coupling with a fifth
wheel in the absence of any feedback from the fifth wheel
unlatch control valve, thereby indicating if the kingpin jaws
on the fifth wheel are in the open position.

[0177] Before beginning the autonomous truck tug-test
procedure 3030 to confirm proper mechanical coupling of a
fifth wheel with a trailer, the autonomy system on the truck
a) has backed the tractor up to hitch the trailer such that the
system believes the trailer’s kingpin has been inserted into
the tractor’s fifth wheel hitch, b) no airline (emergency or
service brakes) connections have been made to the trailer,
and c¢) the tractor is stationary, with service brakes applied
(precondition box 3032).

[0178] Preparation for the tug test includes applying ser-
vice brakes on the tractor, commanding the FNR to FOR-
WARD, and releasing the throttle/propulsion (step 3034).
The system confirms the conditions that a) the tractor is
stationary (zero speed) and b) FNR is in FORWARD (deci-
sion step 3036). If the conditions are not met, the procedure
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returns to step 3034. If the conditions are met, the procedure
then attempts movement at step 3038. Attempting move-
ment at 3038 includes a) noting navigation data (e.g. posi-
tion, odometer), b) applying a predetermined percentage (X
%) of throttle/propulsion profile for a predetermined number
of seconds (Y). At decision step 4040, the procedure deter-
mines if the tractor moved, based on navigation data. If the
tractor moved, the tug test has failed, and the procedure ends
at step 3042 awaiting a repeat attempt to hitch the trailer
and/or operator intervention. If the tractor did not move, the
procedure advances to decision step 3044 and determines if
the trailer cam unhitched by checking the state of the hitch.
If the trailer became unhitched, the procedure ends at step
3046 awaiting a repeat attempt to hitch the trailer and/or
operator intervention. If the trailer did not come unhitched,
the procedure ends at step 3048 with the iteration of the tug
test being passed.

[0179] The procedure 3030 can be repeated as multiple
parts of a multiple tug test procedure 3050, as shown in FIG.
30B. At decision step 3052, the system determines if the
hitch reports the kingpin is inserted. If the hitch reports that
the kingpin is not inserted the procedure ends at step 3054
awaiting a repeat attempt to hitch the trailer and/or operator
intervention. If the hitch reports that the kingpin is inserted,
the procedure advances to step 3056 to perform the first
iteration of the single tug test procedure 3030. If the first
iteration of the tug test is passed and ends at 3048 (FIG.
30A), the multiple tug test procedure 3050 then raises the
fifth wheel by a predetermined small distance at step 3058.
After raising the fifth wheel by the predetermined small
distance, the multiple tug test procedure 3050 performs the
single tug test procedure 3030 a second time at step 3060. If
the second iteration of the tug test is passed and ends at 3048
(FIG. 30A), the multiple tug test procedure 3050 then makes
the trailer air and/or electrical connections at step 3062.
After making the connections, at step 3064 a) the trailer is
supplied with air, b) the transmission is put in park, c) the
service brakes are released, d) the trailer is raised to driving
height, and (optionally) e) the tractor pulls slightly forward
to move the trailer away from the dock. The trailer air supply
can then be removed at step 3066. At 3068, the multiple tug
test procedure 3050 can perform the single tug test proce-
dure 3030 for a third and final time. If the single tug test
procedure 3030 is passed at step 3068, the procedure ends at
step 3070 and the system is notified of success.

[0180] Different customers and mission environments
require selection and customization of the automated tug-
tests. The automated tug-test conceived here is configurable
with respect to enablement of individual tugs, and selection
of parameters of the complete test.

[0181] C. Glad Hand Gross Detection

[0182] Referring again to the description of the modified
glad hand-based connection system, shown and described
with reference to the embodiment of FIGS. 23-25, it is
contemplated that the conventional (i.e. unmodified) glad
hand connections on a trailer front can be used to intercon-
nect pneumatic lines relative to the AV yard truck according
to embodiments herein. A trailer that can interoperate with
the AV yard truck herein with a minimum of, or substantially
free of, modification is logistically and commercially advan-
tageous. The embodiment of FIGS. 31-33 helps to facilitate
such operation. More particularly, it is desirable to provide
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a mechanism for gross detection of the conventional pneu-
matic connections (typically configured as glad hands) on
the front side of the trailer.

[0183] Reference is made to the exemplary trailer 31 of
FIG. 31. Where a robotic manipulator (described above and
further below) is used to maneuver an end effector, contain-
ing a pneumatic (glad hand-compatible) connection, to a
corresponding glad hand 3120, 3122 on the front 3110 of the
trailer 3100, the gross position of the glad hands 3120 and
3122 can help narrow the search for the connection by the
end effector. In general, the glad hand(s) are mounted in a
panel 3130 that can potentially be located anywhere on (e.g.
dashed box 3140), and typically along the lower portion of,
the trailer front 3110. A system and method for the gross
detection of the glad hand (or similar trailer-mounted pneu-
matic and/or electrical connection) is provided in this
embodiment. This system and method generally provides a
sensor-based estimate of the location of the glad hand panel
on the front of the trailer is provided in this embodiment.
[0184] Once the glad hand panel 3130 is located on the
front face 3110 of the trailer 3100, the end effector can be
grossly positioned to align with it. Thereafter the connection
system can begin a fine manipulation of the end effector to
actually engage the glad hand with the end-effector-mounted
truck-based connector. An end effector-mounted sensor (e.g.
a vision system camera) can be used to finely guide the
connector into engagement with the trailer’s glad hand. The
data from the sensor/camera assembly 3210 is provided to a
machine vision system 3250 that determines the location of
the glad hands as described below.

[0185] With further reference to FIGS. 31 and 32, a
single-color camera or a combination of a color camera and
a 3D imaging sensor 3210 is/are provided at a location on an
autonomous truck 3220 that can be used to find the glad
hand panel 3130 on the front face 3110 of the trailer 3100.
The sensors 3210 for detecting the glad hand panel 3130 can
be statically mounted to the truck 3200 on, for example, the
roof 3220 of the cab 3230. The sensors 3210 are mounted so
that they have coverage over the expected areas on the
adjacent trailer front (when hitched or in the process of
hitching) where glad hands would be located. The sensor
coverage is shown as a shaded area 3250 on the depicted
trailer front 3110 in FIG. 32.

[0186] In operation, understanding the location of the
trailer face bounds the search in the sensor data for the glad
hand panel. In an exemplary embodiment, the sensor assem-
bly 3210 can include exclusively a 2D color camera. Using
acquired color images of the scene that includes the trailer
3100, the process identifies which image pixels are associ-
ated with the front face 3110 and which are background
pixels. The front face is highly structured and tends produce
prominent contrast-based edges using edge processing tools
generally available in commercially available machine
vision applications. From the edge information and the
(typically) homogeneous color of the front truck panel, the
trailer front face 3110 can be identified in the imagery.
[0187] In another exemplary embodiment, the sensor
assembly 3210 includes a dense 3D sensing, which is used
to detect the front face 3110 of the trailer 3100 using the
known/trained 3D geometric signature of the trailer face (for
example, a rectangle of a given height and width ratio). The
3D sensing can be accomplished using a variety of arrange-
ments including, but not limited to, stereo cameras, time-
of-flight sensors, active 3D LIDAR, and/or laser displace-
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ment sensors. These 2D and/or 3D sensing modalities each
return the generalized location and boundaries of the trailer
front face, and potentially its range from a reference point on
the truck.

[0188] After locating the trailer front face and bounding it,
the next step in the gross detection procedure is locating the
glad hand panel 3130 within the bounds of the trailer front
face 3110. With reference to FIG. 33, the reduced search
area 3310 comprising the image of the trailer front face 3110
is shown within the overall imaged scene 3300. Within the
reduced search area 3310, the expected polygonal (e.g.
rectangular) region of the glad hand panel 3340 is identified
based on the knowledge that glad hand panels are situated at
the bottom (dashed search box 3330) of the trailer front face.
[0189] Based upon identification of the outline/edges of
the trailer front face within one or more acquired images, as
described above, the gross detection procedure is completed
as follows:

[0190] (a) A diverse color sampling of pixels is made for
regions within the identified front trailer face but outside of
the expected region where glad hands are situated (the color
sample region 3350). This provides a color sampling of the
background color characteristics of the trailer.

[0191] (b) The background color samples are then com-
pared to the pixel colors within the expected search region
(dashed box 3330) for glad hand panels 3340. Since glad
hand panels are typically a different color/texture than the
background trailer color, the glad hand pixels will produce
a low color match response.

[0192] (c) Within the expected glad hand search region,
the color match responses are thresholded and then grouped
using (e.g.) a connected component analysis which will form
groupings of pixels. The groupings represent possible glad
hand locations.

[0193] (d) The groups of pixels are then analyzed for
shape properties and groups are discarded that do not have
a structured geometric rectangular shape. Additional shape
attributes such as size and width-to-height ratio can be used
to eliminate false glad hand panel detections. The remaining
groups are the highest probability candidates for the glad
hand panel.

[0194] (e) The shape attributes are also used to score the
remaining group candidates. The group with the highest
score has the greatest likelihood of being the glad hand
panel.

[0195] (f) Optionally, in an embodiment in which dense
3D sensing is used, if there are still multiple high probability
candidate regions for the glad hand panel, 3D geometric
cues can be used to filter out false positive candidates based
on the expected 3D characteristics of glad hands.

[0196] (g) The location/pose of the identified glad hand
panel and associated glad hand(s) in an appropriate coordi-
nate space—for example, a global coordinate space that is
relevant to the truck’s manipulator based upon calibration
with respect to the sensor(s) 3210—is then for use in a fine
localization process to be carried out by the robot manipu-
lator in connecting to the glad hand.

[0197] (h) The manipulator and its associated end effector
can be moved based upon gross motion data 3270 derived
from the present location of the manipulator assembly
versus the determined location of the glad hand panel 3130
and associated glad hands. This gross motion data 3270 is
delivered to the gross motion actuators 3280 of the manipu-
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lator assembly, or otherwise translated into gross motion that
places the end effector into an adjacent relationship with the
glad hands/glad hand panel.

[0198] D. Fine Localization of Glad Hand Pose

[0199] Once a gross estimation of the glad hand (and/or
glad hand panel) location is provided to the system, a
sensor-based estimate of the glad hand connector location/
pose is computed. As described further below, the robot
manipulator contains a separate or integrated gross manipu-
lation system that is adapted to place the connector-carrying
end effector, which also carries an on-board fine localization
sensor/camera into a confronting relationship with the
located glad hand panel. Since the panel can be located
anywhere on the trailer front face, the use of a gross
manipulator system limits the effort and travel distance
required by the fine adjustment actuators of the manipula-
tor—thereby increasing its operational speed and accuracy
in making a connection between the truck pneumatics (and/
or electrics) and those of the trailer. Thus, after moving the
manipulator into a gross adjusted position, the fine manipu-
lation system is now in a location in which it can detect the
glad hand pose on the panel. Any stored information already
available from the gross position system on connector pose
is provided to the fine system so that it can attempt to narrow
its initial search. If this information is inaccurate, the search
range can be broadened until the glad hand is located by the
fine position system.

[0200] Reference is now made to FIGS. 34 and 35 that
show a multi-axis robot manipulator assembly 3410
mounted on an autonomous truck rear chassis 3420 in a
confronting relationship with the glad hand panel 3430, and
glad hand(s) 3432 and 3434 of a trailer front 3440. The
trailer 3400 has been, or is being, hitched to the fifth wheel
of the truck chassis 3410.

[0201] As described above, the robot manipulator assem-
bly 3410 is a multi-axis, arm-based industrial robot in this
embodiment. A variety of commercially available units can
be employed in this application. For example, the model
UR3 available from Universal Robots A/S of Denmark
and/or the VS Series available from Denso Robotics of
Japan can be employed. The robot includes a plurality of
moving joints 3510, 3520, 3530 and 3540 between arm
segments. These joints 3510, 3520, 3530 and 3540 provide
fine motion adjustment to guide the end effector into engage-
ment with the glad hand 3432. The base joint 3510 is
mounted to the gross motion mechanism, which comprises
a pair of transverse (front-to-rear and side-to-side) linear
slides 3560 and 3570 of predetermined length, mounted and
arranged to allow the manipulator end effector 3450 to
access any location on the trailer front 3440 that may contain
the glad hand(s) 3432 and 3434. The slides can allow the
manipulator’s base joint 3410 to move according to a variety
of techniques, including, but not limited to screw drives,
linear motors, and/or rack and pinion systems.

[0202] Notably, the end effector 3450 includes the fine
motion sensor assembly/pod 3470 according to an embodi-
ment. The sensor assembly 3470 is connected to a vision
system and associated process(or) 3472 that can be all or
partially contained in the assembly 3470, or can be instan-
tiated on a separate computing device, such as one of the
vehicle’s onboard processor(s). The vision system can be the
same unit as the gross system 3250 (FIG. 33), or can be
separate. The gross and fine vision systems 3250 and 3472
can optionally exchange data as appropriate—for example,
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to establish a single global coordinate system and provide
narrowing search data from the gross pose to the fine pose
estimate. In general, the fine vision system generates fine
motion data for use by the joints of the manipulator assem-
bly 3410 and this data is transmitted in a manner clear to
those of skill in robotic control, to the robot’s fine motion
actuators 3476. Note that the manipulator can also include
force feedback and various safety mechanisms to ensure that
it does not apply excessive force or break when moving
and/or engaging a target. Such can include mechanisms for
detecting human or animal subject presence so as to avoid
injuring a subject. One or more of the below-described
sensor types/arrangements, typically provided to the assem-
bly 3470, mounted on, or adjacent to, the moving end
effector 3450, can be used to finely determine glad hand
pose, and servo the robot to that location via a feedback
routine:

[0203] (a) A color or monochrome camera with motion
control can be moved using the delivery motion control
hardware to produce multiple image frames of the target area
(the glad hands). The collection of frames has a known
motion profile and stereo correspondence processing can be
performed and coupled with the motion profile to triangulate
image points to produce a three-dimensional range image.
[0204] (b) A fixed-baseline stereo camera can be defined
by a single camera, in which movement of the end effector
is replaced by two or more cameras separated by a fixed and
known separation. Such an arrangement can be mounted on
the end effector or another location, such as the base joint
3510, or the chassis itself. Stereo correspondence processing
and triangulation steps are used to produce a three-dimen-
sional range image.

[0205] (c) A structured light stereo camera can be used,
comprising a single camera in conjunction with an infrared
(IR) light pattern projector with a known relative pose to the
camera. The stereo correspondence processing incorporates
the known projected pattern to simplify the processing and
permit more dense coverage of the untextured surfaces of
the glad hand. A triangulation process is used to produce a
three-dimensional range image.

[0206] (d) A near IR camera can be used with a near IR
filter to take advantage of near IR illumination. Using a near
IR illumination will exaggerate the contact between the
rubber gasket in the glad hand and the rest of the glad hand
structure and background (as described below).

[0207] (e) A short-range laser ranger can be used to
provide additional distance information of the glad hand.
[0208] (f) Additionally, artificial lighting can also be
mounted on the end-effector 3450 to allow the vision sensor
in the assembly 3470 to image the glad hand in virtually any
lighting or weather conditions. The lighting can be in the
visible spectrum or can be in the near IR spectrum (or
another spectrum or combination of spectrums) to enhance
glad hand gasket detection.

[0209] (g) The sensor assembly 3470 can also include
other forms of distance-measuring devices, such as time of
flight sensors to enhance range measurement between the
end effector 3450 and glad hand(s) 3432 and 3434.

[0210] One method for fine detection of the glad hand
pose is by using machine vision to image and analyze the
circular rubber gasket 3480. This gasket 3480 has sufficient
contrast to the glad hand and surrounding structure that may
be reflected in the camera imagery. The tracking of the
rubber gasket 3480 by the fine sensor 3470 can provide a
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significant amount of information on the glad hand’s posi-
tion relative to the end effector 3450. FIG. 36 shows how the
detected rubber gasket 3480 of the exemplary glad hand
3434 is used to generate fine motion control commands for
the end effector 3450 to align with the gasket 3480. Since the
rubber gasket 3480 is typically annular, with a circular inner
and outer perimeter, it can be used to estimate angular offset
of the end-effector relative to the (e.g.) center/centroid 3630
of gasket 3480 based on the skew (image center 3640) of the
extracted shape in the imagery (which translates into an
ellipse defining a particular major and minor axis in an
acquired 2D image). The rubber gaskets on glad hands are
also typically a standard size, so that the dimensions of the
extracted gasket in the imagery can provide a metric of the
relative distance/range to the gasket, which can also be used
to determine the relative location of the center of the glad
hand. A short-range laser ranger (beam 3490) can be pro-
vided in the sensor assembly 3470 and used to provide a
second measurement of the end-effector range to the glad
hand.

[0211] Another related option for glad hand detection and
ranging via the glad hand gasket is to create a custom
molded glad hand seal with characteristics that aid in the
goal pose identification process. This seal can be impreg-
nated with additive material during polymeric curing, such
as magnetic particles, UV reactive particles, or molded to
assume a shape or texture that has other visual based feature
(colors, patterns, shapes, markers, etc.) that would aid in
pose identification through a variety of methods.

[0212] FIG. 36A is a perspective view of an exemplary
glad hand gasket with features to enhance autonomous
identification, location, and pose of the glad hand gasket.
The glad hand gasket can have different regions with dif-
ferent features so that the system can easily identify the glad
hand gasket by these features. As shown in FIG. 36A, the
glad hand gasket 3650 can have four distinct identification
regions 3652, 3654, 3656, and 3658, although it should be
clear that a gasket can have more or fewer than four
identification regions. The identification regions 3652, 3654,
3656, and 36538 can include different colors in various
regions, magnetic particles in various regions, UV reactive
particles in various regions, and/or other features to aid in
the location and pose identification process.

[0213] Another method for detecting the glad hand pose is
by employing a three-dimensional range image. By way of
non-limiting example, the edge 3620 of the unique adapter
plate 3710 of the exemplary glad hand 3700, as shown in
FIG. 37, can be identified by the fine motion system using
three-dimensional shape matching. One exemplary algo-
rithm, which allows identification of this feature, is based
upon Iterative Closest Point (ICP) algorithm, relying in part
upon constraints related to the consistent geometry of that
edge 3720 relative to the glad hand seal 3730. This enables
an estimate of the relative position and orientation (pose) of
the glad hand seal 3730 for fine positioning. See, by way of
useful background information, Besl, P. and N. McKay, A
Method of Registration of 3-D Shapes, IEEE Transactions
on Pattern Analysis and Machine Intelligence, vol. 14, no. 2,
February 1992, pp. 239-256.

[0214] In another embodiment, as shown in FIG. 38, a
rectangular tag 3810 can be affixed to the exemplary glad
hand 3800. This tag 3810 can be located at any position on
the glad hand framework that is typically visible to the fine
sensor assembly. In this embodiment, it is mounted on the
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outer end of the adapter plate 3820 using a spring-loaded
base 3840. In this example a hole in the base engages a
raised cylindrical protrusion 3830 to secure the base 3840 to
the adapter. Adhesives, fasteners or other attachment mecha-
nisms can be used as an alternative or in addition to the
depicted arrangement in FIG. 38. The tag 3810 provides a
visual (or other spectral) reference for simplifying and
improving the accuracy of the glad hand fine pose estimate
by the sensor assembly. The tag 3810 can be removably
attached to the glad hand using the depicted clip base 3840,
or other attachment mechanism, so as to provide repeatable
positioning of the tag relative to the underlying, associated
glad hand. The exposed (i.e. outer) surface of the tag 3810
can define a high-contrast rectangle (or other polygonal
and/or curvilinear) of known/stored dimensions. The fea-
tures of the tag can be extracted by the sensor assembly and
associated vision system using thresholding of the observed
intensity. The extracted image pixel coordinates can be
related to the planar physical dimensions of the tag using a
homography (transformation) in accordance with known
techniques. This transformation provides the rotation and
translation of the tag relative to the sensor’s coordinate
space. The known transformation between the sensor and
delivery coordinate frame and the known transformation
between the tag and the glad hand coordinate frame enables
an estimate of the glad hand pose for fine positioning.

[0215] An alternative to a single high contrast rectangle
for use as the tag 3810 is the use of a visual marker/fiducial
embedded within the bounded (e.g. rectangular) area 3850
of the tag 3810. Examples of this type of marker 3900 are
depicted in FIG. 39. The advantage offered by this visual
marker is more robust detection and homography estimation
in degraded environments or when a portion of the tag is
occluded. The generation of this form of visual tag and the
detection and pose estimation is known in the art and
described generally in Garrido-Jurado, S. et al., Automatic
generation and detection of highly reliable fiducial markers
under occlusion, Pattern Recognition, vol. 47, Issue 6, June
2014, pp. 2280-2292; and on the World Wide Web at the
Software Repository: https://sourceforge.net/projects/aruco/
files/?source=navbar. As shown the marker 3900 can com-
prise a matrix of 2D ID (barcode) patterns 3910, which
provide specific information on the identity, characteristics
and/or positioning of the glad hand, as well as other relevant
information—such as the identity of the trailer, its extents
and characteristics. In alternate embodiments, the tag can
define 3D shapes and/or features (for example a frustum)
that allow a 3D sensor to more accurately gauge range and
orientation of the glad hand.

[0216] Visual servoing can be used to achieve proper
positioning for a mating operation between the end-effector-
carried glad hand/connector and the trailer glad hand. The
end effector can be controlled using proportional velocity
control under operation of a control loop receiving pose
information from the fine vision system 3472. As the sen-
sor’s acquired image of the glad hand rubber gasket 3480
gets closer to the desired target position, the commanded
velocities of the manipulator joints driving end effector
converge to zero, at which point the end-effector is aligned
with the glad hand, and ready to perform the mating opera-
tion.

[0217] A blind movement (rotation about an axis passing
through the glad hand gasket centroid) can be used to mate
the end effector to the trailer glad hand. That is, once the glad
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hand location and pose are understood by the fine vision and
manipulator system, a blind movement of the end-effector
along the estimated normal to the glad hand can occur,
making the final physical contact to the glad hand. The move
is typically (but not necessarily) blind because the sensors
are too close to the target glad hand to produce useful
information.

[0218] In general, and as described below, once the truck
connector (e.g. glad hand) is mated fully to the trailer glad
hand, the end effector releases its grip upon the truck glad
hand via an appropriate release motion. The motion is
dependent upon the geometry of the end effector grasping
mechanism. A variety of grasping mechanisms can be
employed, and can be implemented in accordance with skill
in the art. After releasing the glad hand, the end effector can
return to a neutral/retracted position based upon motion of
both the fine and gross motion mechanisms to an origin
location.

[0219] As with other embodiments described herein, the
release of the mated truck glad hand from the trailer glad
hand can be performed in a similar manner to attachment.
The end effector is moved to a gross location and then the
fine sensor servos the end effector to the final position in
engagement with the mated truck glad hand. The end
effector then grasps the truck glad hand, blindly rotates it to
an unlocked position and it is withdrawn to the origin.

[0220] E. Gross Manipulation Systems and Operation
Thereof
[0221] As described above, the end effector carrying the

glad hand or other truck-based pneumatic (and/or electric)
connector can be moved via the manipulator assembly in an
initial, gross movement that places the end effector relatively
adjacent (and within fine sensor range of) the trailer glad
hand(s). Thereafter, the relatively adjacent end effector is
moved by the fine manipulation system into engagement
with the trailer glad hand.

[0222] A gross manipulation system is also desirable if the
fine manipulation system lacks the ability to reach glad
hands when the trailer is at an angle relative to the truck. The
gross manipulation system generally operates to move the
fine manipulation system within reach of the trailer glad
hands. In operation, the gross manipulation/movement sys-
tem can have one-two or three axes of motion along suffi-
cient distance(s) to locate the end effector in contact with the
trailer glad hand(s) at any expected location along the trailer
front face and/or at any pivotal orientation of the trailer with
respect to the truck chassis. A generalized gross manipula-
tion system can include: (a) a frame, comprising a structure
that is mounted to the yard truck; (b) a platform where the
fine manipulation assembly is integrated; (c) an x-axis
manipulation mechanism that moves the fine manipulation
system in the x-direction (i.e. front-to-rear of the vehicle);
(d) a y-axis manipulation assembly that moves the fine
manipulation system in the y-direction (side-to-side of the
vehicle); and (e) a z-axis manipulation assembly that moves
the fine manipulation system in the z-direction (vertically
with respect to the ground).

[0223] One embodiment is a 3-axis gross manipulation
system 4000 is shown in FIG. 40, located on the side of the
autonomous truck chassis 4010. This system 4010 includes
an x-axis rail or slider 4012, a y-axis rail/slider 4014 and a
z-axis rail/slider 4016. The base 4018 of the robotic manipu-
lator (the depicted multi joint arm assembly) 4020 rides
vertically along the z-axis rail/slider 4016, whilst the z-axis
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rail travels laterally along the y-axis rail/slider 4014. In turn,
the y-axis rail slider travels front-to-rear along the x-axis
rail/slider 4012, thereby affording the arm base 4018 full
three-dimensional gross movement within the range (length)
of each rail/slider. Use of a multi-axis system improves the
overall motion range for the robotic manipulator arm 4020,
and thereby allows the arm’s end effector 4022 to reach a
larger range of trailer pivot angles and glad hand locations
along the trailer front face 4030, including the depicted glad
hands 4040 and 4042.

[0224] The improved gross motion range provided by the
exemplary 3-axis system 4000 is exemplified in FIGS. 41
and 42. In FIG. 41 the trailer front face 4030 is pivoted with
respect to the truck chassis at a steep angle that places the
trailer glad hands 4040 and 4042 at a distant rearward angle.
The manipulator arm base 4018 is moved rearward and
leftward on the x-axis rail/slider 4012 and y-axis rail/slider
4014, respectively, to a nearly maximum distance. This
allows the end effector 4022 to reach the glad hand(s) 4040
and 4042, even at the extreme geometry depicted. Likewise,
in FIG. 42, the trailer front face 4030 is pivoted at an
opposing steep angle. In this example, the manipulator arm
base 4018 is moved to a slightly forward and rightmost
position by the x-axis rail/slider 4012 and y-axis rail/slider
4014, respectively, allowing the end effector 4022 to reach
the glad hands 4040 and 4042, which now reside further
forward and centered on the chassis, when compared to FIG.
41. The exemplary multi-axis gross manipulation system
4000 can contain one or more of the linear actuation devices
described above (e.g. linear motors, lead screws, rack and
pinion gears, etc.). Note that the vertical position of the base
4018 along the z-axis rail/slider 4016 is chosen to make the
arm appropriately level with the height of the glad hands
4040, 4042. The height/level of the base 4018 may differ
from the actual glad hand height to allow for bends in certain
manipulator arm joints.

[0225] Another embodiment of a gross manipulation sys-
tem 4300 is shown in FIG. 43. In this arrangement, the
system is mounted on an upright frame 3420 behind the cab
4310 of the autonomous truck. A platform 4330 is mounted
on a hinge 4332. The platform supports the fine manipula-
tion system 4340 at a top end and is adapted to pivot
downwardly on the hinge 4332 to adjustably extend (curved
arrow 4334) the fine manipulation system 4340 toward the
trailer front face 4350. This pivotal extension can be accom-
plished using (e.g.) any acceptable linear actuator described
above. In the depicted exemplary embodiment, a fluid (e.g.
hydraulic or pneumatic) piston 4360 is used to extend and
retract the hinged platform 4330. The piston is pivotally
mounted between the upright frame 4320 and the hinged
platform 4330. Extending the piston ram 4362 causes the
platform 4330 to hinge downwardly, as shown in FIG. 44.
This moves the manipulator arm system 4340 closer to the
trailer front face 4350. When the ram 4360 is retracted into
the piston 4360, as shown in FIG. 43, the manipulator arm
system 4340 is retracted upwardly and towards the cab 4310.
This takes it out of interference with the trailer when not in
use. The piston 4360 and hinged platform 4330 effect
coordinated motion along the x-axis and z-axis directions.
The geometry of the platform and motion characteristics of
the arm are coordinated in the overall design so as to allow
the end effector 4380 to access the glad hand(s) 4410 and
4412 in a range of possible positions and trailer orientations.
While not shown, the hinge axis 4332 (or another element in
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the system 4300) can include a y-axis slider/rail (e.g. a lead
screw, linear motor or rack and pinion system that facilitates
y-axis (side-to-side) movement). In an exemplary embodi-
ment, the y-axis assembly can be electromechanically
driven, while the x/z-axis assembly can be fluid-driven
(hydraulic/pneumatic).

[0226] It is contemplated in another embodiment that the
gross manipulation mechanism can be part of a separate
vehicle. This separate vehicle can be manually driven or
comprise an autonomous robotic vehicle (not shown)—
which can be similar to those commercially available from
a variety of vendors for use in hazardous environments, etc.
A fine manipulation arm assembly is mounted on the
vehicle/robot. The vehicle/robot can move along the truck
length and provide fine manipulation access to the truck
hoses and trailer glad hands. The separate vehicle can
communicate with the yard truck and/or the system server
and execute an attach or detach command as desired.
[0227] F. Systems for Fine Manipulation and Delivery of
a Truck Glad Hand

[0228] Upon sensing of the glad hand location on the
trailer front face, a combination of fine and/or gross manipu-
lation system can be used to connect the manipulated truck
glad hand interface onto the fixed position trailer glad hand.
The fine manipulation system is used in accordance with the
sensor-based glad hand perception system described above
(see Section K).

[0229] An embodiment of this fine manipulation system
consists of a tightly controllable, multi-axis robotic manipu-
lator (multi joint arm) that can compensate for variations in
trailer pivot angle with respect to the truck, glad hand
position on the trailer front face, glad hand angle with
respect to the plane of the trailer front face, and overall
trailer height. The system is capable of depositing/releasing
and grasping/retrieving the glad hand interface. The multi-
axis manipulator system can contain any or all modalities for
linear travel including electro-mechanical actuation, in
which one or more electric motors are used to move the
system components, such motors can include integrated or
integral motion feedback devices (e.g. stepper motors,
encoders, etc.) that allow the robotic controller to monitor
motion with respect to a given coordinate space. An example
of such an electromechanical manipulator system is shown
in FIG. 45. The depicted, tightly controllable, 6-axis robotic
arm 4500 can be commercially sourced from, a variety of
vendors, including Universal Robotics and Denso, described
above. The manipulator arm 4500 includes a base 4510 that
is attached to an appropriate platform (such as a gross
manipulator, described above). The base can rotate a first
transverse joint 4520 about a first vertical axis AX1. The first
joint 4520 rotates about a second, transverse axis AX2 so as
to swing an elongated arm segment 4530 through an arc. On
the distal end of the arm segment 4530 is mounted another
joint 4540 that rotates about a transverse axis AX3 to swing
an interconnected arm segment 4550 about an arc. The distal
end of the arm segment 4550 includes three joints 4560,
4570 and 4580 that rotate the end effector 4582 about three
orthogonal axes AX4, AX5 and AX6 in the manner of a
wrist. The end effector 4582 can include a variety of actuated
mechanisms, including the depicted gripper fingers that
move into and out of a grasping configuration. In embodi-
ments a specialized end effector can be used to grasp and
release the truck’s glad hand interface. The end effector
4582 can be actuated using electrical, pneumatic or hydrau-
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lic motive force under control of the robot controller 4590
(that also moves and monitors the joints 4510, 4520, 4540,
4560, 4570, 4580). Alternatively, a separate controller that
also communicates with the fine sensing system 4592 can
actuate the end effector.

[0230] In alternate embodiments, the robotic arm manipu-
lator can define a differing number of motion axes, as
appropriate to carry out the desired grasping and releasing
tasks. In further alternate embodiments, some or all of the
manipulator motion elements can be operated with differing
mechanisms and/or motive forces including, but not limited
to, hydraulic actuation, using hydraulic pressure to extend or
retract a piston in a cylinder and/or pneumatic actuation,
using air pressure to extend or retract a piston in a cylinder.

[0231] G. Glad Hand Interface Mechanisms and Opera-
tional Methods
[0232] As described above, various mechanisms can be

used to create a pressure-tight connection between the truck
pneumatic (and/or electric system) and a fully or substan-
tially conventional glad hand mounted on the trailer front
face. Some implementations of a connection mechanism/
interface employ a similarly conventional glad hand geom-
etry on the truck pneumatic line, while other implementa-
tions utilize a modified connection.

[0233] One system entails modification of the truck glad
hand to provide a favorable interface that allows for leverage
and integration with a robotic end effector to twist and lock
the glad hand into place. The system is composed of (a) a
conventional glad hand connector on the trailer; (b) a glad
hand adaptor, which includes a mechanism to connect the
glad hand to a lever; (c) a lever, consisting of a long
extension to provide favorable leverage to twist the glad
hands into place; and (d) an end effector interface that
provides a location for an end effector to grasp and pivotally
move the lever.

[0234] An alternate technique, shown generally in FIGS.
46 and 46A, employs a clamp 4610 with an actuator 4620
that provides consistent force and seals the glad hand face.
A rotary actuator or linear actuator can provide linear force
to close the clamp from an opened, disengaged position
(FIG. 46) to a closed, sealed position (FIG. 46A), in which
top clamp pad 4630 is annular and is connected to a truck
pneumatic line 4640. The pad confronts, and seals against,
the trailer glad hand 4650 and associated seal 4660. More
generally, the bottom clamp pad 4670 bears against the
central barrel 4680 of the trailer glad hand 4650. The body
of the clamp 4610 is composed of two pivotally jointed
L-shaped sections 4612, 4614, each carrying a respective
clamp pad 4630, 4670. The clamp pads 4630, 4670 are,
likewise, carried on respective pivoting bases 4672, 4674.
The upper base 4672 receives a threaded connector 4676.
Clamping action by the actuator is used to pressurably
engage and disengage the trailer glad hand 4560. In an
alternate embodiment, a rotary actuator can be employed
instead of the depicted linear actuator, which serves to drive
a led screw that clamps and unclamps the arrangement.
[0235] FIGS. 47 and 47A provide another clamping
mechanism 4700 for selectively engaging and disengaging
the truck pneumatic source/line 4710 from a conventional
trailer glad hand 4720. This embodiment employs a spring-
loaded clamp body 4730 with a pair of pivoting clamp
members 4732, 4734. The clamp members 4732, 4734 are
spring-loaded to remain in a normally closed orientation
under a predetermined clamping pressure. When normally
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closed (FIG. 47A), the opposing clamp pads 4742, 4744 on
each member 4732, 4734 compress against opposing sides
of the trailer glad hand 4720. In this orientation, the upper
clamp pad 4732 includes an annular passage that seals
against and allows air passage into the trailer glad hand seal
4650 in a manner similar to the clamp 4600 of FIGS. 46 and
46A, described above. The fine manipulator end effector can
be used to deliver the clamping mechanism into alignment
with the trailer glad hand using servoing techniques and
sensor feedback as described above.

[0236] As shown in FIG. 47, the clamp members 4732 and
4734 each include a respective outer interface surface 4762,
4764, which can include a textured finish and/or friction-
generating material. The end effector 4770 of the fine
manipulator can grasp the interface surfaces and force the
clamp open as shown in FIG. 47. The clamp can be moved
into and out of alignment with the trailer glad hand 4720 in
this orientation. The end effector releases pressure on the
clamp members 4732, 4734 causing the internal spring (e.g.
a conventional torsion wrap spring) to pivot the clamp
members closed into sealed engagement with the trailer glad
hand 4720. The spring-loaded clamp is opened using the fine
manipulator system and positioned facing the center hole in
the glad hand. This spring-loaded clamp 4700 automatically
engages with the trailer glad hand when released in proper
alignment therebetween.

[0237] FIGS. 48 and 48A show another embodiment of an
arrangement 4800 for sealing the truck pneumatic source/
line 4820 with respect to a conventional trailer glad hand
4810. This embodiment employs a cone shaped plug 4830
that is pressed into the annular seal 4840 of the trailer glad
hand 4810 to provide a proper seal. The plug can define an
optional step 4832 that passes through and acts as a holding
barb with respect to the glad hand seal hole, so as to provide
extra holding strength. As another option (not shown) an
external clamp can be used to grip the back of the trailer glad
hand and provide positive pressure to seal. The plug is
aligned and pressed into place by an appropriately shaped
end effector on the fine manipulator. The plug can include a
bracket interface (not shown) that allows the end effector to
apply and remove the cone.

[0238] FIG. 49 shows yet another embodiment of an
arrangement 4900 for a connection between a conventional
trailer glad hand 4910 and a truck pneumatic source/line
4920, the pneumatic line includes an inflatable probe/plug
4930 that passes into the hole of the glad hand annular seal
4940. The plug is sealed around an internal line that exits in
an outlet 4950. The uninflated plug geometry allows it to
pass freely into and out of the glad hand seal hole. However,
when inflated in response to an engagement command (after
inserted) the interior of the plug expands, as shown, to seal
against the edges of the annular seal 4940. Upon proper
inflation of the plug into the glad hand pocket 4960, positive
pressure can be supplied to the system via the port 4950. The
plug can be constructed from a durable elastomeric material
(e.g. natural or synthetic rubber) that expands upon appli-
cation of inflation pressure. Appropriate adapters and/or
brackets can be employed to allow the end effector of the
fine manipulation system to carry, insert and extract the plug
with respect to the glad hand annular seal.

[0239] FIG. 50 shows another connection arrangement
5000 in which the trailer glad hand 5010 is provided with a
semi-permanently attached truck glad hand 5020 according
to a conventional rotary clamping motion. The truck glad
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hand connector 5020 now includes industrial interchange
pneumatic connector (a quick-disconnect) 5050. The truck
glad hand adaptor 5020 can include one or more fiducial(s)
5030 (e.g. ID codes with embedded information) for easier
recognition by the gross and/or fine manipulation sensing
system/camera(s). The interchange connection adaptor 5050
can be arranged to thread into the truck glad hand 5020, and
thereby allows for the connection of a corresponding indus-
trial interchange connector mounted on the end of the truck
pneumatic line (not shown), and which is carried into
engagement by the fine manipulator end effector. The fidu-
cial can also be carried on a bracket in a manner similar to
that described above with reference to FIG. 38. The fiducial
can, more particularly, define ArUco marker images that
provide pose estimation using a camera. The fiducial can
also be part of an arrangement of reflective points: defining
a reflective or high contrast coating to allow vision by a
sensor camera.

[0240] FIGS. 51 and 52 show another arrangement 5100
for attaching a truck-based glad hand connector 5110 to a
trailer glad hand 5120, shown mounted in tandem with a
second glad hand 5122 on the trailer front face 5124. The
glad hand connector 5110 is a modification of a conventional
glad hand unit. The glad hand 5110 includes a sliding sheet
metal retainer 5130, that rides (double arrow 5134) on a rail
5132, under the driving force of an actuator assembly 5136.
The actuator assembly can be operated by the sensor system
when the glad hand 5110 is aligned with the trailer glad hand
as shown in FIG. 51. In this orientation, the trailer glad
hand’s sheet metal retainer 5140 engages the truck glad
hand’s flange 5142. The actuator 5132 selectively engages
and disengages the sheet metal retainer 5130 of the modified
truck glad hand 6510 with the retainer 5130 of the aligned
trailer glad hand 5120. In engaging the retainer 5130, the end
effector 5160 rotates (curved arrow 5220) the glad hand
5110 into a parallel relationship with the trailer glad hand
5120, so that their respective seals 5170 and 5172 are
engaged and mated (See FIG. 52). Hence, in operation, the
end effector 5160 approaches the trailer glad hand 5120 at a
non-parallel angle AG that allows the flange 5142 to slip
under the fixed trailer glad hand retainer 5140 while the seals
5170 and 5172 are remote from each other (as shown in FIG.
51). The end effector then rotates the glad hand 5110 into a
parallel relationship with the trailer glad hand 5120. During
this step, the actuator 5136 slides the retainer 5130 into
contact with the trailer glad hand flange 5150 to compress-
ibly join the two seals 5170, 5172 together (as shown in FIG.
52). The end effector 5160 can release the attached glad hand
5110 at its grasping base 5180 and return to a neutral
position on the truck chassis thereafter. Disconnection and
removal of the glad hand 5110 from the trailer glad hand
5120 is the reverse of attachment—that is, the end effector
5160 is servoed to, and engages the glad hand grasping base
5180; the actuator 5136 releases the retainer 5130 and the
end effector 5160 rotates the glad hand 5110 to generate the
angle AG with respect to the trailer glad hand 5120; and then
the glad hand 5110 is moved away from the trailer glad hand
5120 to a neutral location, awaiting the next connection
cycle. This arrangement 5100 allows for relatively straight-
forward attachment and removal of the glad hand using a
robot manipulator. It avoids (is free of) the complicated
motions required in conventional glad hand interengage-
ment—which requires rotation about the seal centroidal
axis. Note that the glad hand grasping base can also act as
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an adaptor so as to allow pressurized air to pass through. The
actuator assembly 5136 can include the depicted pivoting
joints 5138 and linear actuator 5144. The actuator can
employ electrical, hydraulic or pneumatic motive force. An
appropriate line connection (not shown) to the actuator, so as
to provide power, can be provided and can run in parallel to
the truck pneumatic line (also not shown, but attached
generally to the grasping base 5180 to deliver pressurized air
to the glad hand pressure connection 5190).

[0241] FIGS. 53 and 53A show the general procedure
5300 for operation of the gross and fine localization and
manipulation for attaching truck pneumatic (or electrical)
connection to the trailer glad hand using one of the connec-
tion implementations described above. The procedure 5300
begins by finding the trailer face after the system receives a
connect command (step S310). The procedure 5300 deter-
mines whether the trailer pivot/hitch angle, with respect to
the truck chassis is available (decision step S312). If the
angle is available, the geometry data is provided to detect the
trailer face in acquired images from the gross detection
sensor (step S314). Conversely, if the angle data is not
available, then the gross sensor assembly can use (e.g.) color
contrast in acquired images of the trailer front face to detect
its location and dimensions (step S316). Once determining
the trailer location and dimensions, the procedure 5300
reduces the search area to the bottom region of the trailer
where glad hands/glad hand panel are likely located (step
S320).

[0242] Next, the procedure 5300 attempts to locate the
glad hand panel in the reduced search region, which may or
may not entail 3D sensing (decision step S322). If 3D
sensing is used by the gross sensing system, then the system
locates areas with geometric differences from the trailer
face, and stores image features therefrom, in step S324. If
3D sensing is not employed, the procedure 5300 can attempt
to locate the glad hand panel by identifying and storing color
features on the trailer face image(s) that differ from sur-
roundings (step S326). Based on feature information iden-
tified via step S324 or step S326, or (optionally) both, the
procedure 5300 then ranks locations on the trailer face from
highest to lowest probability of glad hand/panel presence
(step S330). This ranking can be based on a variety of factors
including the prevalence of glad hand/panel candidate fea-
tures, a strong pattern match of specific colors or shapes, or
other metrics. Trained pattern recognition software can be
employed according to skill in the art. In step S332, the
location with the highest rank is selected as the target for
gross position movement of the manipulator and the end
effector carrying the truck connection.

[0243] This location data is then used to guide the manipu-
lator and end effector using the gross positioning system in
step S334. The end effector is brought into proximity
with/adjacent to the candidate location whereby a fine sensor
(e.g. camera, 3D scanner, etc.) assembly carried on the end
effector and/or the manipulator can inspect the location for
glad hand features (step S336). If the fine sensing system
verifies that glad hand features are present at the location,
then the procedure uses that location for the fine manipula-
tion process (decision step S338). Conversely, if no identi-
fiable glad hand features or patterns are recognized by the
vision system associated with the fine sensing, then the next
highest rank feature set is chosen, and (if needed) the
manipulator is moved again in step S334 to inspect the next
location (step S336). This process repeats until the glad hand
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is located or no glad hand is found (at which point the
procedure reports an error or takes other action). Once a glad
hand location is confirmed, then (via decision step S338) the
procedure 5300 estimates the glad hand pose from images
acquired with the fine sensing system. This can include
image data derived from any combination of color, stereo
near IR or laser range finding, among other modalities (step
S350). The fine manipulator is moved toward the identified
coordinates of the trailer glad hand and in an orientation that
matches its 3D pose. Note that the carried truck-based
connector has a known pose that is correlated with the
determined pose of the trailer glad hand so that they can be
engaged. Visual/sensor-based feedback can be used to servo
the manipulator as it approaches the trailer glad hand (step
S360). The trailer glad hand is eventually engaged in the
appropriate orientation by the end effector and carried
connector in step S362. Once engaged, the connection can
be secured using appropriate motions and/or actuations of
the truck-based connector in accordance to any of the
embodiments described above or other appropriate connec-
tion mechanisms—including, where the manipulator has
been adapted, via the conventional rotational connection of
a conventional truck glad hand. The connection is tested for
security and success (decision step S380). Such tests can
include visual tests and/or whether the pneumatic system
holds its pressure. If successtul, the procedure 5300 signals
success and the manipulator can disengage the truck-based
connector and return to a neutral position (step S390). If the
connection test is unsuccessful (decision step S380), then
the procedure can instruct the manipulator to engage and/or
retrieve the truck-based connector (step S382). The fine
manipulator is then backed away from the trailer front face
(step S384) to a sufficient location and fine manipulation
steps 5360, 5362, 5370 and 5380 are repeated until the
connection tests successfully. If the test is unsuccessful after
a given number of attempts, then the procedure stops and
sends an alert to personnel, and/or takes other appropriate
action.

[0244] H. Autonomous-Only Glad Hand Adapters and
Connecting Tools

[0245] Where the connection between the truck and the
trailer is arranged to be implemented in a manner generally
free of human intervention (i.e. autonomous-only opera-
tion), the lad hand assembly can be provided in a form more
suited to automated handling—for example via a robotic
manipulator. The following are glad hand arrangements for
autonomous-only operation.

[0246] 1. Rigid Adapter

[0247] FIG. 54 shows an illustrative variation of the glad
hand adapter 5400 that is suitable for exclusively autono-
mous connections. This adapter 5400 includes a conven-
tional glad hand connection 5410 that is initially attached to
the trailer glad hand (e.g. at the yard gatehouse), so that the
adapter 5400 is semi-permanently attached to the trailer
during yard operations. Hence, the adapter 5400 converts the
standard trailer-mounted glad hand into an alternate connec-
tion mechanism for attachment of the truck airline. In this
exemplary embodiment, the alternate connection is the male
end 5420 of a quick-disconnect system, in which the remov-
able (e.g. commercially available), male nipple end is pro-
vided with respect to the truck in various ways described
above. The adapter is mounted so that the connector is
directed outwardly, and is accessible to engagement using a
robotic manipulator, probe or other truck-mounted device,

Aug. 20, 2020

which carries the truck’s airline connector. Connection (e.g.)
using a manipulator is facilitated by a frame-mounted panel
5430 and associated fiducial 5440 (shown in phantom) for
visual recognition by an autonomous system using conven-
tional and/or custom machine vision technique s imple-
mented by the truck processor or a remote system server.
[0248] 2. Flexible Adapter

[0249] Another exemplary embodiment of a glad hand
adapter 5500, functionally similar to the adapter 5400
described in FIG. 54 is shown in FIG. 55. A conventional
glad hand connection 5510 is provided. A male, quick-
disconnect nipple 5520 is provided at the end of a flexible
stem tube 5522 that can be reinforced with a wrapped spring
5524 in an embodiment. This tube 5522 allows the adapter
5500 to comply when making a connection with a handling
tool (described below), helping to avoid possible breakage.
This embodiment includes a panel 5530 with fiducial 5540
(in phantom) as described above.

[0250] 3. Solenoid Release Tool

[0251] A tool 5600 that is adapted for connection with an
autonomous-only adapter (e.g. 5400 and 5500 above) is
shown in FIGS. 56 and 57. This tool 5600 is capable of
delivering air and power from a truck to a trailer. It contains
a mechanical locking mechanism (locking cone 5610) to
maintain engagement of the tool with the adapter (5400 in
FIG. 57). The tool 5600 further includes a gripper interface
5620 for retrieval by a robotic arm (described above). This
interface 5620 can contain fiducials (not shown) for finding
the t001 5600 (using a vision system) after it has been left on
a trailer, secured to the adapter. The tool’s air connection
mechanism 5630 can include a female quick-disconnect-
style fitting adapted to engage the male nipple 5420 of the
adapter 5400 in a manner described herein and known to
those of skill. The mechanism 5630 contains a mechanical
locking collar 5720 that is actuated by (e.g.) two electro-
magnetic solenoid cylinders 5640, 5642 that displace the
collar 5720 linearly (double-arrows 5730 and 5732, respec-
tively). The solenoid assembly 5540, 5642 can be activated
when the tool 5600 is to be retrieved off of the glad hand
adapter 5400. The front of the tool 5600 contains a frusto-
conical location structure 5750 to ensure proper alignment
with the adapter nipple 5420 for engagement. The solenoid
assembly 5640, 5642 can be actuated using a switched
power source wired directly from the truck with contacts
built into the gripper and the base 5620. When the gripper is
engaged it allows the solenoids to be selectively energized
by operation of the connection system. The tool 5600
includes an air outlet/fitting 5660 that is permanently con-
nected to the treaded end of a truck-based airline.

[0252] 4. Pull-to-Release Tool

[0253] Another exemplary embodiment of the tool 5600 is
shown in FIG. 58. This tool 5800 uses a gripper connection
5810 at a rear of the framework and an aligning locating
cone 5820 at the opposing end for engaging a nipple, as
described above. A similar female quick-disconnect assem-
bly 5830 to that of the tool 5600 is provided. The tool 5800
defines a sliding framework in which a rear plate 5840 and
a front plate 5842 are separated spacers 5844 on rods 5850.
The front plate 5842 is integral, or unitary, with the front
framework 5852 that supports the locating cone 5820 and
non-sliding portion of the female quick-disconnect 5830.
The rear plate 5840 can slide rearwardly (arrow 5860),
drawing back the rods 5850 and a carriage 5862. The
carriage is secured to the spring-loaded (normally forward-
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biased) outer sleeve 5864 of the quick-disconnect. Thus,
drawing back the rear plate 5840, draws back the sleeve
5864, relative to the fixed portion of the quick-disconnect,
allowing it to be unlocked. In this embodiment, on-board
actuators—such as the solenoids 5640, 5642 of the tool
5600—are thus omitted and unlocking of the quick discon-
nect is performed by drawing back the gripper in the
direction of arrow 5860. This avoids the need for an on-
board, powered actuation mechanism in this embodiment.
The air outlet 5870 (connecting to the truck airline) is
located on the longitudinal, central axis of the tool 5800, and
is fixed to the frame 5852 in a non-sliding manner.

[0254] 5. Pull-to-Release Tool with Cylindrical Gripper
Interface
[0255] FIG. 59 shows a tool 5900 according to a further

exemplary embodiment, which operates on the pull-to-
release principle described with reference to FIG. 58. Hence,
the locating cone 5910, fixed frame 5920 and sliding rear
plate 5930 operate similarly to those of the tool 5800 of F1G.
58 to unlock a central, female quick-disconnect fitting 5940.
The gripper base 5950, which is mounted on the rear side of
the rear plate 5930 defines an annulus, with a frustoconical
guiding funnel 5952. This structure is adapted to receive an
inserted (arrow 5960) gripper 5970 at any rotation (double-
curved arrow 5980 about the longitudinal central axis
(dashed line 5990) of the tool 5900.

[0256] 1. Autonomous-Favored Glad Hand Adapters and
Tools
[0257] FIG. 60 shows an adapter that is used in scenarios

where a manual attachment of the glad hand is still contem-
plated in an autonomous operating environment. The
adapter arrangement 6000 is arranged so that the same
connection interface as a conventional, manual connection is
employed, but fiducials and alignment mechanisms are
added to this adapter arrangement 6000 to enable an autono-
mous connection system to find and connect to the arrange-
ment. As shown, a standard glad hand 6010 on the trailer-
side is connected (e.g. using threaded pipe fittings 6022) to
an autonomous capable glad hand 6020 on the truck-side.
The same interface exists for connection with an over the
road truck’s glad hand, but a new interface is added to the
back of the autonomous glad hand for alignment. The
interface contains a gross alignment cone 6030, and two
rotation alignment posts/vanes on the top (6050) and bottom
(not shown), that define slots (top slot 6052 shown). The
gross alignment cone 6030 allows a corresponding gripper-
mounted tool (described below—FIG. 61) to assume a
proper position, and the posts/slots ensure the tool is rotated
(about longitudinal axis 6060) to the correct angle correctly
before engagement. A fiducial plate 6070 and associated
fiducial 6072 (shown in phantom) is used to assist in locating
the glad hand 6020, and servoing of the gripper tool into
engagement with the glad hand 6020. The glad hand base
6080 is arranged in the form of a conventional glad hand
geometry for use of either a conventional, manual (twist-
lock) glad hand connection on the truck airline, or a manipu-
lated connection tool sent by the truck’s autonomous sys-
tem, as described below.

[0258] To assist connection of a tool to the glad hand
adapter arrangement 6000, a glad hand adapter connection
tool, an example of which is shown in FIG. 61, contains top
and bottom angle location pins (top pin 6110 shown) and a
main locating pin 6120 (shown engaging the alignment cone
6130), all of which ensure proper rotational and angular
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alignment of the tool 6100 with respect to the adapter
arrangement 6000. More particularly, the main location pin
6120 provides an initial location mechanism for the tool
6100 upon approach with the arrangement 6000. The angle
adjustment pins 6110 thereafter ensure that the tool 6100 is
in the correct orientation before connection. The autono-
mous manipulator and control system can sense once the
pins have bottomed out, and use that sensed impulse to make
the clamp connection.

[0259] The clamped connection of the tool 6100 with
respect to the glad hand base 6080 is facilitated using a
pneumatic cylinder 6150, that selectively operates to move
(double-arrow) 6152 a baseplate toward and away from the
glad hand base 6080 and the tool framework 6130 (that
carries the pins 6110, 6120, etc.). The plate 6154 carries a
block 6156, with an attached air inlet 6158. The block 6156
seals against the base gasket (6082 in FIG. 64) cylinder is
moved into a clamped position. This also ensures that the
overall arrangement remains secured together during truck
operation. The air inlet 6158 is connected to the truck airline.
Note that the use of a pneumatic cylinder 6150 to actuate
clamping and connection of the tool is by way of example.
Other equivalent actuators, such as electric solenoids,
spring-loaded systems, etc., can also be employed. A gripper
interface/base 6160 is provided on the rear of the framework
6130. An appropriate gripper and manipulation system, as
described generally herein, can be employed to attach and
remove the tool 6100 from the arrangement. Elastomeric
(e.g. rubber, urethane, etc.) dampers 6170 can be used to
mount the gripper interface/base 6160 to the framework
6130 to provide compliance as the tool 6100 is handled by
the manipulator.

[0260] FIG. 62 shows a dual-fitting shuttle valve glad
hand adapter arrangement 6200 according to an exemplary
embodiment, for autonomous-favored operations. The
trailer side of the arrangement 6200 includes a conventional
glad hand connector 6210 meant to be mounted semi-
permanently to the trailer airline. The opposing side of the
arrangement 6200 includes two parallel ports 6220 and
6230. One port 6220 contains a standard glad hand connec-
tor base 6222 for interfacing with an over the road truck
airline that is manually attached and removed. The second
port 6230 can contain any of the autonomous adapters/tools
described above-in this example, a male nipple 6232 for an
actuated quick-disconnect system, such as shown and
described in FIGS. 54 and 55.

[0261] In the arrangement 6200, a shuttle valve 6240
interconnects the trailer-side glad hand 6210, the truck-
interfacing glad hand 6220 and the autonomous port 6230,
and operates (in a conventional manner) to allow for con-
nection from either the autonomous adapter or a standard
glad hand connector. The shuttle valve 6240 routes pressur-
ized air from the connected side through to the trailer airline
in a manner free of leaks or pressure loss. The shuttle valve
6240 is also adapted to be open to the environment when
disconnected, thereby allowing the air in the trailer airlines
to purge.

[0262] FIG. 63 shows another exemplary embodiment of
a dual-fitting shuttle valve glad hand adapter arrangement
6300. In this embodiment, a shuttle valve 6310 connects a
conventional, trailer-side glad hand assembly 6320 and a
pair of truck-side ports 6330 and 6340. The ports 6330 and
6340 cach extend with a respective right-angle elbow 6332
and 6342 from the shuttle valve 6310, which defines a
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T-connection in this embodiment. It should be clear that a
wide range of geometric arrangements can be employed in
alternate embodiments to orient the ports appropriately
and/or provide desired positioning/spacing. The port 6330 is
a conventional glad hand connector for manual attachment
of an OTR connection as described above. The other port
6340 is arranged with a quick-disconnect nipple 6344 for
use with the above-described tools. The nipple 6344 in this
embodiment is mounted on the end of a spring-wrapped tube
6346 for compliance.

[0263] FIG. 64 shows an arrangement 6400 that includes
an integrated shuttle valve 6410. As shown, the shuttle valve
is integrally constructed directly into the backside of a
standard glad hand connection geometry. The shuttle valve
allows pressurized air to flow through the rear outlet (arrow
6420) from either the glad hand base 6430 or an autonomous
port 6440 (shown with a quick-disconnect nipple 6442 as
described above). This arrangement 6400 can provide both
autonomous and standard connection mechanisms to a
trailer with a relatively small form factor, and without (free
of) use of a separate glad hand adapter. Instead, the inte-
grated glad hand can be permanently fitted to the trailer at
the outlet (6420), and the trailer is, thus, outfitted for both
OTR and autonomous connections.

[0264] FIG. 65 shows another glad hand adapter arrange-
ment 6500 having an integrated shuttle valve 6510. Unlike
the embodiment of FIG. 64, this arrangement 6500 does not
dictate direct replacement of a stock trailer glad hand. Rather
this adapter arrangement 6500 employs a trailer-side glad
hand 6520, which can be semi-permanently attached to the
trailer glad hand connection. It is interconnected via the
integral shuttle valve 6510 to a pair of ports 6530 and 6540.
The valve selectively routes pressurized air to the trailer-side
glad hand 6520 from the connected port. As described
above, the ports include a conventional truck side glad hand
connector 6532 and a tool-engaged autonomous (e.g. nipple)
connector 6542. A fiducial-carrying plate 6550 is also pro-
vided on the arrangement housing 6560, where it can be
imaged by the autonomous manipulator system.

[0265] FIG. 66 shows another exemplary embodiment of
a glad hand adapter arrangement 6600 with a housing 6610
that is constructed in a machinable configuration. It includes
a trailer-side glad hand connection that is fed via an inte-
grated shuttle valve 6630 (shown schematically in phantom
within the machined housing 6610). The shuttle valve 6630
allows wither the conventional, truck-side glad hand con-
nection 6640 or the autonomous connection 6650 to deliver
pressurized air to the trailer airline via the trailer-side glad
hand 6620. A fiducial carrying panel 6660 can be provided
on the front side of the housing 6610.

[0266] J. Clamping Tool into Adapter

[0267] According to an exemplary embodiment, an
autonomous connection (nipple) and associated shuttle
valve is omitted in the arrangement 6700 of FIGS. 67-69.
This adapter arrangement 6700 defines a housing 6710 with
a machinable design, and a trailer-side glad hand connection
6720 that can be semi-permanently attached to the trailer
glad hand. A truck side glad hand connection 6730 is also
provided to the housing 6710. The glad hand connection
6730 defines a cylindrical base 6740 with multiple align-
ment holes 6782, which allow a clamping tool 6750 to
approach at various angles.

[0268] As shown particularly in FIG. 69, the clamping tool
6750 includes an alignment pin 6760 that projects from a

Aug. 20, 2020

motorized base 6770. The base 6750 can be adapted for
carrying by, and release from, a robotic manipulator. The
alignment pin 6760 has a vane 6762 that is sloped at its front
s0 as to assist in aligning the base 6760 with the glad hand
cylindrical base 6740. The holes 6742 each define a con-
forming shape (e.g. la teardrop-shaped keyway) that guides
the pin and vane into proper alignment when the tool 6750
is brought into engagement with the glad hand base 6740.
[0269] The clamping tool 6750 is shown engaged with the
truck-side adapter glad hand 6730 in FIG. 68. A lead screw
6780, driven by the motorized base, moves the clamp
member 6782 toward and away from the glad hand seal
6734. A variety of linear actuators can be used to move the
clamp member 6782. In an embodiment, NEMA 23 stepper
motor provides sufficient force to make a seal. A pair of
bolts, mounted into the motorized claim base 6770 provide
guideways for the clamping member 6782 and it is driven
linearly (double-arrow 6912 in FIG. 69) by the lead screw
6780. The motor base 6770 receives power via leads 6786
and the clamping member is pressurized by the truck airline,
with pressurized air routed through the member 6782 to a
port 6910, surrounded by an appropriate glad hand seal 6920
(FIG. 69). As in other embodiments, the housing 6710 can
include a fiducial-carrying plate 6790 to help identify the
adapter arrangement 6700 and guide a manipulator carrying
the clamping tool into engagement with the arrangement.
Clamping can occur when the system confirms (via impulse,
etc.) that the tool 6750 is firmly seated with respect to the
glad hand base 6740, after which, the manipulator is
released from the tool. Unclamping can occur when the
manipulator firmly re-engages the tool 6750, after which, the
manipulator and tool are withdrawn to a neutral location so
that the trailer can be uhitched in accordance with the
general description herein.

[0270] K. Automated Trailer Angle Detection

[0271] When hauling a trailer, it is desirable to determine
the orientation (relative angle) of the trailer with respect the
tractor. Traditionally, the orientation and perspective of the
front face of trailer is observed by a human driver to derive
the approximate angle measurement. However, due to the
variability in the front face’s surface (due to the presence of
refrigeration units, fairings, etc.), this approach is less effec-
tive using automated sensors, such as visual cameras, con-
ventional LIDAR, etc. However, the commercial availability
of so-called high-resolution LIDAR affords more capability
in automating the relative trailer angle determination pro-
cess. Such a high-resolution solution is commercially avail-
able from Velodyne LiDAR, Inc. of San Jose, Calif. in the
form of the VLLS128™ system, which is presently consid-
ered one of the world’s highest-resolution LiDAR for use in
(e.g.) autonomous vehicles and similar applications. This
system uses 128 discrete structured light (laser) beams to
derive a 3D surface contour/shape at a significant working
distance. These beams can be arranged in projected concen-
tric rings. Other competing high-resolution LIDAR devices
and also be employed herein, as well as alternate 3D sensing
systems, which can include stereoscopic cameras, etc.
[0272] FIGS. 70 and 71 show an arrangement 7000 of an
autonomous (e.g. yard) truck 7010 and unhitched trailer
7020 to detect the relative trailer angle ATA, shown herein
between the plane of a rear chassis (e.g. bumper 7030) of the
truck 7010 and the centerline CLT of the trailer 7020.
Tlustratively, this arrangement 7000 includes a LIDAR
device 7022 mounted on the truck rear chassis/bumper 7030,
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facing rearwardly toward the trailer. In operation, the
LIDAR device 7022 communicates with a processor 7024,
which can be part of the vehicle CPU, and includes an angle
determination process(or) 7026. The process(or) 7026
detects the position and orientation of the (e.g.) two landing-
gear legs 7110 and 7112 on the trailer 7020 in order to
estimate the trailer’s angle ATA relative to the rear 7030 of
the truck 7010. The LIDAR device 7022 defines a working
angle range 7120 that is sufficient to capture the legs 7110
and 7112 within the range of expected trailer angles ATA to
be encountered during operation. As shown, the LIDAR
beam(s) can also acquire the fronts of at least one of the
wheel set(s) 7130, 7132, 7134 and 7136. The height HLT
(FIG. 89) between the LIDAR device 7122 and the ground
7050 is chosen to allow its beams 7042 to travel sufficiently
beneath the trailer underside 7040 to reach the landing gear
legs 7110 and 7112, and potentially, the tire set(s) 7130,
7132, 7134 and 7136. Because the legs 7110 and 7112 and
(optionally) the tires are positioned at known parallel ori-
entation across the width/beam on either side of the trailer
7120, and these structures have distinctive surface shapes,
they can be used as a reference to determine the relative
angle ATA with respect to the truck and associated LIDAR
unit (and the truck coordinate system established by the
process(or) 7026).

[0273] Inoperation, and with further reference to FIG. 72,
the process(or) 7026 analyzes at least one of the rings in the
transmitted LIDAR data from the trailer scan to search for
groups of points 7210, 7212 where the overall group is
roughly the width WLL of a respective landing gear leg. The
process(or) 7026, then compares all groups to look for pairs
of groups which are roughly equidistant from the trailer
kingpin point 7060, and where the separation distance WL.G
between the two groups 7210, 7212 is roughly the width of
a trailer. For pairs that match the criteria, the process(or)
7026 estimates the trailer angle ATA (taken with respect to
a line 7240 parallel to the truck bumper) as the angle that
bisects the two vectors (outside angles) 7220, 7222 from the
truck/trailer hitch point to the opposing outer edges of the
two point groups 7210 and 7212.

[0274] At extreme relative angles between the truck and
trailer, one of the landing gear legs 7110, 7112 can be
occluded from the LIDAR sensor’s view (e.g. the occluded
leg may be in front of the rear bumper due to the extreme
angle). This condition is shown by way of example in FIG.
73, in which the landing gear leg 7112 of the trailer 7020 is
visible within the maximum sensing fan (cone) 7320 of the
LIDAR device 7022, but the opposing leg 7110 is outside
the cone (positioned in front of the bumper 7130), and
occluded. If no point pairs representative of landing gear
legs are found, and if a single group of points is detected
(e.g. points corresponding to leg 7112) in the area where the
other leg would be expected to be occluded (as that leg is
now at an extreme left or right position), then the process(or)
7026 uses a predefined trailer width WTP to estimate the
location of the occluded leg 7110. The process(or) 7026 then
uses the sensed location of the found leg 7112 and an
estimated location for the occluded leg 7110 as an approxi-
mated pair for the purposed of the above-described proce-
dure. It then uses this pair to estimate the trailer angle as the
angle that bisects the two vectors from the kingpin to the
outer edges of the two legs in the approximated pair.

[0275] Note that in certain situations, an additional step of
providing a linear quadratic estimate (e.g. Kalman filtering)
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can be employed in order to smooth the output and improve
robustness of the trailer angle determination procedure
described above.

[0276] With reference again to FIG. 70, in a further
embodiment, it can be useful to confirm trailer angle ATA,
or improve trailer angle accuracy. The procedure can employ
the use of the lower outer edges 7070 of the leading edge of
the trailer 7020. This procedure can be accomplished by
processing the received, upper LIDAR rings to detect the
outer edges of the trailer and can be useful in confirming
results from the landing gear detection, or in eliminating
false positives if the landing-gear detection procedure
returns more than one solution.

[0277] In another embodiment, and with reference again
to FIG. 72, the LIDAR device can be used to detect the
trailer wheels 7130 and 7134 by locating corresponding
points 7230 and 7234. This data can be used to confirm,
and/or refine the accuracy of, the angle determined using
detection of the landing gear, or if the landing gear detection
is not conclusive, the location of the wheels can be used to
independently establish the trailer angle. The (stored) typical
width WTW between (e.g.) the inside edges can be com-
pared to sensed width to establish that the groups of points
are wheels and angles can be computed in a manner similar
to that described above for landing gear.

[0278] L. Automated Kingpin Detection

[0279] Reference is made to FIGS. 74 and 75 that depicts
a system and method to further assist in the retrieval of a
trailer by an autonomous truck. In performing this operation,
the system and method employs the approximate location of
the trailer, which can be obtained by visual sensing and/or
other techniques as described herein. The system and
method of this embodiment generally allows the truck to be
able to back down and connect to the trailer successfully.
This embodiment can employ the above-described LIDAR
device 7022 (in FIGS. 70-73). Other like reference numbers
are also employed in the depiction of FIGS. 74 and 75 where
they apply to similar or identical structures/components.
[0280] The system and method, more particularly, allows
for proper connection of the truck fifth wheel 7410 to the
trailer kingpin 7460 in a backing operation. It employs a
kingpin location detection and determination process(or)
7420, which can be part of the overall vehicle processor/
CPU 7024, and is interconnected to the LIDAR device and
any resident processes/ors instantiated thereon (or associ-
ated therewith). Using the system-provided trailer location,
the truck 7010 is positioned adjacent to the trailer 7020, and
the reversing procedure is then initiated to connect the truck
and trailer. During this process it is highly desirable to
accurately determine the relative position of the trailer
kingpin 7060. While the kingpin 7060 is a relatively small
structure on the overall trailer underside 7040, using a
LIDAR device 7022 mounted on a truck’s back bumper
7030, it is uniquely identifiable as an image feature set
produced by the beams 7430 of the LIDAR device 7022.
[0281] According to an embodiment, and with further
reference to FIG. 76 and the flow diagram of FIG. 77, a
procedure 7700 for accurately determining the location of
the trailer kingpin 7060 is shown. The procedure 7700
processes (e.g. using the process(or) 7420) each of the
LIDAR rings independently and segregates the found points
into groups (step 7710). The procedure 7700 then searches
for three discrete groups of points 7610, 7612 and 7620 that
are separate, but relatively adjacent (within a predetermined
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threshold), and where the middle group 7620 is closer to the
sensor 7022 than the other two (flanking) groups 7610 and
7612 (step 7720).

[0282] Step 7720 of the procedure 7700 then further
eliminates trios of groups where the flanking groups 7610
and 7612 are not relatively flat and at roughly the same
height, and/or where the middle group is significantly wider
or taller than the expected width/height of a kingpin. If a trio
of groups matches all criteria (decision step 7730), then the
procedure 7700 estimates the X, y (or another coordinate
system) position of the kingpin as the average of all the point
hits in the middle group 7620 (step 7740). The procedure
7700 also reports the kingpin plate height (minimum height
of the flanking groups 7610, 7612) HK (FIG. 74) so that the
system will have a metric as to how high to raise the fifth
wheel 74 (step 7750). The procedure 7700 then transforms
the x, y position from the sensor coordinate space to the
navigation/vehicle coordinate space (step 7760). The proce-
dure 7760 then compares the x, y position with the coordi-
nates of any previous detections (step 7770). If there is no
match (decision step 7780), then the new X, y position is
appended to the list of previous detections (step 7782), and
the procedure 7700 continues to search (via steps 7710-
7770). However, if there is a match (decision step 7780),
then the confidence in the matched detection is incremented
to increase its value (step 7784). Based upon incrementing
of the confidence value in step 7784, the procedure 7700
prioritizes the list of previous detections using the accumu-
lated confidence, as well as proximity to the vehicle (step
7790). After prioritizing in step 7790, the procedure 7700
outputs detection that has the highest priority for use to
guide the backing operation of the truck onto the trailer via
the navigation coordinate space.

[0283] Inan alternate, related embodiment, the system and
method employs the above-described trailer angle determi-
nation procedure (FIGS. 70-73) which detects the location
of the trailer landing gear legs 7110 and 7112. Once both of
the landing gear legs have been identified and located, the
location of the kingpin 7060 can be estimated based on
known/standard trailer geometry, typically expressed in
terms of an X, y coordinate relationship between (e.g.
centroids). This estimated location is translated into the
vehicle/navigation coordinate space. As shown in FIG. 76,
the outer edges 7650, 7652, 7660 and 7662 are identified in
related point groups that span the width of the trailer
underside/sides, and can also be the basis of a trailer angle
determination.

V. Conclusion

[0284] It should be clear that the above-described system
and method of handling and managing trailers within a
shipping yard and the associated devices and operational
techniques for autonomous AV yard trucks provides an
effective way to reduce human intervention, thereby lower-
ing costs, potentially increasing safety and reducing down-
time. The systems and methods herein are practically appli-
cable to a wide range of both electric and fuel-powered
trucks and any commercially available trailer arrangement.
More particularly, the systems and methods herein effec-
tively enable automation of critical yard operations, such as
connection of one or more pneumatic and electrical lines
between truck and trailer, unlatching and opening of trailer
doors, safe hitching, navigation and docking of trailers with
loading bays and docks, maintaining security at the dock and
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within the vehicle against unauthorized operations and/or
users, and other aspects of autonomous vehicle operation.
Such systems also enhance operations in container yards,
and in other busy yard environments where reverse direction
may be a concern and ensuring safety of parked vehicles is
a consideration. These novel systems, methods and opera-
tions, while adapted to use on AV yard trucks can also
benefit other types of automated transport vehicles, and it is
contemplated that, using skill in the art, such can be
extended to a wide range of non-yard-based and/or OTR
vehicles.

[0285] The foregoing has been a detailed description of
illustrative embodiments of the invention. Various modifi-
cations and additions can be made without departing from
the spirit and scope of this invention. Features of each of the
various embodiments described above may be combined
with features of other described embodiments as appropriate
in order to provide a multiplicity of feature combinations in
associated new embodiments. Furthermore, while the fore-
going describes a number of separate embodiments of the
apparatus and method of the present invention, what has
been described herein is merely illustrative of the applica-
tion of the principles of the present invention. For example,
as used herein various directional and orientational terms
(and grammatical variations thereof) such as “vertical”,
“horizontal”, “up”, “down”, “bottom”, “top”, “side”,
“front”, “rear”, “left”, “right”, “forward”, “rearward”, and
the like, are used only as relative conventions and not as
absolute orientations with respect to a fixed coordinate
system, such as the acting direction of gravity. Moreover, a
depicted process or processor can be combined with other
processes and/or processors or divided into various sub-
processes or processors. Such sub-processes and/or sub-
processors can be variously combined according to embodi-
ments herein. Likewise, it is expressly contemplated that any
function, process and/or processor herein can be imple-
mented using electronic hardware, software consisting of a
non-transitory computer-readable medium of program
instructions, or a combination of hardware and software.
Also, qualifying terms such as “substantially” and “approxi-
mately” are contemplated to allow fort a reasonable varia-
tion from a stated measurement or value can be employed in
a manner that the element remains functional as contem-
plated herein—for example, 1-5 percent variation. Accord-
ingly, this description is meant to be taken only by way of
example, and not to otherwise limit the scope of this
invention.

What is claimed is:

1. A system for an automated connection of at least one

service line on a truck to a trailer comprising:

a receiver on the trailer that is permanently or temporarily
affixed thereto, the receiver interconnected with at least
one of a pneumatic line and an electrical line;

a coupling that is manipulated by an end effector of a
robotic manipulator to find and engage the receiver
when the trailer is brought into proximity with, or
hitched to, the truck; and

a processor that, in response to a position of the receiver,
moves the manipulator to align and engage the cou-
pling with the receiver so as to complete a circuit
between the truck and the trailer.

2. The system as set forth in claim 1, wherein the end

effector is mounted on at least one of (a) a framework
moving along at least two orthogonal axes and having a
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rearwardly extending arm, (b) a multi-degree-of-freedom
robot arm, and (c¢) a linear-actuator-driven arm with pivoting
joints to allow for concurrent rearward extension and height
adjustment.

3. The system as set forth in claim 3, wherein a pivoting
joint attached to the end effector includes a rotary actuator
to maintain a predetermined angle in the coupling.

4. The system as set forth in claim 1, wherein the coupling
includes an actuated, quick-disconnect-style fitting adapted
to selectively and sealingly secure to a connector in the
receptacle.

5. The system as set forth in claim 1, wherein the coupling
comprises a glad hand.

6. The system as set forth in claim 1, wherein the
processor that, in response to a position of the receiver,
moves the manipulator to align and engage the coupling
with the receiver so as to complete a circuit between the
truck and the trailer, further moves the manipulator to twist
and lock the coupling into place on the receiver.

7. The system as set forth in claim 1, further comprising
a gross sensing system that acquires at least one of a 2D and
a 3D image of a front face of a trailer, and searches for glad
hand-related image features.

8. The system as set forth in claim 7, wherein the gross
sensing system locates features having a differing texture or
color from the surrounding image features after identifying
edges of the trailer front face in the image.

9. The system as set forth in claim 8, further comprising
a fine sensing system, located on the end effector of the
robotic manipulator, that is moved in a gross motion opera-
tion to a location adjacent to a location on the front face
containing candidate glad hand features.

10. The system as set forth in claim 9, wherein the fine
sensing system includes a plurality of 2D and 3D imaging
Sensors.

11. The system as set forth in claim 10, wherein the
robotic manipulator comprises a multi-axis robotic arm
mounted on a multi-axis gross motion mechanism.

12. The system as set forth in claim 11, wherein the gross
motion mechanism comprises a plurality of linear actuators
mounted on the autonomous yard truck that move the
robotic manipulator from a neutral location to the location
adjacent to the glad hand candidate features.

13. The system as set forth in claim 12, wherein the fine
sensing system locates a trained feature on the glad hand to
determine pose thereof.

14. The system as set forth in claim 13, wherein the tag
includes a fiducial matrix that assists in determining the
pose.

15. The system as set forth in claim 1, wherein the
receiver comprises a glad hand on the trailer, and wherein
the end effector comprises a clamping assembly that selec-
tively overlies an annular seal of the glad hand and that
sealingly clamps the connector to the annular seal, wherein
the end effector selectively engages and releases the con-
nector.

16. The system as set forth in claim 15, wherein the
clamping assembly includes a spring-loaded clamp that is
normally closed and is opened by a gripping action of the
end effector.

17. The system as set forth in claim 1, wherein the
receiver comprises a glad hand on the trailer, and wherein
the end effector comprises a probe member, containing a
pressure port, that inserts into and becomes lodged in an
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annular seal of the glad hand based upon a placement motion
of the end effector, wherein the probe member comprises
one of (a) a frustoconical plug that is releasable press fit into
the annual seal and (b) an inflatable plug that selectively
engages a cavity in the glad hand beneath the annular seal
and is inflated to become secured therein, wherein the end
effector selectively engages and releases the connector.

18. The system as set forth in claim 17, wherein the
frustoconical plug includes a circumferential barb to assist in
retaining against the annular seal.

19. The system as set forth in claim 1, wherein the
receiver comprises a trailer glad hand on the trailer, the
system further comprising another glad hand secured to the
trailer glad hand in a substantially conventional manner, the
other glad hand including a quick-disconnect fitting that
receives the selectively connector from the end effector.

20. The system as set forth in claim 1, further comprising,
a hitching system for providing information when the truck
is attempting to move in reverse to hitch to the trailer, the
hitching system comprising a sensing system located to face
rearward on the truck, the sensing device oriented to sense
the front face of the trailer and acquire at least one of a 2D
and a 3D image of the front face of the trailer.

21. The system as set forth in claim 1, further comprising,
a hitching system for providing information when the truck
is attempting to move in reverse to hitch to the trailer, the
hitching system comprising a spatial sensing device located
to face rearward on the truck, the sensing device oriented to
sense space beneath an underside of the trailer and provide
information about the underside of the trailer, wherein the
information comprises one or more images.

22. The system as set forth in claim 1, further comprising,
a hitching system for determining a relative angle of the
trailer with respect to the truck in a confronting relationship
in which the truck is attempting to move in reverse to hitch
to the trailer, the hitching system comprising:

a spatial sensing device located to face rearward on the
truck, the sensing device oriented to sense space
beneath an underside of the trailer; and

a hitching processor that identifies and analyzes data
points generated by the sensing device with respect to
at least one of landing gear legs of the trailer and wheel
sets of the trailer and that thereby determines the
relative angle.

23. The system as set forth in claim 22, wherein the
sensing device is a high-resolution LIDAR device that
generates points using projected rings of structured light.

24. A system for interconnecting an airline between an
autonomous truck and a trailer comprising:

an adapter that is mounted with respect to a trailer-side
airline and directs pressurized air therethrough, the
adapter having at least one glad hand connection
thereon; and

a manipulator that carries and moves a connection tool
into and out of engagement with the adapter, the
connection tool being interconnected with a truck-side
airline for delivering the pressurized air to the adapter
when engaged therewith and the manipulator being
arranged to selectively release from the tool when the
tool is engaged to the adapter.

25. The system as set forth in claim 24, wherein the tool

includes a screw-driven clamp that selectively engages a
truck-side glad hand connection and a guide pin that is
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arranged to engage one of a plurality of keyways at different
rotational orientations about an axis of the truck-side glad
hand connection.

26. The system as set forth in claim 24, wherein the
adapter includes a fiducial that identifies and assists in
orienting the manipulator, based upon an operatively con-
nected vision system.

27. A method for an automated connection of at least one
service line on a truck to a trailer, the method comprising:

moving a robotic manipulator so that a truck glad hand

held by an end effector on the robotic manipulator is
near a trailer glad hand on a front face of the trailer;
engaging the truck glad hand with the trailer glad hand;
rotating the truck glad hand to twist and lock the truck
glad hand onto the trailer glad hand; and

releasing the truck glad hand from the end effector.

28. The method of claim 27, further comprising deter-
mining a pose of the trailer gladhand pose using at least one
of 2D and 3D images sensed using at least one sensing
device, and adjusting a pose of the truck gladhand based on
the pose of the trailer glad hand so that the truck glad hand
can engage the trailer glad hand.

29. The method of claim 27, further comprising, reversing
the truck so that a hitch of the truck is in engagement with
a kingpin of the trailer, based on images collected from one
or more sensing devices located to face rearward on the
truck.



