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(57) ABSTRACT

A control system is provided for inventory management
facility with a plurality of containers. The control system
includes a server, and a container handler operable within
the inventory management facility. The container handler
tractor comprises onboard sensors configured to generate
sensor data of at least one container of the plurality of
containers, a geolocation device configured to generate a
geolocation value for the at least one container, a wireless
transceiver, and a controller coupled to the onboard sensors,
the geolocation device, and the wireless transceiver. The
controller is configured to transmit the sensor data and the
geolocation value for the at least one container to the server.
The server is in communication with the container handler
and is configured to generate a database associated with the
sensor data, the database comprising, for each container, a
container logo image and the geolocation value. The geo-
location value includes a latitude value, a longitude value,
and an altitude value.

3 fmamted

3
3
T

i)
o

§ Ansdyne Lo s St drint Gatsnn Sl

8012
P

o

8020




Patent Application Publication  Jun. 12, 2025 Sheet 1 of 42 US 2025/0187834 A1

e
T
Sgg'g D
EHORY | | PROGESOR ) —
— — 16
\,\_“_‘“W‘“ww w/‘
SENSOR ) » |
Ha 1 caMERA USER INTERFACE
i 120 i1
SENSOR |, , )
I 1 OMERA /-
1 1k
SeNsor |
1 1 MERd
i 1k

Fig. 1



Patent Application Publication  Jun. 12, 2025 Sheet 2 of 42 US 2025/0187834 A1

1
N m —

110
CAMERAS CAMERAS s

3

3

ey . weerng | | DATA
REQUEST | | IMAGE  COMNECTION STREAMS

777 MODUIE (GROREMODULE ) 1 B2

PROCESSED DATA (ORTROL P12 RANAGE STRES
’ CAMERAS AND | 0F DETA FROH
1997\ DATA L OMERS

T MACHINE | MACHINE
IMAGE| | [EARNING  IMAGE| | IFARNING
{ | DAJA , | BATA

(21 1VS PLATFORM

- VEHICLE CLASSIRICATION At
- CONTATNER gégsmcmea
- COLOR IDENTIFICATION
- 1060 IDENTIFICATION

PROCESSED DATA

~116
wwwmg

:W "
| DATABASE |
i

#®

TRIGGER | | LOG ANALYSIS

ANALYZE DB
FOR SLOT
EVENTS

NOTIFY WITH DATA

MESSAGING

SEND
MESSAGES
10 CLENT

JSON MESSAGE

126

3

(LIENT




Patent Application Publication  Jun. 12, 2025 Sheet 3 of 42 US 2025/0187834 A1
1120~
"~ VLl = .
CAMERAS SENSORS CAIERS Ve
peauest) | gt | comnection] | AR connecron | TREs
PROGESSED ( Pi HODULE s ey 'Y {0l HOBE PROCESSED
DAR  FrommoLeiz | o maviGESmews| 4, (wanaGE SReans] AT
CAMERAS AND 0F DATA mJ 130 or para Faod
199/ DATA 3D SENSORS CGHERS |
FACHINE THACKINE | THACHINE
IMAGE| |IEARNING IDOATA| |IEARNING  IMAGE| | [EARWING
| oA | ipATA | |DAma
€21 VIOS PLATFORM
- AILGR QUSSIFICATION
- CoLOR IDENTIFICATION
- 1060 IDENTIFICATION
- TRACK DCCUPANCY DETECTION
13 o
“ » W‘ "
- ~_ DATABASE |

QUERY

MOVEMENT
INSTRUCTIONS

7] MESSAGES FOR

JS0N MESSAGE

{0C0 MODULE

CONTROL

Hubisi REQUEST
LOCOMOTIVE ,
MDVENENT LOCOMDTIVE

DATA

ALLOW USERS ys 132

MOVEMENT )

| MOVEMENT
| INSTRUCTIONS

F—

~133

Y105 HE (OMM
BUILDS CONTRGL

THE V105
HEAD EAD UNTT

Fi6. 3

Y

VIS HE
MODULE

13




Patent Application Publication

—

@MRAS

DATA
| STREAMS
~135

CONNECTION |

SAFETY ﬁi@iﬁ@
MANAGE STREAS

Jun. 12, 2025 Sheet 4 of 42

fw’iiﬁ

PROCESSED DATA

OF DATA FROM
ERSS_

#&&{HWE LEARNING
DATA

IMAGE

(21 IVS PLATFORM

- HLLEGAL PARKING
- SPEEDING
- STOP BAR VIDLATIONS
- SAFETY GEAR VIOLATION
- ABANDONED/IDLE OBIECT

-116

Sa‘msgs&s P

F 3

TRIGGER | | LDG ANALYSIS

TRATTSES

ANALYZE DB
FOR SLOT
EVENTS

NOTIFY WITH DATA
WESSAGING
SEND
MESSAGES

T0 CLIENY

JSO8 RESSAGE

125

126

— 1
CLIENT

FI6.4

US 2025/0187834 Al



.

Patent Application Publication

(s
LOAD CMERA |~
offcuns| [ S0P
T A
PRESE
HOVETD Pl
TILT, AKD Z00M
SEGINPRESET | | VALUBS OF
TOURFOREACH| | MBE
CAMERA
[ YES
{asﬁm TOUR < REAAINING 1>+

{1l e
g

FiG. 5A

Jun. 12, 2025 Sheet 5 of 42 US 2025/0187834 A1l
~ 1 3{H}
¥
N[ " SBDHTP |
PAUSEFOR 5 REQUEST 1D
SECONDS 10 (AMERA
~ ALLOW (ANERA ORTAINING
T0 ROVEAND {URRENT PAN,
FOls i, AND 100
?fﬁ{ﬁéi‘i

P ] sz

TR i ¥M NO - VALUES WITHIN
¢ DECSION BEEN HADE

S MORETHANS T €£€§?’f§§&//
N \

SE?é{} i

/ THROW
EXCEPTION
AKD RESTART

008 REQUESTING

IHAGE

L Chewier
OCR ENGINE| | DETECTION
FAGINE
CLMAGHINE &
LEARNING PLATFORM | FILTER RESULTS
USTHG PRIORTTY
COE
SELECTION"
| W {a&ﬂ
POST FABINGS 10 ;
PROPRIATE 0oic | | STORE
HECHANISH 1
(LE. MESSAGING FILTER RESULS
SERVICE WEB WITH HEIGHBOR
SERVCE HIC) L0Bic"
> DEDUCE
WS TDE SELECTED CODE
s < BEEk PREVOLSLY BASED ON
vEs AT HIGHEST

(ONFIDENCE



US 2025/0187834 Al

Jun. 12, 2025 Sheet 6 of 42

Patent Application Publication

q¢ 9 "RI04 TYHND) 40 40
T GI5VS NOILISO4 300

*

GININIZY 300D ELEIIE _"SHOLISOd 3000 T
100 160w 3000 11001 LEig MMWW wwm& W

S3A 53
\\\ \\\ Xzz//
HELR L 3 $5300) memm /v ) n\
R //
a T
HOLLISOd 1991
TJ00IA IHL 40 W3R IHLA0 €/ TI0aIW
QY 71 341 0L B19/1 3H1 SY ATIVHOLISO4
IHL SY ATIVHDILISOL 80 (0091 §0 0821 OnY
{14y 0BZ1) ORY (0v9 04 09 TX1d NEIML3E SV
DIE} TAXId NaIMEA Y ATROTEINON N0
A ATIDIEIRIN (310 34¥ 53000 100w
0B T4y $300) 31001




Patent Application Publication

ALl
{OMPARISONS
EXCEPT IS0
CHECK ARE
AGAINST
CURRENT
INVENTORY

Nk )”’< G, &

IRATS:
L{DE
LURRENT
IRVERIORY
00
(ARRIER
PREDICTION

5

" 100

Jun. 12, 2025 Sheet 7 of 42

THERE IS DMLY ORE
{ODE WITH THE SAME
HUNBERS REPORTED

ATIENPTT0 FD A

RATCH BY FIXIHG THE
REFCWI

PREFIXES SUGGESTED
HODELCARRIER
PREDICTION WHEH

PREFIX IS OFF BY ONE.

f/ﬁli}gf\ﬂg/ BN B/

NUMBERS < FREFIX Aﬁgﬁ&i

N
s
(9

Fi6. 5(

TATION,
o

@ xzmz LTI R

US 2025/0187834 Al

1200
’I/“

93

ATTEPTTO MATCH
THEHUMBERS 10 A

MODEL CARRIER
PREDICEION.

CHECK IFTHE OCR
~ | COBEIS ONLY ) VAL

| UEOFF A CODE Y
THVENTORY, HOT 1.
CLUBING CHECK DIGT,

™y | THERE 1S A KUMBERS
MATCH I8 TNVENTORY

DER(ODEISA
YALID 150 (OBE.

Y| HERE S A ATCHING
PREFTX IN IRVENTORY,




US 2025/0187834 Al

Jun. 12, 2025 Sheet 8 of 42

Patent Application Publication

TR

as 91
{300 w»w&mﬁ 1045 §.35344 DIHRRY

300x
L

\
. ﬂgmj} \%%
AN SI0 < ¢ S0RHITH
300) NYOL3Y L SUOSHITA S04 1 \izi,\ GBA0IS ASTOLASHd N1 0> naNt
/%% W -$0d3 ¥ 300~
N L% W
N Nyl

118 Ry



Patent Application Publication

Jun. 12,2025 Sheet 9 of 42

US 2025/0187834 Al

1400
4

BEGIN CAPTL- | | CAPTURE FRAMES
OPEN RTSP STREAM

RING FRAMES £ UNTIL THE DVENT
TOEACHCAMERA | | FROMSTREAN | | STOPSFHIRING

i

wareor | | RECHVEMD. |
EVENT FROM TION Nt
CAMERA

FROM CAMERA

VEHIGETYPES | o (ARRIER | |ORIENTATION| |(ONTAINER/TRAILER
BEECION -

pugre ] DETECEION | DEECHON 1 TPE DETECTION
ENGINE ENGINE FHGINE

ENGINE

¥
STORE MACHINE
{EARNING RESULTS

: +
e | <

BACKGROUND O,

OO STORE
POST FIADINGS !
TOAPPROPRIATE | | DEDUCESEECID
MECHAISMALE |, | CODERISEDON
HESSAGING SER-

HIGHE
HE, WHE SERVICE, CONFIDENCE
£}

FIG. 6



Patent Application Publication

04D CAMERA
CONFIGURATIONS
] .
PRESETS SEND HTIP REQUEST
T0 CAMERA 10 MOV
, TO BAR THT 880
BEGIH PRESET 2008 VAU 0F
TOUR FOR EACH PRESH
CAMERA
Yssl
SOOI o e
A IREES ™
BEGIN TOUR

h

o]

Jun. 12,2025 Sheet 10 o

f42  US 2025/0187834 A1

H
H
H
H
H
H
H

e

00l |
BASTHI. f@
<@{m B N NO_~ LU Winn

SEN HTTP REQUEST

MRA
| DBTAIHING CURRENT

PN THT AMD
000 VALUES

RUADENORE THAN 5\ ACCEPTABLE
TIHE? ~JRROR? /
N N
¥ES
SEND HTFREQUEST
L | ANDRESTART REQUESTING 1MAGE
TOUR '
MOVEMENT | | | OCcupancy
ADJUSTMENT - BETECTION
ALGORITHM ENGINE
(21 MACHINE
LEARNING PLATFORM ,
J— —
| STOREMACHIE | . pi
gi&%ﬁﬁﬁiﬁ RESULTS g{;ggj
— Uit

FI6.7



US 2025/0187834 Al

Jun. 12,2025 Sheet 11 of 42

Patent Application Publication

e
MOTIA T2
NI3¥9 £
NOLLNM Sav
<~ TNNOSHId T SISSYH)

NYMD0 MH) ™

Y VA N

LS

y § NI

BN
IS
y%N
I
VT TC

n v b N b4 M
WS N B I | g
NS N \ S E T | S FTT I
113108 TTNOLIDHISSYD 100 o~
V\A\\\\fl/>m w\\\i;/>
00
s
00w iy [ NOUDHISD
T
T

o091—"




Patent Application Publication  Jun. 12,2025 Sheet 12 of 42  US 2025/0187834 A1l

1HI
IR wumeras_not_droopl ~
id_tomern piz () e
i smgie”smd(wf;?% wonf plz_ocupuncy_presel_config
contig_ssm wonhg_enom  {FK) ™,
mza T }7{: azmiyze \ wehsodkets_ul \\
mex d mie_| mz ghbor \
min_weignt_o_ovarride_ye p_single_presel_config \
min_waight 1o_report wsfig_enm  {FK) -
droop._ mfig i gzghi I smalyze
— felg hory
mz;%s%;:é:m " Jimax_gitunce_neighber
p %m for drae;s min_weight_lo_override_ye[~._
?fl - tsm&g min_weight_Jo_seporl | \& AN

cam_tours ;T
" W tomere  {FK) /
- tour_ltype

carfig kalka for_modides
wnfig enum  {F)

kafka_dionts diont nome  (FK) 10
dient_name I-[ kafka_dint_topics >~ FIG 98
bist_kofka_producers \_[dert tame (0
Jient name, prodcer 1) { bosf_kofko_comumers 14 ik ffﬁ
's;n % . H~{dient_nome_comumer [{FK) [ ko Jopics
st S . JOpH
max_oul_quese_length kofka_diont_vonfigurations L[5 sopic
i(er nome
yglue peiifion
ilient_name  {FK} i server  (FK)
ssf_kafka_server_canfig | /‘ choke_models_paths
id__}&ﬁ‘&? {?g) 1 %&;}_;::ﬁ‘ﬁfmdﬁﬁﬁﬁ *,j m%ﬁg_eﬁgm Fg ]
ssl_to_locofion g}g* of servers pﬁ! k}gﬁ / §
siP( y_location namie Server poth_ maziel tor kind! | ;
y ;{m’fm li:fg}f%i}ﬁ path_model_direction / j
B = s s:ixa&e _models_gpu_seltings
g csz;g -
{ﬂa i xmgpzr in N
MAX_TSMOTy_per_ mﬁe& /
| aﬂfw&ﬁz carriers j
1t 04 i
Fi6. 9A i -




Patent Application Publication

1700 N

lamais

id_comesrg
name_camers

i
gﬁ::pec?edjame,,size

gégieméjps
save_pictures

sirenm_ved
lofitude

longitude
vsernge
pussword_tamera

or_lype

configueations

—»|config_snum

weighter_confi

tonhig enum  {H}

10
FIG 94 <

exuet_match_weight
unigue_prafix_wel
ninaty_match_wsight
iso_moich_weight
prefix_match_weight

ss)_temmovel_reohiple_with_sloho_weight vo
post_temovd_meltinle_with_doha_weight_ons
wﬁ;rmwd_w!ﬁﬁe_ﬁé_dp&m_wﬁghﬁ_m
post_remaval_onique_zern_waight

post_removel_unique_one_weight

past_removel r?a!ﬁﬁe_wfé,_sfg%ﬂ_wégh{}hw& \

ifl_thoke_neighbars

i et {FK

i comewe neighber  {FIQ)
bmﬁezi_s{:;?ghhm

pz_tartiers_confiy
ontig_enum  (FK)

server_us
fimeott in_seconds

choke_consumer_opls
onfig_emom  {FK)

fum_tonsumers
min_weight_to_consider

gueus_size e
bq:kgfg}mié_levs&shteéz__d;sme
sain_pixel_count_to_be_moving_code

phr_currier_prefixes

&

pir_orrier (R}

carriey prefix

Fic. 98

Jun. 12, 2025 Sheet 13 of 42

US 2025/0187834 Al

fracking_comara_opls

: 34
o
o
sm:%jramasﬁcgzs

choke_comera_ops

id_

{0

hoke_tamers  {FK)
by e ()
Moe_ome

withh

height

m;%jmmemapfs

stop_sign_configurotion

id_comers_stop_bor  {FK}
efare_stop bor_alarm

g R
stop_millsetonds_threshold_upper
s;agzwmmds:ﬁseﬁml@%:r
fima_zone_offssl_hours
tontig_emum  {FK)

aython_server_tonfi

—{contig_enam  {FE)

fype_server
§

port
susstonfiy

_opts_for_pythan_server
tonkig emum  {FK)
peyceninge gy usage
gpu_id_to_num

choka_sctupuney_config

tontig s {FG
seconds_fu_thetk bk for_ploems

thoks_gie_Sming Twesh min_seconds
thuke_sve_timing Hewsh_max_seconds
min_minules_o_repert
minghes_lo_slep

thoke_otr_config

mﬂ%fﬁum {3
oy

M Beenses
avg _chorader_height




Patent Application Publication  Jun. 12,2025 Sheet 14 of 42  US 2025/0187834 A1l

~,

e
 p— .
i e
(ﬁﬁ{ thoka ae&gishars expmsd frm sizg
mfﬁe? fﬁt{m{e ?@?M dhoks glﬁ
i, el "*‘ﬁ z‘f iy ggg
L |sove_vio
chasss_lobels };" | Jroam 1
i é:ﬁ |
ar o T%e]ng §§¥ﬁ.5§m 2/ / i% ;g;ggaeﬁ
i i
g.. :}u:g ere_lemp /’ il fuda
- B
et i e
E ol = /{5 =
e e
chossis_ s f}/M % atking events J{[IN it presels
. Hmfs dhassis | ?X} y o {H "J} fg 5 N e
i_chussis_tomer_poir {F ;;fé Jumg fi {i ; | gr%sai A
e i
hossis ¥f¥§§9rezf dlorms &Eﬁ\fdﬁ — j f ; 5 ; W T,
mém siam;; }{5&} {?gié”; g;@:;;swf [ mwzzm;gh 4]
ﬁﬁﬁ@i’ﬁ wwz jx‘ b?d ;g | ne_presel J // 10
chasss sosul / f(/ Eﬁgreag!&mﬁgg%& f Pl et I
o | [| i ||| i R
chassis_lobel / gf dams (0 H- ﬁ;ﬁe Wﬁh p
:gassts'kbe! %zm; w0 _j ; I — el fop | Jﬁg J 4
thassis_comery i {F - e
smir;afm:aémjé {F} f' ?kﬁmﬁ&mgg e %g
fime_insert f =
= choke ¢
ston_sign_violetions _hist r/ ;,;?;%M]W J w Eé_{ixsice_,::sﬁim
@%ﬁ %@m / “%éwtemsrﬁu oke {H)
aﬁéfgam ;;;:;?3 dhoke,_obieds / ! fime_stomp_renuast
%mgg? ! id_cm_mgm (i f 1 dhoke modl predicions
i
doames () e oo sl j ,, fgg; s
midelondere | i ?[w m,,éi@
TSN |
1800 Vi §s mznéerieé ; e aig éf;mm {H
di{;ﬁéﬁ ‘Exwmme;q i é\@ke}ﬁhd&jk&f&é
direcion_from_clorm | | ggrlaﬁai
] ,
16 10A e i imoges | renson
i_thoke_remunst {{K}w‘j Eé_(hﬁi(ﬁ_fﬁ%ﬂﬁ? {H)
id_image_puth {R




Patent Application Publication

Jun. 12, 2025 Sheet 15 of 42

US 2025/0187834 Al

1500 P e thoke_ragions B
ol T w0 |
N i , o . sp
A _region {RK} | 2»»»*3{!3 o {H)
%‘& \ direction_coming_from to_pork \ asighbar_spols
' \ i porking_spt (O
‘X \ kil spots_fu_prose i Miiﬁgﬂf u ()
\ r«*;xd resst {FK) " ‘ parking_spols
V] kg ) Tonk ol
\] 9—] % L}i " spot
\_ ne row_sgpol
i fop_ ﬂ‘g §;3§” '
X ﬂs?i Wiude
N E longiude
f hottm ,y peLponey timgss
; botfom —-H} F-t1id_parking spot [
] id_moge w;saih {FK} it lime mﬁ
NI
K:\ m{e} a?m - ;ig;?:@fm
AN \ P | ime_slomp
WG /] bl el
): zi Lé simgﬂs;mt ( £ w& Tohe] Fhered
o P (=gl Lid w;mé; ()
2ot b a h& .
FIG 1043 | e s ~FI6 100
i / b,
;é image_path {FK) ; ai&rmm@es e
A % fgsmfg image_palh {FK —tid_parking_spot K} T
{01y . fime,_st
2 matthed_tonfidence . me {;m;z
S——— ot i
buck_contgner_vegions W\( ‘-—Sgtmﬁ Bgiﬁﬁ - T
0 ; plz_objeck il
st e%)? A 8 ] { N wid_ptz_object_bist
o spot (MG N e _pm%«ag._sgat {?X}
o
choke,_bockground_lobels ot Fhal
i ij%ia theke  {FK) ?g@a*a‘
m&i mééﬁ&m %ﬁ”gﬁé{}
e cdor_baxes_for_codas
v j wuid_otr_fnbel_box
plz_turrent_inventory b i e gty {0}
?1% r bl | or_lehel
king_spol ng{} mn_x
iéﬂﬁ mt:ﬁ:&ma m
ﬁ_}mﬁ MOX_Y
8.l FIG. 108 s nfience




Patent Application Publication

10
FIG 108+

Jun. 12,2025 Sheet 16 of 42

femp_his}_nte_none_dacisions

N

":ﬂ

g
m stm;x

zé rfﬁ K
{?ﬂm@% Eé!(i}

carTise_nome

e
o~

otg_hanges inventary

i
o e,

S e

-1id_gaeking_spot  {FK)

upper_fime_shom
ia%?g fime_ mg
torrier_nume

i

S

*

tolor_hist
"é«
;zm;s

ﬁgwﬁﬁf

roag_ iﬁgﬁm

ma&émce

W
:

\

H

%

wmerss_nol éwp;x

‘\g

I

Annnnnd

/

~—{id_comers_ptt_{FK}
|

piz_imeges | sz
if_image_path jv (R

b et

id_parking_spat

piz_imoges_hid

/

i_image_patt_bit {FK)

i _presat
i_porking_spat

alz_model _pmdx%ms

it

ﬂ)sﬁ dence
top_left J
top_lelt y

hottom ngh% X
hodtom_sighl_y

plz_tovrier __gmékﬁms

ﬁ prediction

‘““93

ms;z x
min_y
%
mox_ Y

thoke_turrent_jnventory

otr_kibel

fime_stomg

muiched_confideme
_diraction

i _togion  {F

thoke_torrend_inv_bit

i éxake jriy hist
nr_fobel
fime_stomp
maiched_ saai;éeme

vdidregion {?K}

drift_in_loeges

i , {H
I
dift y

F16. 10C

US 2025/0187834 Al

/w{?ﬁ



Patent Application Publication

wsr_jnfmmﬁan

id_
g

5 %msh
fsrst feme

s nune
dale gr&gsswed

e

GL0RSS | ﬁﬁ&‘

slot_ovents

v
aqp_init
eap mr;ba:r

iﬁ; ﬁﬂm f

m s?
ffmm lot
ueation_; ma:f
Iocation _spot
event_fimestomp
Brigin_ ﬁ;z;: _;%
orig

E?ié?eJ**é‘ ine

?&?ﬁf&é o
33{8

fammmme

current_inveniory

egp_init

eEz fiim;b@'
inf
" number

fime_stam
tsr ;m{“ P

thoke point evends

vuid_thoke point
egp_nit 1
8ap_number
e

st
gvant_limestump

iﬁﬂi ﬁ ﬁt}
33‘.’&
tﬁﬂ’e

fre ﬁiehme
message_type
messade_version
origin_app_
origin_user

Jun. 12,2025 Sheet 17 of 42

weblool reports

| repo

;%_waiz%ad repar?s
Fu e stom

wint_speeds

o

ne

inverdory _svanls

ygid ,
 ini
wg ns:;z&sr

thes_ind
thas_number
sin 333
st
{ﬁﬁm ot
putlion_tow
lgcg&:en spot

even%m Jnasmmp

mﬁi_}ype
origin_upp_id

sm assr
cfm
{reiﬁe &hme

message vmm

lol_comedion_evenls

il
eqp_inft

L

n_st
agé;&n ot
mz;,_;aw
focati
aven)_| mssf i
nrigin_npp_i
oiig zsss:
L1
mﬁe

mmge vema

shol_range_evenls

ouid siaf _onge
&4p._

mber
ﬁ c”ée?m region
mﬁ mwﬁmp

csr;e?;m i

e nama

o s

Fi6. 11

US 2025/0187834 Al

’/W&i}



Patent Application Publication  Jun. 12,2025 Sheet 18 of 42  US 2025/0187834 A1

CLIENT

APP MODULE

9

PGROUNCER MODULE

el

2001

2002

/“’“MM\‘\\

| DATABASE
\ SERVER
S

N S

Fi6. 12

%’\\ P



Patent Application Publication  Jun. 12,2025 Sheet 19 of 42  US 2025/0187834 A1l
P
sszag}gx (‘“‘“““ ”’””““"‘““\;
;........... s, N
MeMory | | PROCESSOR N
715 . . 14 ,‘ mx%sggss
" - -CONTAINER TYPE VALUE
« PERFORMING DCR PROCESSING | o
~ EXECUTING MACHINE LEARNING MODEL (E.G. N, RAN) N 000 Gt
- YEHICLE CLASSIFICATION
N W
.
£ ey
ﬁﬁ 204y . 2050
& - -
o 52
SE M| |20
g
Q 29‘%“\\% i ff-“"?a%
SENSOR |+t RCGL
L e 205¢
1V WIRELESS TRANSCEIVER
Whe—y | T/ 212
SENSOR | -t~ T
CONTROLLER
13
SENSOR - f
(EG. IMAGE SENSOR | * v
PROXIMITY SENSOR) GEOLOCATION DEVICE
206c 2




Patent Application Publication

U 3

" REWORK
(E.G. INTER

DN it

Jun. 12,2025 Sheet 20 of 42

342

B
I

MEMORY 1 PROCESSOR

3B 5 3

o SERFORMING OUR PROCESSING
« EXECUTING MACHINE LEARNING

MOOE (86 (HE RRN

e,

US 2025/0187834 Al

3008
f.

A A
e ! AR

ot

-«.\\
s

s

menma

s
LR .
(RPN i A

DATABASE
3
CONTAINER TYPEVALLE
IDNTAINER LOGE IAAGE
LORTAINER 10CATION
SEHECEE CLASSIFICATION
VALE

oI

S R

/‘33?

304¢-J

ol 7 o "

304k
M

TRACIOR

| e DT L TERMINAL

P A Y

TERMINAL 71 Y R
TRACIOR T~ | SR

/. TERMINAL




Patent Application Publication  Jun. 12,2025 Sheet 21 of 42  US 2025/0187834 A1l

TERMINAL TRACTOR

WIRELESS TRANSCEIVER
312

¥

w

CONTROLLER
313

&

¥

QEGK}(A%{%& DEVICE

F 3

Wa~ 306b~ | e~ §

ON-BOARD ON-BOARD ON-BOARD
TRACTIOR TRACTOR TRACIOR
SENSOR SENSOR SENSOR

FIG. 15



Patent Application Publication  Jun.

8 S I, . 0 N 0,0 . 0 .0 0N 0 1 0N

v 4430
RE ”fﬂi #
FRVICE
FUPRESSS
4435
S i

zf@f
@

x&aéxﬁms €£§S‘¥Eﬁ

12,2025 Sheet 22 of 42 US 2025/0187834 A1

400

Adladdln

consue o

z§%%§§§£s HTIP ?szamz{m
OMIN IAVASCRIPT
MESIGES |

: i ‘/‘*'44311

CONSTINE p cm«zﬁm INVENTORY

INCOMING RABRITI

ﬁ%%%%% MSRGEDOER gy DR
EhSAb MESSAGES @435
R, AR “ .H_,‘....»._M . 9* R S0

‘;. iﬁ?ﬁ‘iﬁiﬁ‘f ﬁ?ﬁ%ﬁtﬁ AUTO SCALING bROUS |

%
e e e o .

= ﬁﬁ%ﬁ? ;§§x¥sx¥ ixg*z
st O M’éﬁ}*%f?égﬁ?% st (Y BT AR
= post
L INYENTORY -
S3 COMPATIBLF IMAGES
" OBIECT STORE -
INVERTORY —
DATA
ROVER | —
{{%2 gg? gﬁ?ﬁ % %}@ LEFr RloHT BACK §2 DI | sovee
InFERbicE mgf B
403 403h

FIG. 16



Patent Application Publication  Jun. 12,2025 Sheet 23 of 42  US 2025/0187834 A1l
GlyPL jﬁ?

' f"i:’i :

S 7
RDS ?QSX'SR%S "‘)

@ SN ggg{ff ixfi%ﬁs{

R érﬁf'i \ BEAL_EXChANGE

: 4d1g-441n
W e —baD
i

i

GEF IAGES
THCORING REARCARIRA

PUBLSAING
szz%?gz |

ggg, TR
‘3 GG\ RIE siE

” 7 SRAG
MR SERVGE ;\M

4{;3/" I > e —

LEFT CAMERA

F16. 17

ggg -
ity | RGN~

M”JM

~306h
PRST IMAGES

?i%ﬁ? ?&853

w””“

M



Patent Application Publication

Jun. 12, 2025 Sheet 24 of 42

US 2025/0187834 Al

2100
!//

~311 ~3bn ~306b ~306¢
oS LEFT CAMERA BACK CAMERA iil&ﬂ'{ CAMERA
NS RSP arsp ~
- 9 F RISF
ik, SREM _SEW__siichn
FRAME BY | A o
FRAME foypi(  MOLIREXER 17 1553
MANF
§ ™~ m&ﬁ WITH THE 2% DATA | RABBTTMG IN AWS
N iﬁ. is’fﬁﬁﬁgﬁ THAGES
il . INVENTORY
i cz;a:e AND 6?5 WAICHING Y paTh
et ;ﬁiﬁé‘iﬁéﬁé‘ gt —
| DETECT AND LDCALTE m THE 655 LOCATION OF
™ (CONTAINER LOCATIONS. | }P%&
2103 1 . 2 ﬁ{
{ { SECONDARY DETECIOR ﬂg{igtﬁhﬁ%mﬁ
WTILIZE AN RCHNTO
DETECT AND LOCALIZE 51 STRING €ﬁi§f¥‘
WiTHIH CONTAINER BOUNDS, SH s DeleLtD
2704 v . ST0F
{‘ TERTIARY DETECIOR ) MT - .»?, £
| DR TET VN T o f “DATA AGGREGATION )
% PROBE > STORE METADATA FROM
\) mz;sz ;‘xﬂ}? RED , Rl
7105 é,
Q” SRERTHER )
TILES MULTIPLE RSP
STREAMS }’ﬁ gASHGE ™
LT RISPSIREAM
06
bt RTSP STREAM
DUTRT

F16. 18



Patent Application Publication

RABBITMD IR AWS
¥
( INVENTORY (ONSUMER |

HIUME AND PARSE THE

RCOMING INVENTORY

MESSAGES FROM THE
EDGE DEVIES

& ™

FILTER DATA

=

Jun. 12, 2025 Sheet 25 of 42

OTHERS THAT MAY HAVE A
HIGH ERROR RATE
¥

WEIGHT DATA
SPARE TACR

i Bt

DATABASE OF KHOWN
HYERTORY AND ANSIGH A
RUMERICAL WEIGHT

[ FILTER USTHG WEIGHTS |

REMOVE ANY DUPLICATE
CONTAINER NUMBERS OR |

EPA !
COHTAINER CODE AGAINSH

COMPARE IR
&)ﬁ?ﬁéﬂ%ﬂgg&ﬁwﬁ _

2203

US 2025/0187834 Al

- 2200
f

FILIERED (ODES

HUMERICAL WEIGHT
¥

" FILTER D8 DURLICATES |
T REMOVE (ONTAINER

DAABASE ¢ ’
NVENTORY AND ASSIGN .

205

= DAIABASE

FILTERED (ODES

CODES PREVIOUSLY

TN/NEAR
| RORTED B
REMAINING

{ﬁgis

RABRITRAE TH AWS cmmmommnniinin

FILTERED (DDES

DATABASE

*e

¥

" CLIENT MESSAGE CONSUMER |

CONSUME REMAIMING (LODES, 1

DATABASE

~Mledln

CREATE CLIENT MESSAGES ARD

| SEND THEM 10 CUENT

FIG. 19

CLIENT ENDPOINT

5




Patent Application Publication  Jun. 12, 2025 Sheet 26 of 42  US 2025/0187834 A1l

MMMMMMM 2300
4

s = aresin { fotg-lut, — : ; "~
§ = aresin i iﬁ?{}émﬁﬁ%ﬁﬁ%{} émﬁﬂ)ﬁw course in vadioes converted to dugrees [0-380)

FI6. 20A

F16.208



Patent Application Publication

otk

t\ﬁfg Intaraet]

Sasrses 3307
blenay Privoedndy

3315

2314

Jun. 12,2025 Sheet 27 of 42

Fupuiny
T

Prrforning OUR provg

4 g u‘».m{;
, Bpddgl

~epdricis clasifination

3303b

FIG. 21

2300

Drptabase
3310

S 25
-caetginer oation

£

walg P

US 2025/0187834 Al

3301



Patent Application Publication  Jun. 12, 2025 Sheet 28 of 42  US 2025/0187834 A1l

3303

Cantainer Handler

Wirediess Transoebesy
3312

-

&

Controfter
3313

E 3

w

Beoincation Device

FIG. 22



Patent Application Publication  Jun. 12,2025 Sheet 29 of 42  US 2025/0187834 A1l

5003
5111 5007b-, _
5 / 50073\, l“.\{v \\ 3 »,/’{“ Slllb
1 Rusil]
; 5008
5004
5005 5005

51112
5002

FIG. 23



Patent Application Publication  Jun. 12,2025 Sheet 30 of 42  US 2025/0187834 A1l

H
H
H
H
i
§
H
H
H
H
H
{ §
{ {
§ i
¢ i
t i
4 {
t i
§ {
t H
¢ H
i, i
i - B \‘\“ {
§ 5011 LY }
¢ 5012 }
t {
t H
§ i
¢ i
t i ! Ghordt
t : i So17 ot
; . s g ¢
PR R 2 i .
§ 5016 ;
¢ ! -
i { SU.LB
§ §
b e e e e e e et e o e e e o e e e e e s o e e o e e e o e o e e e o o o e e e i
5001

FIG. 24



Patent Application Publication  Jun. 12,2025 Sheet 31 of 42  US 2025/0187834 A1l

5003
i £ S11ic 50076, 7. 5005
5005 - ' — B
B 50072~ 7 i | PP
{ e
/ 5008 i .
5004 ei 5009
Zi| 23042

o 51iia

5001 —— 5002

S— o

FIG. 25



Patent Application Publication  Jun. 12,2025 Sheet 32 of 42  US 2025/0187834 A1l

- 5005

~531ic

5005 - 560G - 5111h

4 ~3308b

© o oo

- 5008

3304

FIG. 26



Patent Application Publication  Jun. 12,2025 Sheet 33 of 42  US 2025/0187834 A1l

5003
i ! SHic 50076 1 soos
5005 - i i
I 5007a-, A1 oi] o PR
{ -
1 5008 | - 5008
| 5004 bps0
Zi| 23042
T | 5008
~~bllila
5006 | |
- 3308h
sagr | 5002
{
T g |- 5009
3304
Z
¥ X

FIG. 27



Patent Application Publication  Jun. 12,2025 Sheet 34 of 42  US 2025/0187834 A1l

Fleld of view
5007a

Field of View |
3007b

1 5009 i

- 33048




Patent Application Publication  Jun. 12,2025 Sheet 35 of 42  US 2025/0187834 A1l

|
|
!
Fleld of view
5G07a e
|
Field of View §
SOOl'ib
i -t - - ki
i
| f
!
i f
............................... N |
{ MnoP24EaLR [ j5008
| f
!
- 3304b
} f
!
!
f
§
¥
|




Patent Application Publication  Jun. 12,2025 Sheet 36 of 42  US 2025/0187834 A1l

]
. \ i
Fieid of View
50073
]
Fée!d{oi;{iew E
5\;0‘/0 T
- - - i - - 38 - =t - - R
L f
i U
| 8 ?
g i
i 2
§ 5 . 5009 E 3
g
| | 1 . 3304 |
1 |
2
i {
f
‘ - 5008
L - - + “NINOP246810 = - - - -
i
!
f
- 33040
|
— ond

j””““? F E G . 30



Patent Application Publication  Jun. 12,2025 Sheet 37 of 42  US 2025/0187834 A1l

Field of View

5GG7a e

Field of View
50076

|
1 5008




Patent Application Publication  Jun. 12,2025 Sheet 38 of 42  US 2025/0187834 A1

Field of View

5GG7a e

Fiale of View i
50070

-




Patent Application Publication  Jun. 12,2025 Sheet 39 of 42  US 2025/0187834 A1l

FIG. 33



Patent Application Publication  Jun. 12,2025 Sheet 40 of 42  US 2025/0187834 A1l

3301

FIG. 34



Patent Application Publication  Jun. 12,2025 Sheet 41 of 42  US 2025/0187834 A1l

Brivers & Dispatchers signatintent (pick-up/drop-off; 001

Al groomsstacks based entoday's bookings & future so02
appointments

Closest operators are tasked by intent and efficient nioves 6003

\/w Stacks are built for

” g}
real and fuluretime 6004

Proactively suggest
pick-up or notify £005
customersof delays

SHEngp ;ckefg"‘\\
4idropped off? /

e hat s th 4t X o
S, . Yhatzin the Yay Al Engines optimize
e, What'sin the Stacks: . .
T 8 movesin regllime
T Efficiency stgarithin s optim ize decreasing 6006
B ) o B as .
S, Y es R how tobultd Sacks, snuipment moves

FIG. 35



Patent Application Publication  Jun. 12,2025 Sheet 42 of 42  US 2025/0187834 A1l

.c.-.-g-.'fd'f"""""'wm

7001

e

it 3304

- 7004

Outbound

St

E3aX2sEX R Y

8007
k\

s Belng Mok up

“RG0g - .
Y war e tndus g
b i AL
Sl nars heing deopped off %““““’”ﬁ

. S 80
7 . g{"‘ 3'8039
8011 ;

whattinbake 1Y

8022 \enos

2015
p

Arsipd Tk bt S

% ~BO18

Savinw Frovnty vl Al

e with batends phug T dag Y

i

o

e
&,

b :
8020 ' ¥



US 2025/0187834 Al

SYSTEM FOR IDENTIFYING, TRACKING,
CONTROLLING, AND/OR OPTIMIZING
STACKED SHIPPING ASSETS IN AN
INVENTORY MANAGEMENT FACILITY
AND RELATED METHODS

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of co-
pending U.S. application Ser. No. 18/060,162 filed Nov. 30,
2022, which claims priority to U.S. Provisional Application
No. 63/284,071 filed Nov. 30, 2021, and which is a con-
tinuation-in-part of U.S. application Ser. No. 16/951,015
filed Nov. 18, 2020, now U.S. Pat. No. 12,020,148, which
claims priority to U.S. Provisional Application No. 62/936,
715 filed Nov. 18, 2019, and this application claims priority
to U.S. Provisional Application No. 63/557,472 filed Feb.
23, 2024, and U.S. Provisional Application No. 63/557,470
filed Feb. 23, 2024, the entire subject matter of these
applications are incorporated herein by reference in their
entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the field of supply
chain logistics, and more particularly, to a system for moni-
toring assets within an inventory management facility and
related methods of monitoring assets within an inventory
management facility, and more particularly, to a system for
identifying, tracking, controlling, and optimizing stacked
assets, such as containers and more particularly stacked
containers, in an inventory management facility.

BACKGROUND OF THE INVENTION

[0003] Supply chain logistics is a major international
industry. Indeed, ninety percent of world trade is shipped.

[0004] Historically, the shipping industry moved freight in
odd sized wooden crates. Of course, this lead to inefficien-
cies in filling cargo holds of trains and ships. This led to the
development of the standardized shipping container, as
disclosed in U.S. Pat. No. 2,853,968 to McLean. The stan-
dardized shipping container became ubiquitous in the ship-
ping industry, and led to the growth of intermodal shipping,
i.e., shipping the same container over different modes of
transport (e.g., train (railcar container), truck, and water-
craft) without reloading.

[0005] An important aspect of a railway transit system is
the railway yard, which includes a complex set of railroad
tracks for loading and unloading cargo (e.g., shipping con-
tainers) from trains. Because of number of tracks and trains
within the railway yard, it can be onerous to keep track of
containers as they are switched between one train and
another, or simply offloaded for motor vehicle (i.e. semi-
truck) transport. Similarly, a container terminal includes a
complex set of loaded and unloaded containers for shipping
cargo (e.g., shipping containers) from trains, ships, and/or
over-the-road vehicles.

[0006] For example, during transportation, freight may be
switched between one or more modes of transport to another,
for example, using an asset such as an intermodal container,
chassis, and/or semi-trailer moved (e.g., pulled) by a ground
vehicle. During transportation, these assets, such as contain-
ers, chassis, and trailers, may be stored in, and/or moved
between, one or more inventory management facilities or
within one or more parts or regions thereof. For example, an
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inventory management facility can include one or more of a
yard, terminal, warehouse, an order fulfillment facility,
distribution center, container yard, logistics park, intermodal
storage facility, etc., which supports storage and transpor-
tation of freight via one or more different modes of trans-
portation. In an example, an inventory management facility
may be arranged in lots, each with multiple rows of assets,
such as containers, chassis, and/or trailers, each row includ-
ing several slots or parking spaces, and each slot able to
accommodate one or more assets, such as one or more
containers (e.g., individual or stacked), chassis, trailers, or
one or more other assets.

[0007] Conventional systems for an inventory manage-
ment facility, such as a yard, railway yard, terminal, ware-
house, distribution center, container yard, logistics park,
etc., may utilize one or more vehicles to move assets from
a first location to a second location within the inventory
management facility or between one or more inventory
management facilities.

[0008] Because of the number of containers and stacks of
containers within an inventory management facility, such as
a container terminal, it can be onerous to keep track of
containers and their locations within an inventory manage-
ment facility, and more particularly, within stacks of con-
tainers within an inventory management facility, as the
stacks are moved from one location to another, such as to
provide access to other containers, or to efficiently access a
container from the stacks at a scheduled date and time.

SUMMARY OF THE INVENTION

[0009] The present invention recognizes that in container
terminals, an accurate inventory, including the location and
1D of the inventory, is an important requirement for building
efficiencies, increasing productivity and velocity within an
inventory management facility, such as a yard or distribution
facility. The traditional approach to update and track inven-
tory movement is to deploy “Yard Checkers” to drive
through the facility and record the location and ID of the
inventory. This approach increases exposure to the risk of
accidents as the Yard Checker is recording data while in a
moving vehicle. This manual process is slow, costly and
inventory becomes stale minutes after the data is input.
Accurate inventory may be required to develop an effective
load plan, improve the driver experience, and provide mean-
ingful data for a Transport Management System (TMS) and
a Terminal Operating System (TOS). The present invention
recognizes that, the problems with conventional approaches
of updating and tracking inventory become exacerbated
when the inventory includes assets such as containers, and
more particularly, one or more stacks of one or more
containers.

[0010] An exemplary embodiment is directed to a control
system for an inventory management facility, the control
system comprising one or more containers in the inventory
management facility, one or more servers, and one or more
container handlers operable within the inventory manage-
ment facility and configured to engage at least one of the one
or more containers, wherein the one or more container
handlers includes one or more sensors on the one or more
container handlers and configured to generate sensor data of
at least one of one or more containers, wherein the one or
more sensors comprises an image sensor configured to
generate container image data, one or more geolocation
devices on the one or more container handlers and config-
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ured to generate one or more geolocation values for one or
more of the one or more container handlers or the one or
more containers or a combination thereof, one or more
wireless transceivers on the one or more container handlers,
and one or more controllers on the one or more container
handlers, the one or more controllers coupled to the one or
more sensors, the one or more geolocation devices, and the
one or more wireless transceivers, the one or more control-
lers configured to transmit the sensor data and the geoloca-
tion value for the one or more of the one or more container
handlers and the one or more containers to the one or more
servers, wherein the one or more servers includes one or
more processors and one or more non-transitory computer-
readable storage mediums storing instructions comprising
one or more algorithms that when executed by the one or
more processors cause the one or more processors to per-
form steps to generate a database associated with the sensor
data, the database comprising, for the one or more contain-
ers, image data and geolocation data, perform machine
learning on the image data including executing at least one
of a first machine learning model comprising a neural
network trained to predict a location of text sequences in the
image data, or a second machine learning model comprising
a neural network for scanning the text sequences and pre-
dicting a sequence of missing characters, or a combination
thereof, and perform optical character recognition (OCR) on
the image data.

[0011] In an example, the geolocation value includes a
latitude value, a longitude value, and an altitude value.
[0012] In an example, the container image data comprises
container video data, and wherein the one or more servers is
configured to weight detected objects in the inventory man-
agement facility based upon a number of frames including
the detected objects.

[0013] In an example, the server is configured to identify
the one or more containers based upon the container image
data.

[0014] Inan example, the server is configured to track one
or more of a location or a movement, or a combination
thereof, of the one or more containers within the inventory
management facility.

[0015] In an example, a container handler of the one or
more container handlers comprises one of a side loader, a
reach loader, a reach stacker, a Rubber Tired Gantry Cranes
(RTG), or a crane loader.

[0016] In an example, the one or more servers are in
communication with the one or more container handlers and
are configured to transmit one or more operational values to
a container handler of the one or more container handlers to
position a container of the one or more containers at a
predetermined location within the inventory management
facility.

[0017] In an example, the neural network trained to pre-
dict a location of text sequences in the container image data
can include a convolutional neural network (CNN) or
another suitable type of neural network. In an example, the
neural network for scanning the text sequences and predict-
ing a sequence of missing characters can include a recurrent
neural network (RNN) or another suitable type of neural
network. The exemplary embodiments are not limited to any
particular type of neural networks and can include any
suitable neural network, or combination of neural networks.
[0018] Another exemplary embodiment is directed to a
server in a control system for an inventory management
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facility, the control system comprising one or more contain-
ers in the inventory management facility, and one or more
container handlers operable within the inventory manage-
ment facility and configured to engage at least one of the one
or more containers, wherein the one or more container
handlers includes one or more sensors on the one or more
container handlers and configured to generate sensor data of
at least one of one or more containers, wherein the one or
more sensors comprises an image sensor configured to
generate container image data, one or more geolocation
devices on the one or more container handlers and config-
ured to generate one or more geolocation values for one or
more of the one or more container handlers or the one or
more containers or a combination thereof, one or more
wireless transceivers on the one or more container handlers,
and one or more controllers on the one or more container
handlers, the one or more controllers coupled to the one or
more sensors, the one or more geolocation devices, and the
one or more wireless transceivers, the one or more control-
lers configured to transmit the sensor data and the geoloca-
tion value for the one or more of the one or more container
handlers and the one or more containers to the server, the
server comprising one or more processors and one or more
non-transitory computer-readable storage mediums storing
instructions comprising one or more algorithms that when
executed by the one or more processors cause the one or
more processors to perform steps to generate a database
associated with the sensor data, the database comprising, for
the one or more containers, image data and geolocation data,
perform machine learning on the image data including
executing at least one of a first machine learning model
comprising a neural network trained to predict a location of
text sequences in the image data, or a second machine
learning model comprising a neural network for scanning
the text sequences and predicting a sequence of missing
characters, or a combination thereof, and perform optical
character recognition (OCR) on the image data.

[0019] Yet another exemplary embodiment is directed to a
method of operating a server in a control system for an
inventory management facility, the control system compris-
ing one or more containers in the inventory management
facility, and one or more container handlers operable within
the inventory management facility and configured to engage
at least one of the one or more containers, wherein the one
or more container handlers includes one or more sensors on
the one or more container handlers and configured to gen-
erate sensor data of at least one of one or more containers,
wherein the one or more sensors comprises an image sensor
configured to generate container image data, one or more
geolocation devices on the one or more container handlers
and configured to generate one or more geolocation values
for one or more of the one or more container handlers or the
one or more containers or a combination thereof, one or
more wireless transceivers on the one or more container
handlers, and one or more controllers on the one or more
container handlers, the one or more controllers coupled to
the one or more sensors, the one or more geolocation
devices, and the one or more wireless transceivers, the one
or more controllers configured to transmit the sensor data
and the geolocation value for the one or more of the one or
more container handlers and the one or more containers to
the server, the method comprising operating the server in
communication with the one or more container handlers to
receive the sensor data and the geolocation value for the one
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or more container handlers from the one or more container
handlers, generating a database associated with the sensor
data, the database comprising, for the one or more contain-
ers, image data and geolocation data, performing machine
learning on the image data including executing at least one
of a first machine learning model comprising a neural
network trained to predict a location of text sequences in the
image data, or a second machine learning model comprising
a neural network for scanning the text sequences and pre-
dicting a sequence of missing characters, or a combination
thereof, and performing optical character recognition (OCR)
on the image data.

[0020] Another exemplary embodiment is directed to a
control system for optimizing a location of one or more
containers in one or more stacks of an inventory manage-
ment facility, the control system comprising one or more
containers in the inventory management facility, one or more
servers, and one or more container handlers operable within
the inventory management facility and configured to engage
at least one of the one or more containers, wherein the one
or more container handlers includes one or more sensors on
the one or more container handlers and configured to gen-
erate sensor data of at least one of one or more containers,
wherein the one or more sensors comprises an image sensor
configured to generate container image data, one or more
geolocation devices on the one or more container handlers
and configured to generate one or more geolocation values
for one or more of the one or more container handlers or the
one or more containers or a combination thereof, one or
more wireless transceivers on the one or more container
handlers, and one or more controllers on the one or more
container handlers, the one or more controllers coupled to
the one or more sensors, the one or more geolocation
devices, and the one or more wireless transceivers, the one
or more controllers configured to transmit the sensor data
and the geolocation value for the one or more of the one or
more container handlers and the one or more containers to
the one or more servers, wherein the one or more servers
includes one or more processors and one or more non-
transitory computer-readable storage mediums storing
instructions comprising one or more algorithms that when
executed by the one or more processors cause the one or
more processors to perform steps to generate a database
associated with the sensor data, the database comprising, for
the one or more containers, image data and geolocation data,
perform machine learning on the image data including
executing at least one of a first machine learning model
comprising a neural network trained to predict a location of
text sequences in the image data, or a second machine
learning model comprising a neural network for scanning
the text sequences and predicting a sequence of missing
characters, or a combination thereof, perform optical char-
acter recognition (OCR) on the image data, and optimize a
location of a container of the one or more containers in the
one or more stacks of the inventory management facility
based on the database.

[0021] In an example, the step of optimizing the location
of the container of the one or more containers in the one or
more stacks of the inventory management facility includes
performing machine learning on the database including
executing one or more machine learning models comprising
one or more neural networks trained to predict an optimal
location of the container of the one or more containers in the
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one or more stacks of the inventory management facility
based on one or more predetermined metrics and/or factors.
[0022] In an example, the one or more servers are in
communication with the one or more container handlers and
are configured to transmit one or more operational values to
a container handler of the one or more container handlers to
position a container of the one or more containers at the
optimal location in the one or more stacks of the inventory
management facility.

[0023] In another example, the one or more servers are
configured to transmit one or more operational values to the
one or more container handlers to re-position the one or
more containers at one or more second optimal locations in
the one or more stacks of the inventory management facility
based on one or more other predetermined metrics and/or
factors.

[0024] Advantageously, the control system may provide a
more accurate approach to inventory and location of con-
tainers in an inventory management facility such as a
container terminal. The control system may identify, locate,
and track inventory located in the inventory management
facility. With the control system, inventory and a location of
the inventory can be updated (e.g., automatically updated,
and more particularly automatically updated, for example,
based on a predetermined event, or trigger event) in real time
by each container handler as it executes work orders. The
control system may help users make smarter, faster deci-
sions that can boost the entire operation’s efficiency and
profitability. The control system removes the uncertainty
obscured by the lack of visibility, allowing operations teams
to view their facility zoomed in or out. Predictive analytics,
real-time data, internet-connected machinery, and automa-
tion may help companies become proactive to focus on
growth strategies. Furthermore, the control system may be
readily retrofitted onto existing systems with minor modi-
fications to container handlers.

[0025] The exemplary embodiments can provide a stack
management system and method that solves the longstand-
ing challenges of tracking and intelligently placing contain-
ers in an inventory management facility such as a container
terminal to minimize reshuffling and unproductive moves.
[0026] The exemplary systems and methods can minimize
or avoid time-consuming manual processes, poor yard vis-
ibility, searching for containers (e.g., in the inventory man-
agement facility, and more particularly, in stacks of contain-
ers in the inventory management facility), duplicating work
or unproductive moves, digging out containers while drivers
are waiting (e.g., moving one or more other containers in
one or more stacks of containers to access a particular
container), and/or excess emissions, among other things.
[0027] The exemplary systems can be simply and easily
mounted on an existing container handler, lift, crane equip-
ment, or the like. The exemplary systems and methods
enabling tracking and inventorying (e.g., automatic tracking
and/or automatic inventorying, for example, based on a
predetermined event, or trigger event) and determining
precise location data of stacked containers within an inven-
tory management facility (e.g., container terminal), thereby
providing unmatched visibility for stacked containers and
providing site staff with an accurate, efficient way to locate,
intelligently reshuffle, and/or rebuild stacks.

[0028] The exemplary systems and methods can utilize
high-resolution imagery, data-inferencing capabilities, and
artificial intelligence (AI) to identify, classify, and locate
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stacked containers in real time. As equipment enters, leaves,
or shifts within a facility, the exemplary systems and meth-
ods can send updates to the cloud and any receiving system
(such as TMS/YMS), providing accurate location informa-
tion for each container in the stack.

[0029] The exemplary systems and methods ensure that
one or more containers, and more particularly, every con-
tainer in a stack is visible (e.g., identified and/or tracked),
thereby streamlining operations and enhancing overall effi-
ciency of the operation of a container terminal and mitigat-
ing disruptions before they happen. That is, the image data
and location data of each container is known and tracked,
and in some examples, accessible to operators, drivers,
and/or customers.

[0030] The exemplary systems and methods can provide
real-time positioning of one or more containers in one or
more stacks. For example, exemplary systems and methods
can enable the use of existing equipment to provide real-
time, low-cost, and precisely accurate positioning data even
within stacks. This capability revolutionizes inventory man-
agement by eliminating guesswork and minimizing the risk
of errors.

[0031] The exemplary systems and methods can provide
(e.g., continuously update and provide) current, up to date
data (e.g., never-stale data).

[0032] The exemplary systems and methods can be con-
figured to continuously update data (e.g., automatically and
continuously update data) by sending location data to the
cloud in real time, minimizing unproductive equipment
moves and ensuring operators and/or customers have the
most up-to-date information.

[0033] The exemplary systems and methods can provide
Al-powered optimization of stacks. The exemplary systems
and methods can utilize artificial intelligence engines to
groom (e.g., continuously groom) stacks based on one or
more predetermined metrics and/or factors such as, for
example, one or more of current bookings and future
appointments. The exemplary systems and methods can
enable operators to place containers in a predetermined
position (e.g., preferred or optimal position), thereby
improving or maximizing efficiency and minimizing or
avoiding costly delays. For example, in an instance in which
a driver misses or cancels an appointment, the exemplary
systems and methods can utilize one or more Al engines to
re-optimize the stack and update a lift operator’s work
orders. In this way, the present invention can improve or
maximize efficiency and minimize or avoiding costly delays
associated with, for example, accessing one or more con-
tainers.

[0034] The exemplary systems and methods can provide
smart scheduling. For example, a dispatcher and/or driver
can signal intent (e.g., drop off/pick up) from their Terms of
Service (TOS), Yard Management Systems (YMS), or
natively in the exemplary control system. In an example, the
exemplary systems and methods can utilize one or more Al
engines to update work orders on in-cab tablets to fulfill
current bookings and optimize stacks, for example, for
future appointments, such as a predetermined numbers of
days out.

[0035] In some examples, the exemplary systems and
methods can provide alerts (e.g., customizable alerts) to
notify teams when a more efficient method (e.g., most
efficient method) of building stacks requires a facility layout
change (i.e., high winds, peak, customer-preferred stacks).
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For example, the exemplary systems and methods can utilize
one or more Al engines to re-optimize the stack and update
a lift operator’s work orders to reduce or minimize risks
associated with one or more of high winds or other weather
related events or forecasts. In an example, the system and
method can include a Weather Analysis Engine to forecast
and/or detect weather events such as high winds or other
weather related events or forecasts.

[0036] The exemplary systems and methods can provide
one or more customers with access (e.g., real-time access) to
view assets/inventory (e.g., containers, and more particu-
larly container image data and container geolocation data)
within a container terminal utilizing the customer’s Terms of
Service (TOS), Yard Management Systems (YMS), or
natively in the exemplary control system.

[0037] The exemplary systems and methods can be
coupled with other control systems for an inventory man-
agement facility such as a container terminal, as described
herein, such that customers can access data and be provided
a unified view and real-time snapshot of containers in a
facility, for example, from entry to exit and every move in
between. The exemplary systems and methods can work
together to give operators a real-time snapshot of an inven-
tory management facility and, in some examples, utilize Al
Engines to crunch the data to optimize movements of one or
more assets within the inventory management facility using
efficiency algorithms. In an example, the system can task an
operator of a container handler (e.g., lift operator) within a
predetermined distance to (e.g., in close proximity to, closest
to, etc.) a container or stack of containers for one or more
moves (e.g., for each move), thereby improving efficiency,
reducing costs, etc.

[0038] The exemplary systems and methods can use
simple, high-impact metrics and/or other predetermined
metrics and/or factors to optimize stacks that often go
untracked by operating teams and can provide or reveal vital
insights about operations of an inventory management facil-
ity, such as dwell time, average throughput of stacks, and/or
timeliness of drivers, among other things. The exemplary
systems and methods can automatically optimize and adjust
to streamline work.

[0039] Customers can use an interface of the exemplary
system or integrate the data into their TOS or YMS. In some
examples, individual clients can be granted access (e.g.,
selectively granted access) to view their inventory within an
inventory management facility.

[0040] The exemplary systems and methods are not lim-
ited to any particular type of inventory management facility
can include one or more of a yard, terminal, warehouse, an
order fulfillment facility, distribution center, container yard,
logistics park, intermodal storage facility, etc., which sup-
ports storage and transportation of freight via one or more
different modes of transportation. In some examples, an
inventory management facility may be arranged in lots, each
with multiple rows of assets, such as containers, chassis,
and/or trailers, each row including several slots or parking
spaces, and each slot able to accommodate one or more
assets, such as one or more containers (e.g., individual or
stacked), chassis, trailers, or one or more other assets.
[0041] For purposes of this disclosure, the term “container
handler” means terminal or yard equipment commonly
known as container handlers, including all wheeled yard
equipment, vehicles, machines, wheel loaders, side loaders,
reach loaders, reach stackers, and/or Rubber Tired Gantry
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Cranes (RTG) that are designed and used for the primary
purpose of moving containers (i.e., non-wheeled shipping
containers) or freight between points within a terminal or
yard (including, but not limited to, intermodal yards, distri-
bution center yards, ports, etc.) of a single facility or
between the terminals or yards of more than one facility. The
present invention is not limited to any particular type of
container handler. Other container handlers are contem-
plated within the spirit and scope of the invention, such as
a lift, crane equipment, or the like. In some examples, one
or more container handlers can include, for example, an
empty container handler and/or a loaded container handler.
Each container handler may be operated by an onboard
driver, may be remote controlled by the driver, or may be
fully/partially autonomous. It should be appreciated that the
control system may comprise a single container handler in
some applications, or a plurality of container handlers in
other applications.

[0042] As will be appreciated, each of the container han-
dlers can be configured to securely engage and move, place,
stack, and/or unstack containers within the container termi-
nal. Each container handler can be configured to carry at
least one container to move the container within the con-
tainer terminal and to raise or lower (i.e., change an eleva-
tion of) the container to position the container within the
container terminal. The container handlers can be configured
to lift the container from a position on another vehicle, from
aposition on the ground, or from a position on top of another
container in a stack. The container handlers can be config-
ured to transport the container from one location to another
in the container terminal. The container handlers can be
configured to lift the container to set the container on another
vehicle, on the ground, or on top of another container in a
stack. The container handlers can be capable of lifting empty
or loaded containers on a stack ranging from one container
in height to, for example, five, six, or seven containers in
height, or other heights, for example, depending on the size,
weight, type of container.

[0043] Those of skill in the art would appreciate that
various suitable machine learning models may be utilized in
the exemplary embodiments and the one or more neural
networks described herein are not limited to any particular
type of neural network and can include one or more neural
networks, such as transformer neural networks, artificial
neural networks (ANNs), simulated neural networks
(SNNs), feedforward neural networks, and/or other deep
learning models, technology, and/or toolkits for analyzing
and/or processing one or more of collected image data (e.g.,
video image data, frames of video image data, etc.), audio
data (e.g., captured audio recordings of spoken words),
textual data (e.g., sequential text), etc. and/or one or more
datasets including such data. For example, the exemplary
embodiments may utilize DeepStream technology to
improve or maximize a speed of processing high frame rate
images, video, etc.

[0044] Other features and advantages of the present inven-
tion will become apparent to those skilled in the art upon
review of the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] These and other aspects and features of embodi-
ments of the present invention will be better understood after
a reading of the following detailed description, together with
the attached drawings:
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[0046] FIG. 1 is a schematic diagram of a tracking system,
according to a first example embodiment of the present
disclosure.

[0047] FIG. 2 is a schematic diagram of railcar data flow
in the tracking system of FIG. 1.

[0048] FIG. 3 is a schematic diagram of rail automation
flow in the tracking system of FIG. 1.

[0049] FIG. 4 is a schematic diagram of safety flow in the
tracking system of FIG. 1.

[0050] FIGS. 5A-5D are flowcharts of rail service flow in
the tracking system of FIG. 1.

[0051] FIG. 6 is a flowchart of choke flow in the tracking
system of FIG. 1.

[0052] FIG. 7 is a flowchart of occupancy flow in the
tracking system of FIG. 1.

[0053] FIG. 8 is a schematic diagram of the first example
embodiment of the tracking system.

[0054] FIGS. 9A-9B, 10A-10C, & 11-12 are diagrams
showing operating of the first example embodiment of the
tracking system.

[0055] FIG. 13 is a schematic diagram of a control system,
according to a second example embodiment of the present
disclosure.

[0056] FIG. 14 is a schematic diagram of a control system,
according to a third example embodiment of the present
disclosure.

[0057] FIG. 15 is a schematic diagram of a terminal tractor
in the control system of FIG. 14.

[0058] FIG. 16 is a schematic diagram of a control system,
according to a fourth example embodiment of the present
disclosure.

[0059] FIG. 17 is another schematic diagram of the control
system of FIG. 16.

[0060] FIG. 18 is a flowchart showing operation within a
server of the control system of FIG. 14.

[0061] FIG. 19 is another flowchart showing operation
within the server of the control system of FIG. 14.

[0062] FIGS. 20A-20B are diagrams showing geolocation
calculations in the control system of FIG. 14.

[0063] FIG. 21 is a schematic illustration of a control
system, according to another example embodiment of the
present disclosure.

[0064] FIG. 22 is a schematic illustration of a container
handler, according to an example embodiment of the present
disclosure.

[0065] FIG. 23 is a schematic illustration of a container
handler, according to another example embodiment of the
present disclosure.

[0066] FIGS. 24-27 are schematic illustrations showing
operation of a container handler, according to an embodi-
ment of the present disclosure.

[0067] FIGS. 28-32 are schematic illustrations showing
operation of a container handler, according to an embodi-
ment of the present disclosure.

[0068] FIG. 33 is a diagram of a container terminal,
according to an embodiment of the present disclosure.
[0069] FIG. 34 is another diagram of a container terminal,
according to an embodiment of the present disclosure.
[0070] FIG. 35 is a schematic illustration of a control
system and method, according to another example embodi-
ment of the present disclosure.

[0071] FIG. 36 is a schematic illustration of a control
system and method, according to another example embodi-
ment of the present disclosure.
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DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
INVENTION

[0072] The present disclosure will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which several embodiments of the invention are
shown. This present disclosure may, however, be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the present disclosure to those skilled in the art. Like
numbers refer to like elements throughout, and base 100
reference numerals and base 1000 reference numerals are
used to indicate similar elements in alternative embodi-
ments.

[0073] Referring initially to FIG. 1, a tracking system 10
according to the present disclosure is now described. The
tracking system 10 is for monitoring and tracking a plurality
of containers (railcar container) within a railway yard 18. As
will be appreciated, as containers transit in and out of the
railway yard 18, it is critical to monitor the status and
location of the containers to verify their proper routing.
Moreover, there is a desire to monitor the movement of the
containers to verify that safety protocols are being followed.
[0074] The tracking system 10 illustratively comprises a
plurality of sensors 11a-11¢ configured to generate sensor
data. The plurality of sensors 11a-11¢ may comprise one or
more of pressure sensors positioned on tracks, and motion
sensors positioned on or adjacent to the tracks. The tracking
system 10 illustratively includes a plurality of cameras
12a-12¢ configured to generate image data, and a server 13
in communication with the plurality of sensors and the
plurality of cameras. The plurality of cameras 12a-12¢ may
comprise one or more different types of cameras, for
example, pan tilt zoom (PTZ) cameras, fixed cameras, and
night vision cameras (i.e. infrared cameras).

[0075] The server 13 illustratively includes a processor 14
and memory 15 cooperating therewith. The server 13 may
comprise a device local to the railway yard 18. In particular,
the server 13 may be coupled to the plurality of sensors
11a-11c and the plurality of cameras 12a-12¢ over a local
area network (LAN), for example, a wired LAN or a
wireless local area network (WLAN). In these embodiments,
the server 13 would also be coupled to the Internet to
provide remote access.

[0076] In some embodiments, the server 13 may be pro-
vided within a cloud infrastructure, such as Amazon Web
Services, Microsoft Azure, and the Google Cloud Platform.
In these embodiments, the server 13 is coupled to the
plurality of sensors 11a-11c¢ and the plurality of cameras
124-12¢ over the LAN and the Internet.

[0077] The processor 14 and memory 15 are configured to
generate a database 16 associated with the plurality of
containers based upon the sensor data and the image data.
The database 16 may include a plurality of entries respec-
tively associated with the plurality of containers. Each entry
comprises a container type value, a container logo image,
and a vehicle classification value. Of course, this list is
merely exemplary, and the entry can include other data
values, such as point of origin and destination. In essence,
the server 13 is configured to perform data fusion operations
on the sensor data and the image data to provide a snapshot
of the containers in the railway yard 18.
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[0078] The processor 14 and memory 15 are configured to
store the database 16, and provide a user interface 17 to
access the database. The user interface 17 may comprise a
web interface accessible over the Internet.

[0079] Another aspect is directed to a method for operat-
ing a tracking system 10 for a plurality of containers within
arailway yard 18. The method includes operating a plurality
of sensors 1la-11c¢ to generate sensor data, operating a
plurality of cameras 12a-12¢ to generate image data, and
operating a server 13 in communication with the plurality of
sensors and the plurality of cameras. The method comprises
operating the server 13 to generate a database 16 associated
with the plurality of containers based upon the sensor data
and the image data. The database 16 includes a plurality of
entries respectively associated with the plurality of contain-
ers. Bach entry comprises a container type value, a container
logo image, and a vehicle classification value. The method
comprises operating the server 13 to store the database 16,
and provide a user interface 17 to access the database.
[0080] Referring now additionally to FIGS. 2-4, another
embodiment of the tracking system 110 is now described. In
this embodiment of the tracking system 110, those elements
already discussed above with respect to FIG. 1 are incre-
mented by 100 and most require no further discussion
herein.

[0081] Referring to FIG. 2, the container data flow process
of the tracking system 110 is described. Here, the tracking
system 110 illustratively includes a plurality of PTZ cameras
1124 and a plurality of fixed cameras 1125 configured to
monitor the plurality of containers within the railway yard
18. In particular, the plurality of fixed cameras 1125 may be
situated to monitor rails with the railway yard at strategic
locations. The plurality of PTZ cameras 112a may be used
to more flexibly monitor the rest of the railway yard.
[0082] The tracking system 110 illustratively includes a
PTZ module 122 coupled between the plurality of PTZ
cameras 112a and the server 113. The PTZ module 122 is
configured to control the plurality of PTZ cameras 1124 and
route data flow therefrom. The tracking system 110 illustra-
tively includes a choke module 123 coupled between the
plurality of fixed cameras 1126 and the server 113 and
configured to manage the dataflow therebetween.

[0083] The tracking system 110 illustratively includes an
analysis module 125 coupled to the database 116, a mes-
saging module 126 coupled to the analysis module, and a
client 121 in communication with the messaging module.
The analysis module 125 is configured to analyze data
within the database 116 for slot events. The messaging
module 126 is configured to generate messages based upon
the output of the analysis module 125 and send appropriate
messages to the client 121.

[0084] Inthis embodiment, the server 113 comprises a C21
Intermodal Vision System (IVS) platform. In particular, the
server 113 is configured to classify each container with a
vehicle type, and a container type. The server 113 is also
configured to process the image data from the pluralities of
PTZ and fixed cameras 112a, 1125 with optical character
recognition (OCR) processing to generate text strings, deter-
mine a color of each container, and generate image data
associated with a logo carried by the container. For a
respective container, using the text string, the logo image
data, and the determined color, the server 114 is able to track
and identify the respective container within the railway yard
18.
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[0085] Referring to FIG. 3, the rail automation flow of the
tracking system 110 is described. In this flow, the tracking
system 110 illustratively includes a plurality of three dimen-
sional (3D) sensors 111 (i.e. a sensor that provides 3D data
regarding a sensed object), and an occupancy module 127
coupled between the plurality of 3D sensors and the server
113. The occupancy module 127 is configured to manage the
dataflow between the server 113 and the plurality of 3D
sensors 111 and determine whether assigned tracks are
currently occupied by containers.

[0086] The tracking system 110 illustratively includes a
fixed module 130 coupled between the plurality of fixed
cameras 1124 and the server 113 and configured to manage
the dataflow therebetween. The tracking system 110 illus-
tratively includes a locomotive module 131 coupled to the
database 116 and a user application module 132 also coupled
to the database. The locomotive module 131 is configured to
control movement of locomotives in the railway yard 18.
The user application module 132 is configured to process
user requests for locomotive movement.

[0087] The tracking system 110 illustratively comprises a
communications module 133 coupled to both the locomotive
module 131 and the user application module 132. Also, the
tracking system 110 illustratively comprises a visual track
occupancy system head end (VTOS-HE) module 134
coupled to the communications module 133 configured to
receive messages from the communications module. For
example, the messages may comprise a JavaScript Object
Notation (JSON) format message. Of course, other message
formats can be used. The server 113 is configured to
determine railcar classification and track occupancy detec-
tion within the railway yard 18.

[0088] Referring to FIG. 4, the safety flow process of the
tracking system 110 is described. Here, the tracking system
110 illustratively includes a safety module 135 coupled
between the plurality of fixed cameras 11256 and the server
113. The server 113 is configured to monitor for illegal
parking and speeding in the railway yard 18, monitor for
stop bar violations in the railway yard, monitor for safety
gear violations in the railway yard, and monitor for aban-
doned/idled objects in the railway yard.

[0089] It should be appreciated that the server 113 may be
situated in the cloud infrastructure for some embodiments.
In these cloud embodiments, the controller modules (i.e. the
PTZ module 122, the choke module 123, the occupancy
module 127, the fixed module 130, the locomotive module
131, the communications module 133, and the safety module
135) for data flows would be local to the railway yard 18.
[0090] Referring now additionally to FIGS. 5A-5D, flow-
charts 1000, 1100, 1200, 1300 illustrate rail service flow in
an exemplary embodiment of the tracking system 110. In
particular, flowchart 1000 shows control of the plurality of
cameras 12a-12¢, and how they are panned within the
railway yard 18. Also, the flowchart 1000 shows how images
are sorted for OCR processing. Flowchart 1100 shows
images are processed in sectional fashion, prioritizing the
middle portion of the image. Flowcharts 1200, 1300 show
how the tracking system 110 parses and identifies vehicle
classification values.

[0091] Referring now additionally to FIG. 6, a flowchart
1400 illustrates the choke flow in an exemplary embodiment
of' the tracking system 110. In particular, the tracking system
110 times streams from the plurality of cameras 12a-12¢
based upon the detection of events at the cameras.
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[0092] Referring now additionally to FIG. 7, a flowchart
1500 illustrates occupancy flow in an exemplary embodi-
ment of the tracking system 110. Again, the flowchart 1500
shows control of the plurality of cameras 12a-12¢, and how
they are panned within the railway yard 18. The images are
fed into the occupancy detection algorithm, which com-
prises a machine learning component.

[0093] Referring now additionally to FIG. 8, a diagram
1600 illustrates computational engines of an example
embodiment of the tracking system 110. In this embodiment,
the computation engines illustratively comprise an interfer-
ence model outputting downstream in a plurality of col-
umns. The plurality of columns comprises a choke occu-
pancy column, and a classification column.

[0094] Referring now to FIG. 13, a control system 200
according to the present invention is now described. The
control system 200 is for a railway yard 201 with a plurality
of railroad tracks 2024-2025b. As will be appreciated, one or
more of the features described above in the tracking system
10, 110 may be incorporated into the control system 200.

[0095] The control system 200 illustratively includes a
plurality of RCLs 203a-2035 and sets of railcars 204a-204c¢
(e.g., a container, a railcar container, boxcar, a cargobeamer
car, a coil car, a combine car, a flatcar, such as a container
flatcar, a schnable car, a gondola car, a Presflo and Prestwin
car, a bulk cement wagon car, a roll-block car, slate wagon
car, stock car, a tank car, a tank wagon car or tanker, a milk
car, a “Whale Belly” car, a transporter wagon car, and a well
car), 205a-205¢ respectively associated therewith on the
plurality of railroad tracks 202a-202b. As will be appreci-
ated, each RCL 203a-20356 is capable of pushing or pulling
a respective set of railcars 204a-204¢, 205a-205¢ on the
plurality of railroad tracks 202a-2025.

[0096] Each RCL 2034-2035 illustratively comprises a
geolocation device 211 (e.g., global positioning service
(GPS) receiver) configured to generate a geolocation value
for a respective RCL, a wireless transceiver 212 configured
to enable remote control, and a controller 213 coupled to the
wireless transceiver and the geolocation device. For
example, the wireless transceiver 212 may comprise a
cellular transceiver, or a WLAN transceiver (e.g., WiFi,
WiMAX).

[0097] In some embodiments, each RCL 203a¢-2035 com-
prises a plurality of onboard image sensors coupled to the
controller 21356 and generating a corresponding plurality of
video streams. The controller 213 is configured to transmit
the plurality of video streams to a remote control.

[0098] The control system 200 illustratively includes a
plurality of railyard sensors 206a-206¢ configured to gen-
erate railyard sensor data of the plurality of railroad tracks
2024a-202b. In some embodiments, the plurality of railyard
sensors 206a-206¢ may comprise an image sensor config-
ured to generate railyard image data. In other embodiments,
the plurality of railyard sensors 206a-206c may comprise
additionally or alternatively a proximity sensor (e.g., range
finder sensor, pressure sensor) configured to detect a pres-
ence of plurality of RCLs 2034-2035.

[0099] The control system 200 also includes a server 207
in communication with the plurality of RCLs 2034-20356 and
the plurality of railyard sensors 206a-206¢. The server 207
is configured to generate a database 210 associated with the
sets of railcars 204a-204¢, 205a-205¢ based upon the rail-
yard sensor data. The database 210 comprises, for each
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railcar 204a-204c¢, 205a-205¢, a railcar type value, a railcar
logo image, and a vehicle classification value.

[0100] The server 207 comprises a processor 214, and a
memory 215 coupled thereto. In some embodiments, the
server 207 comprises a stand-alone computing device or
cluster thereof located remote to the railway yard 201 or
on-site for latency reasons. In some embodiments, the server
207 may comprise assigned resources in a cloud computing
platform, such as Microsoft Azure, Amazon Web Services,
or Google Cloud Platform.

[0101] The server 207 is configured to generate selectively
control the plurality of RCLs 203a-2035 to position the sets
of railcars 204a-204c, 205a-205¢ within the plurality of
railroad tracks 2024-2026 based upon the railyard sensor
data. As will be appreciated, each RCL 203a-2035 commu-
nicates with the server 207 via the wireless transceiver 212.
The controller 213 is configured to transmit a plurality of
operational values for the respective RCL 203a-2035 to the
server 207 to provide snapshot of the current status. For
example, the plurality of operational values comprises the
geolocation value for the respective RCL 203a-2035, but
may include a speed value for the respective RCL, a bearing
of'the respective RCL, a condition of the respective RCL and
associated sets of railcars 204a-204c, 205a-205¢, and a
weather condition of the railway yard 201.

[0102] Also, the server 207 is configured to monitor the
plurality of RCLs 2034-2035 for railyard traffic violations.
In particular, the railyard traffic violations may comprise
illegal parking and speeding in the railway yard 201, stop
bar violations in the railway yard, safety gear violations in
the railway yard, and abandoned/idled objects in the railway
yard. Moreover, in some embodiments, the server 207 is
configured to monitor the behavior of personnel within the
railway yard 201. For example, the server 207 is configured
to monitor personnel for safety rule compliance.

[0103] The server 207 is configured to identify each railcar
204a-204c¢, 205a-205¢ based upon the railyard image data.
The server 207 is configured to perform OCR on the railyard
image data. The server 207 is configured to perform machine
learning on the railyard image data. In particular, the server
207 may be configured to execute a first machine learning
model comprising a CNN trained to predict a location of text
sequences in the railyard image data. The server 207 is
configured to execute a second machine learning model
comprising a RNN for scanning the text sequences and
predicting a sequence of missing characters.

[0104] Yet another aspect is directed to a method for
operating a control system 200 for a railway yard 201 with
a plurality of railroad tracks 202a-2025. The control system
200 includes a plurality of RCLs 2034-2035 and sets of
railcars 204a-204¢, 205a-205¢ respectively associated
therewith on the plurality of railroad tracks 2024-2025, and
a plurality of railyard sensors 206a-206c¢ configured to
generate railyard sensor data of the plurality of railroad
tracks. The method comprises operating a server 207 in
communication with the plurality of RCLs 2034-2035 and
the plurality of railyard sensors 206a-206¢ to generate a
database 210 associated with the sets of railcars 204a-204c,
205a-205¢ based upon the railyard sensor data, the database
comprising, for each railcar, a railcar type value, a railcar
logo image, and a vehicle classification value. The method
includes operating the server 207 to selectively control the
plurality of RCLs 203a-2035 to position the sets of railcars
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204a-204c, 205a-205¢ within the plurality of railroad tracks
202a-202b based upon the railyard sensor data.

[0105] One of the most expensive challenges for train
companies is maintaining and operating a railroad classifi-
cation yard. The function of the railroad classification yard
is to sort incoming trains in order to build outgoing trains.
Within the yard there are rail cars and locomotives; the rail
cars provide storage for the cargo to be shipped and the
locomotive moves the train from point A to point B. Loco-
motives are also used to move rail cars within the railroad
classification yard. Each of the controlled locomotives are
commonly referred to as an RCL. Each RCL in the railroad
classification yard typically contains a control module that
controls the train’s movement either in a forward direction
or a backward direction.

[0106] The control module also controls the speed at
which the train will move. The control system 200 uses
VTOS-HE and provides railyard automation (RYA). The
VTOS-HE is placed in an RCL and transmits instructions to
the control module within the RCL regarding the direction
and speed of the RCL. VTOS-HE can receive information
from a remote location outside of the RCL and without the
intervention of a human operator.

[0107] VTOS-HE is compatible with the VTOS system,
which monitors the position, direction, and speed of indi-
vidual rail cars, locomotives, and other debris or objects
throughout the rail yard. VTOS-HE continuously utilizes the
VTOS system to generate instructions to then be transmitted
to its corresponding control module in the RCL. In addition,
the VTOS-HE device can be mounted in an existing head
end mounting bracket and meets all railroad standards for
vibration and environmental regulations.

[0108] Furthermore, VIOS-HE will incorporate real time
self-checking of all major components and subsystems. It
will also have a positive indication of a failure and redun-
dancies will be built into the system to protect against any
accidents or catastrophic events.

[0109] The VTOS-HE system will incorporate a GPS so
that the end user can pinpoint the location of the RCL within
the classification yard. This control system 200 is intended
to reduce injuries, fatalities, and costs associated with a
railroad classification yard. In turn this control system 200
will provide a safer and less costly alternative to the typical
approaches.

[0110] This control system 200 provides GPS coordinates
and wirelessly connects automatically with a VTOS across
a railroad classification yard. The railroad classification yard
has a multitude of tracks upon which the individual loco-
motives move throughout the yard. This system will deter-
mine and report the speed and direction of a particular
locomotive or remote control locomotive (RCL).

[0111] With this system it is designed so that locomotive
in the classification yard of a railyard are operated remotely
without the need for a human being present in the RCL. The
VTOS system will use a pole with a light tree that is
positioned in the classification yard. The light tree is used
with the VTOS system. Additionally a pole with a camera is
positioned in the yard to provide images of the yard includ-
ing any locomotives and will able to document real time
movement of individual locomotives in the yard. When the
system is fully implemented multiple cameras may be used
in the yard as well as multiple light trees.

[0112] With this system, control of the RCL is governed
by commands from the VTOS-HE system and not by a
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human operator. Although the potential for human operation
of the locomotive may exist, VIOS-HE can override the
operator if the instructions are not followed.

[0113] VTOS-HE is intended to work in tandem with
VTOS 1 when a locomotive is in the yard, approaching the
yard, or departing from the yard. Once a locomotive is in
either of the three locations VTOS-HE is automatically
implemented and will immediately begin wirelessly receiv-
ing information from the VTOS system. The VTOS-HE unit
is placed in the RCL to transmit information between the
VTOS system and the other components of the VTOS-HE
system. The information from VTOS will then be computed
by VTOS-HE and then an instruction is quickly provided to
the control module, provided by the RCL/RCO system. The
control module actually controls the function of the loco-
motive.

[0114] Once the control module receives an instruction
from VTOS-HE, it then carries out the instruction. For
example, VITOS-HE may transmit an instruction to the
control module or backhaul to slow down the locomotive 20
to 1 mph. The control module will then slow the locomotive
to 1 mph.

[0115] In order to give the operator a visual reference a
camera is incorporated into the VTOS system in order to
provide visual images of the individual RCLs in the classi-
fication yard. This camera will operate in all lighting con-
ditions and may include the capability to capture thermal
imaging. However, an option is provided that allows an
individual to manually override the instruction provided by
VTOS-HE and submit his or her own instructions to the
backhaul. This individual may be in the train or in a remote
location. If an individual overrides VTOS-HE and inputs his
or her own instructions or controls the locomotive manually,
VTOS-HE will monitor and record how the train is con-
trolled and the speed of the train.

[0116] FEach locomotive in the yard containing a VTOS-
HE system can transmit through VTOS the location of the
locomotive it is installed into other VIOS head end units
installed in other RCLs in the rail classification yard. The
head end units then use that information along with the
information provided by VTOS to generate and submit
instructions to the corresponding control module in the
RCL.

[0117] VTOS-HE will also collect mechanical information
from the RCL/RCO system and transmit that information
through VTOS. This is important for efficiency. If a loco-
motive has a mechanical malfunction, VTOS-HE will wire-
lessly transmit such information through VTOS. In turn the
correct repairs can be performed quickly. Furthermore, the
VTOS-HE can share this information through the VTOS
network to other RCLs in the yard. Once informed, the
VTOS-HE on other RCLs can instruct the control module
accordingly so that a potential collision is avoided.

[0118] Inaddition to VTOS-HE receiving and transmitting
information wirelessly, it will also incorporate real time
self-checking of all major components and subsystems. It
will also have positive indication of a failure and redundan-
cies will be built into the system to protect against any
accidents or catastrophic events.

[0119] The VTOS-HE system will be able to communicate
with the RCL/RCO system via a serial data or TCP/IP
communication protocol remotely and determine which
track the RCL locomotive is occupying. In order to maxi-
mize the security of the system, the information that is
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transmitted in the VIOS-HE system may be encrypted.
Additionally access to the system may be password pro-
tected. With this application multiple backhauls and multiple
relays may be used to transmit information throughout the
yard.

[0120] In the following, a discussion of exemplary fea-
tures that may be included in the tracking system 10, 110 and
control system 200 now follows. The purpose of this docu-
ment is to describe the utilities and capabilities of the IVS
and its subservices.

Machine Learning Models

2.1. Stencil Recognition with OCR

[0121] The Stencil recognition engine provides OCR to
the system. This engine uses two machine learning models
in conjunction. The first model is a neural network trained to
predict the locations of text sequences in the image, for
example, a region-based neural network trained to predict
the locations of text sequences in the image, or in an
example, a region-based convolutional neural network
(R-CNN) trained to predict the locations of text sequences in
the image. The cropped text from each of these outputs is
then given to a specialized neural network, for example a
recurrent neural network (RNN) or other suitable neural
network, which scans the text and predicts the sequence of
characters it sees. This engine handles both horizontally- and
vertically-oriented text, enabling it to predict on the text
patterns commonly used on intermodal carriers.

2.2. Brand Recognition

[0122] The Brand Recognition Engine recognizes the
shipper brand of a railcar or trailer. For example, JBHUNT,
YRC, FedEx, UPS, etc.

2.3. Asset Type Recognition Engine

[0123] The purpose of the Asset Type Recognition Engine
is to classity the type of asset. For example, “railcar/railcar
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container”, “container”, “trailer”, “Chassis”, “pickup truck”,
“bobtail”, “hostler”, “pedestrian”, “worker” etc. In addition
to the type of asset, the model also returns a bounding box

surrounding the asset in the image.

2.4. Color Engine

[0124] The Color engine utilizes and reuses the R-CNN
engine’s localization to infer the color of the railcar or
trailer’s face. This engine can use both computer vision and
machine learning to achieve this.

[0125] Using computer vision, the engine may return the
most dominant colors in the cropped image as numeric
coordinates in any given color space (e.g., RGB, HSV, YUV,
LAB, etc.). Using machine learning, the engine may utilize
a CNN trained to predict the dominant color of the image in
human-readable form (e.g., “Red”, “Blue”, “White”, etc.).

2.5. PTZ Slot Classification Engine

[0126] The PTZ Slot Classification Engine is given an
image snapshot from the PTZ camera. The image is then fed
to an R-CNN model trained to detect the location and traits
of the faces of railcars and trailers. The model also can
determine the front and rear ends of the railcars and trailers.
[0127] This model aids the system in localizing the con-
tents of the parking spot and classifies the carrier (identified
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by their logos, if any) and type of asset (See § 2.3). The
classifications and especially the locations output by the
R-CNN model are able to be used in other parts of the
system to filter and/or validate the output predictions from
other adjacent engines.

2.6. Unique Visual Characteristics Engine

[0128] Detect additional anomalies that may be used to
further identify a particular asset, for example, rust or
damage, graffiti, etc.

2.7. Weather Analysis Engine

[0129] The main purpose of the Weather Analysis Engine
is to visually detect weather events that harm the systems
operation, for example, heavy rain or fog.

2.8. Travel Direction Engine

[0130] The Travel Direction Engine determines the direc-
tion that an object is traveling with respect to the camera in
an image or series of images.

PTZ Service

3.1. Service Overview

[0131] PTZ uses pan-tilt-zoom cameras as a way to survey
the yard. Images from these cameras are fed through various
engines to be reported to the database.

3.2. Service Operation

[0132] PTZ cameras are mounted throughout the yard.
Pre-set locations are used to isolate spots to report codes.
Each preset is meant to correlate to a specific location in the
yard. The cameras cycle through their pre-set locations to
continuously cycle through the yard’s spots, taking a picture
at each pre-set location. These pictures are sent to the PTZ
Classification Module and OCR engine. After being pro-
cessed by these engines, the OCR engine’s code results are
then weighted through the weighting system engines. The
weighting engine system results can be filtered through
various means. Codes not filtered are reported to the data-
base, corresponding to the current pre-set location. Current
filtration systems include: Classification R-CNN filter:
codes read that are not the fronts of railcars are removed
from the possible results from the spot in select locations.
Priority code selection: codes read that are not central to the
image are removed from the possible results. Neighbors
Logic: remove codes that have been reported nearby to
reduce repetition of codes.

3.3. PTZ Classification Module

[0133] The PTZ Classification module uses the PTZ Car-
rier Classification Engine, Color Engine, and unique visual
characteristics engine to provide additional detail of the
contents of a slot observed by PTZ, for example, “White
JBHUNT with Rusted Top”, “Blue Trailer”, “Brown
Stacked Chassis” ctc.

3.4. Stencil Recognition with OCR (See § 2.1).

3.5. Weighting

[0134] System for assigning confidence (weight) to OCR
read codes of railcar stencils.
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[0135] Weight—Value representing the likelihood of a
correct code match.

[0136] OCR—Engine that takes images of characters and
produces text representative of what the engine reads.

[0137] Prefix—The first four values of a railcar code/
stencil.

3.5.3. Inputs:

[0138] OCR code—A code read by the OCR engine, from

images provided by a camera. Current Inventory—A list of
railcar codes in the yard obtained from the Database. Model
Carrier Prediction-A prediction from a machine learning
model that is designed to predict carriers. The model carrier
prediction is then mapped to common carrier prefixes which
are used in the stencil engine system.

[0139] Weighting will be composed of eight steps (En-
gines 1-8). Each step will attempt to provide a weight for an
OCR generated code. If a step is successful, the weight,
matched code and accompanying reasons list is returned, at
which points the remaining steps will not occur. If it is not
successful it continues onto the next step. In most cases, the
OCR code is compared against the current inventory.
Weighting/confidence values are variable to customer needs.
Names are provided as a shorthand for the operations the
engine performs. If no engine is successful in performing a
match, a weight of zero is assigned, with the failure reasons
of each engine attached. 3.5.5. Engine 1: Exact match.

[0140] In this step, the OCR code is shortened to the first
ten characters (or length of current inventory). It is then
compared against a list of codes in current inventory. If the
code matches exactly with any code in the inventory, this
step is successful. The input is shortened, as the current
inventory codes are stored as ten digit codes. On success:
Returns a list of reasons that contains only an exact match
confirmation. Returns the exact matching string. On failure:
Reasons list adds an exact match failure description.

3.5.6. Engine 2: Unique Numbers Match.

[0141] In this step, the OCR code’s numbers, except the
check digit are compared against the numbers in the current
inventory. If there is only one match then this step is
successful. On success: Returns a list of reasons that con-
tains an exact match failure and a unique numbers match
success description. Returns the unique matching string. On
failure: List adds a unique numbers match failure descrip-
tion.

3.5.7. Engine 3: ML Prefix Augmentation

[0142] If the model carrier prediction is not empty, then
the carrier prediction is correlated to a list of known carrier
prefixes. If the shortened OCR code (the code without check
digit), matches in nine out of ten of its values to a code in
the current inventory, the carrier prefix list is used to
substitute the OCR code’s original prefix. Only prefixes
within one character difference are attempted. If this creates
an exact match in the inventory this step is successful. On
success: returns a list of reasons that contains an exact match
failure a unique numbers match failure and an ML Prefix
Augmentation success description. Returns the matching
string after augmentation. On failure, list adds an ML Prefix
Augmentation failure description.
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3.5.8. Engine 4: ML Prefix Replacement

[0143] If the model carrier prediction is not empty, then
the carrier prediction is correlated to a list of known carrier
prefixes. The carrier prefix list is used to substitute the OCR
code’s original prefix. Only prefixes within one character
difference are attempted. If this creates an exact match in the
inventory this step is successful. On success: returns a list of
reasons that contains an exact match failure, a unique
numbers match failure, an ML Prefix Augmentation failure
description, and an ML Prefix Replacement success. Returns
the matching string after Replacement. On failure: List adds
an ML Prefix Replacement failure description.

Engine 5: Code Off by One.

[0144] If the shortened OCR code (the code without check
digit), or the full ISO code matches in all but one of its
characters to a code in the current inventory, this step is
successful. On success, returns a list of reasons that contains
failure reasons for above steps and a code off by one match
success. Returns the matching string. On failure, list adds a
code off by one match failure description.

Engine 6: Numbers Only Match.

[0145] If the OCR code’s numbers (excluding the check
digit) are an exact match in the inventory, this step is
successful. On success, returns a list of reasons that contain
failure reasons for above steps and a numbers only match
success. Returns the full OCR code read without any modi-
fications. On failure, list adds a numbers only match failure
description.

3.5.11. Engine 7: ISO Check

[0146] If the code is compliant with ISO 6346, this step is
successful. On success, returns a list of reasons that contain
failure reasons for above steps and an ISO check success.

[0147] Returns the full OCR code read without any modi-
fications. On failure, list adds an ISO Check failure descrip-
tion.

3.5.12. Engine 8: Prefix Match

[0148] If the prefix of the OCR code matches any prefix in
the inventory, this step is successful. On success, returns a
list of reasons that contain failure reasons for above steps
and an ISO check success. Returns the full OCR code read
without any modifications. On failure, list returns all failure
reasons encountered.

3.5.13. Stencil Engine Examples:

[0149] Each example case is followed by the engine that
successfully handles the case. Code
[0150] Read represents a stencil code read through OCR.
All examples use this sample current inventory of the
following  codes:  ABCD123456; QWER123457;
WASD123457; and SWRU234567.

[0151] Example case 1: Engine 1

[0152] Code Read: ABCD123456

[0153] Match Condition: Exact string found in inventory.
[0154] Code Returned: ABCD123456

[0155] Explanation: The exact string exists in the inven-

tory. Meeting criteria for Engine 1.
[0156] Example case 2: Engine 2
[0157] Code Read: WASD123456
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[0158] Match Condition: Unique Numbers Match.
[0159] Code Returned: ABCD123456
[0160] Explanation: There is only one code in the current

inventory with the numbers 123456.

[0161] Meeting criteria for Engine 2.

[0162] Example case 3: Engine 3

[0163] Code Read: KWER123457

[0164] Machine Learning Prediction: railcar prefixes:

QWER, DDCD.

[0165] Match Condition: ML Prefix Augmentation.
[0166] Code Returned: QWER123457
[0167] Explanation: There is a code that is one value off of

our prediction. After replacing with prefix QWER there is a
match.

[0168] QWER123457 is the only one in range to try
replacement. Meeting criteria for Engine 3.

[0169] Example case 4: Engine 4
[0170] Code Read: KPER123457
[0171] Machine Learning Prediction: railcar prefixes:

QWER, DDCD.

[0172] Match Condition: ML Prefix Replacement.
[0173] Code Returned: QWER123457
[0174] Explanation: There is no code that is one value off

of our prediction. After replacing with prefix QWER there is
a match.

[0175] QWER123457 and DDCDI23457 are both
attempted to be matched against inventory. Meeting criteria
for Engine 4.

[0176] Example case 5: Engine 5

[0177] Code Read: KWER123457

[0178] Machine Learning Prediction: railcar prefixes:
NONE

[0179] Match Condition: Code Off by One.

[0180] Code Returned QWER123457

[0181] Explanation: There is a code that is one value off of

our prediction. There are no railcar prefixes to attempt to
match with. The code is off by one from QWER123457.
Meeting criteria for Engine 5.

[0182] Example case 6: Engine 5

[0183] Code Read: KWER123457

[0184] Machine Learning Prediction: railcar prefixes:
ABCD, WART

[0185] Match Condition: Code Off by One.

[0186] Code Returned: QWER123457

[0187] Explanation: There is a code that is one value off of

our prediction. There are no matches after attempting prefix
replacement. The code is off by one from QWER123457.
Meeting criteria for Engine 5.

[0188] Example case 7: Engine 5

[0189] Code Read: SWRU234568

[0190] Machine Learning Prediction: railcar prefixes:
NONE

[0191] Match Condition: Code Off by One.

[0192] Code Returned: SWRU234567

[0193] Explanation: There is a code that is one value off of

our prediction. There are no railcar prefixes to attempt to
match with. The code is off by one from SWRU234567.
Meeting criteria for Engine 5.

[0194] Example case 8: Engine 6

[0195] Code Read: TYUI123457

[0196] Machine Learning Prediction: railcar prefixes:
NONE

[0197] Match Condition: Numbers only match.

[0198] Code Returned: TYUI123457
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[0199] Explanation: There is one match that has exactly
the same numeral values. No railcar prefixes to attempt a
match with.

[0200] Sending read code. Meeting criteria for Engine 6.
[0201] Example case 9: Engine 7

[0202] Code Read: CSQU3054383

[0203] Machine Learning Prediction: railcar prefixes:
NONE

[0204] Match Condition: ISO Valid.

[0205] Code Returned: CSQU3054383

[0206] Explanation: The code read is an ISO wvalid code.

Meeting criteria for Engine 7.

[0207] Example case 10: Engine 8

[0208] Code Read: WASD3054383

[0209] Machine Learning Prediction: railcar prefixes:
NONE

[0210] Match Condition: Prefix in inventory.

[0211] Code Returned: WASD3054383

[0212] Explanation: The code matches a prefix in current
inventory.

[0213] Meeting criteria for Engine 8.

[0214] Example case 11: None

[0215] Code Read: WWW3054383

[0216] Machine Learning Prediction: railcar prefixes:
NONE

[0217] Match Condition: NONE

[0218] Code Returned: NONE

[0219] Explanation: The code has not met any weighting

conditions. Meets no engine criteria.
Choke Service

4.1. Service Overview

[0220] The Choke Service takes advantage of cameras set
up at several “choke points” throughout the yard. Choke
cameras are set up at entrances and exits to rows, and are
sometimes also setup at various positions within a given
row. The main idea of choke is to detect assets entering and
leaving a particular section of the yard in order to gain
further awareness of the movements and locations of assets.
Choke cameras capture images of assets as they drive by and
analyze the images to better understand the asset. Overall,
the idea is for choke to understand, as deeply as possible,
each asset that drives by.

4.2. Service Operation

4.2.1. Choke Camera

[0221] Wait for an object to enter the field of view. Capture
a sequence of raw images while the object is in view. The
sequence should start approximately at the time the object
enters the view, and end at approximately the time the object
leaves the view. Encode and save the sequence to filesystem
storage. Send image sequence and relevant object detection
information to the “choke consumer” for further analysis.

4.2.2. Choke Consumer

[0222] Wait for a sequence of images from the choke
consumer. Send the image sequence to the Choke Classifi-
cation Engine (See § 4.3) to detect relevant information
regarding the assets in the image sequence. Stencil recog-
nition with OCR: the sequence of images is sent to the OCR
engine which returns all text strings found in the sequence
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of images as well as the bounding box of the detected text
in image coordinates. (See § 2.5).

[0223] Background Asset Detection: many of the scenes
viewed by the choke cameras contain stationary assets that
should be ignored by choke. These are referred to “back-
ground assets”. Currently, background assets are detected
based on the position of the OCR bounding box. However,
additional methods including machine learning can be used
as well.

[0224] Weighting: Strings return from OCR are sent to
“weighting” the primary purpose of weighting is to match
(potentially incomplete or slightly erroneous) OCR results to
actual “current inventory” assets. (See § 3.5).

[0225] Direction analysis: currently a variety of methods
are used to determine the direction the vehicle is traveling
with respect to the camera. Object detection information
from the camera is used to infer the direction of travel. If
known, the previous location of the asset is also used to infer
direction.

[0226] For the travel direction engine. (See § 2.7). Publish
all information gathered about the asset to our internal
database and send a “Choke-Point” message to the customer
via a restful APL

4.3. Choke Classification Engine

[0227] In this stage, a combination of models are used to
form a more detailed description of the asset. The Asset Type
Recognition Engine in combination with the Color Engine,
Brand Recognition, and the Unique Visual Characteristics
Engine create a detailed qualitative description of the asset.
For example, “Gray FedEx railcar, no rust or damage,
carried by a Black Bobtail”, “Red Trailer with No Logo,
carried by a Yellow Hostler”, “White JBHUNT with a
Rusted Top carried by a Blue Bobtail” etc.

4.4. Weighting

[0228] Engine 1: (See § 3.6.5).
[0229] Engine 2: (See § 3.6.6).
[0230] Engine 5: (See § 3.6.9).

Occupancy Service

[0231] Identifies the occupancy status of each spot in the
intermodal yard. Occupancy R-CNN is robust in adverse
weather and light conditions.

5.2. Service Operation

[0232] PTZ camera programmatically moves from one
preset to another to cover different sections of the yard. PTZ
camera snaps the Image for each preset. It also retrieves
predefined box coordinates for that preset from the database
which are sent to the occupancy module. The occupancy
module is a trained R-CNN on specific images meant for
determining if the spot is occupied. This module detects
every railcar in the image and extracts coordinate positions
of each railcar in a rectangular shape. Predicted boxes along
with retrieved preset boxes are sent to mapping module.
[0233] Mapping module maps the predicted box to the
known box to find the correct spot id of each detected railcar.
Spots with mapped railcar box is labelled as occupied
otherwise unoccupied.
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5.3. Preparing Presets

[0234] Presets are taken in an optimized way to ensure
minimum overlapping of spots exist between two consecu-
tive presets. In case, multiple cameras from different poles
can potentially cover the same region, pole with better
coverage is given preference. Once preset is decided, every
spot within preset was labeled with a spot id and a rectan-
gular box covering the spot. Finally, this is repeated for each
preset in different light and weather conditions to ensure
robustness in varied weather conditions.

5.4. Object Detection Algorithm

[0235] R-CNN machine learning algorithm is trained to
detect the railcars from images. Given an input image, it
detects all the relevant object with their location in the
image. The R-CNN algorithm is trained over thousands of
training images with the goal of detecting railcars in input
image with their locations.

5.5. Mapping Algorithm

[0236] Mapping algorithm consists of two sub-algorithms,
drift-fix and rules to assign spots with occupancy decision
(occupied/unoccupied). The drift-fix algorithm aligns the
predicted boxes against the preset boxes by performing grid
search. Search deemed successful when average Intersection
over Union (IOU) of given image is greater than a pre-
defined threshold value. Once drift is fixed, various rules are
written to determine which spots are occupied. These rules
are primarily based on the distance between predicted and
ground truth box, and their IOUs. Spots that pass through
occupancy logic are either labelled as occupied or unoccu-
pied.

Choke-Occupancy Service

[0237] The choke occupancy service combines the func-
tionality of the choke service and the occupancy service to
monitor areas that the PTZ service cannot.

6.2. Service Operation

6.2.1. Tracking Camera Engine

[0238] The tracking camera engine monitors the region
monitored by Choke Occupancy from a high level view. The
purpose of the Tracking Camera Engine is to monitor
vehicle traffic in the region to provide additional context to
choke occupancy, such as the visual description (e.g., White
JBHUNT carried by a Black Bobtail) as well as behavior and
position information. An example output may be “Black
UPS carried by a Black Bobtail drove straight through the
region and did not park”, “White IBHUNT carried by a Blue
Bobtail pulled over but did not park”, “Yellow Hostler
picked up a Blue Amazon Trailer and left the Region”.
Additionally, GPS data of the vehicle path is provided to
further assist the Choke Occupancy Association Engine. All
of the information from the Tracking Camera Engine supple-
ments the choke and occupancy information to form a more
complete picture of the events that take place in the region.
[0239] Operation: the tracking camera uses a static view to
track and describe vehicles as they move through the region.
Events are reported to the database to help choke occupancy
narrow down potential matches between choke events and
occupancy events. In some cases multiple cameras are
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required to monitor one Region, so the Tracking Camera
Service is also prepared to synthesize data from multiple
adjacent cameras, for example, a tracking data from one
camera can be combined with tracking data from another
camera to form a complete description of the objects path.

6.2.2. Choke Occupancy Association Engine

[0240] Each region is monitored by a choke region occu-
pancy monitor that corresponds to a segment of the yard. A
region monitor periodically associates choke events (passing
assets) to occupancy changes using the following the steps.
First, the database is queried for the choke events and
occupancy changes for the current region. The database is
queried for all tracking camera service events around the
time of the choke and occupancy events. The next step is to
disregard choke results that are younger than a determined
minimum age, which are those that are unlikely to have
already parked based on the time elapsed between the
occupancy change and the choke event, as well as the
distance from the choke camera to the spot.

[0241] The next step is to evaluate the compatibility of
each choke result with each occupancy change using a
combination of features including the color, brand, and
additional characteristics of the railcar determined from
choke and tracking. The time of the occupancy change and
choke result are also considered, as well as the distance from
the choke camera and the occupancy change. Tracking
information is also considered, such as the path taken by the
vehicle and whether or not the vehicle stopped, parked, or
left the region. These considerations are used to create the
best (lowest overall match cost) between the choked assets
and known occupancy changes and reported to the database.
Some choke occupancy regions do not have complete occu-
pancy coverage. The following regions use a separate set of
steps to associate choke events to the region. Query the
database for the choke events for the current region. The
next step is to disregard choke results that are younger than
a determined minimum age. The remaining choke results are
considered parked in the region and are assigned to every
spot in the region.

Automatic Gate Service (AGS)

[0242] Identify characteristics of an incoming asset from
the gate and associate the characteristics to that asset before
adding it into inventory and allowing the asset to pass into
the yard. Static cameras are set up at the entry gate to focus
on areas of interest for incoming assets. Chassis Camera:
lower portion of the asset where chassis codes are normally
found. Truck Camera: front portion of the side of the asset
where the truck is normally found. Railcar Camera: back
portion of the side of the asset where the railcar/trailer is
normally found. Top Camera: top of the asset to inspect the
top of the railcar. Rear Camera: rear of the asset where the
door to the railcar/trailer are normally located. Driver Cam-
era: focused where a truck driver would normally found. As
an asset approaches the entry gate, it is forced to stop in view
of the camera system.

[0243] Image from Chassis camera is classified by the
following engines: Assert Type Recognition (See § 2.3);
Stencil Recognition with OCR (See § 2.1); Image from the
Truck Camera is classified by the following engines; Assert
Type Recognition (See § 2.3); Stencil Recognition with
OCR (See § 2.1).
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[0244] Image from the railcar Camera is classified by the
following engines: Assert Type Recognition (See § 2.3);
Stencil Recognition with OCR (See § 2.1); Color (See §
2.4); Brand Recognition (See § 2.2); and Unique Visual
Characteristics (See § 2.6).

[0245] Image from the Top Camera is classified by the
following engines: Stencil Recognition with OCR (See §
2.1); and

[0246] Unique Visual Characteristics (See § 2.6). Image
from the Rear Camera is classified by the following engines:
Stencil Recognition with OCR (See § 2.1); Brand Recog-
nition (See § 2.2); and Unique Visual Characteristics (See §
2.6).

[0247] Image from the Driver Camera is simply stored in
image data store. These characteristics are associated to the
incoming asset and the asset is added to the current yard
inventory. The AGS system determines where the asset
should be parked and informs the driver of where to park.
The asset is then allowed to pass into the yard in order to
park where instructed.

Security and Safety Service

[0248] The security and safety service identifies instances
of employees and other individuals performing actions that
are deemed harmful to the intermodal operation.

8.2.1. Speeding

[0249] Position the camera so that the field of view
contains a large enough portion of the area of interest.
Determine the two speeding alarm zones. These alarm zones
are positioned at opposite sides of the field of view. Stream
video frames from the camera while determining and track-
ing objects in the scene using object detection and tracking
algorithms. Monitor object detections and alarm zones to
determine speeding violations.

[0250] A speeding violation is determined by the follow-
ing criteria: the object detection has entered both alarm
zones; the difference between the before alarm zone time
and the after alarm zone time for the object detection is
within the specified threshold; and the time threshold is
determined by the position of the camera and the speed limit
in the monitored area.

8.2.2. Stop Bar

[0251] Position the camera so that the stop bar line is
located at the opposite end of where the monitored vehicles
enter the field of view. Determine the before and after stop
bar alarm zones. The before alarm zone is positioned at the
vehicle entrance point in the field of view. The after stop bar
alarm zone is positioned between the stop bar and the end of
the field of view. Stream video frames from the camera
while determining and tracking objects in the scene using
object detection and tracking algorithms. Monitor object
detections and alarm zones to determine stop bar violations.
A stop bar violation is determined by the following criteria:
the object detection has entered both alarm zones; the object
detection entered the before alarm zone prior to the after
alarm zone ensuring correct direction; the difference
between the before alarm zone time and the after alarm zone
time for the object detection is within the specified thresh-
old; and the time threshold is determined by the position of
the camera and the speed at which the detection should pass
between both alarms.
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Database

[0252] The design of the database is crucial for all the
modules due to the fact that it works as a repository for the
configuration, information being generated by the applica-
tions and logs as well. A proper design requires for the
database for the server to get response times less than a
second for any of the request of the multiple modules.
[0253] The following is the schema diagrams for the
different modules in the database: Configuration schema
diagram 1700 in FIGS. 9A-9B; Module’s information
schema diagram 1800 in FIG. 10A-10C; logs diagram 1900
in FIG. 11. It should be appreciated that these schemas may
change over time.

[0254] Infrastructure: in order to achieve the requirements
for the database service, a layout like the following is put in
place for any module: The client 2000 represents the system
in which our application run: (FIG. 12). In this case, this are
multiple virtual environments. The app module 2001 repre-
sents each individual module from where the information is
being produced and consumed. The PgBouncer module
2002 is a proxy that routes the connections of the app
module 2001 to and from the database server 2003. The
proxy manages the multiple connections in a faster and
smarter way adding an extra layer of security due to the fact
that the database is hidden from the app side. The database
represents the virtual environment where the database ser-
vice is running handling the connections being produced by
the proxy PgBouncer module 2002.

[0255] In an inventory management facility such as a
container terminal, yard, or distribution facility, an accurate
inventory is the baseline requirement for building efficien-
cies, increasing productivity and velocity within an inven-
tory management facility. The traditional approach to update
and track inventory movement is to deploy “Yard Checkers”
to drive through the facility and record the location and 1D
of the inventory. This approach increases exposure to the
risk of accidents as the Yard Checker is recording data while
in a moving vehicle. This manual process is slow, costly and
inventory becomes stale minutes after the data is input.
Accurate inventory may be required to develop an effective
load plan, improve the driver experience, and provide mean-
ingful data for a Transport Management System (TMS) and
a Terminal Operating System (TOS).

[0256] Referring now to FIGS. 14-15, another embodi-
ment of the control system 300 is now described. It should
be appreciated that one or more features of the above
described control system 200 for the railway yard 201 may
be incorporated into the control system 300. In this embodi-
ment of the control system 300, those elements already
discussed above with respect to FIG. 13 are incremented by
100.

[0257] This control system 300 is for an inventory man-
agement facility, such as a container terminal 301, with a
plurality of containers 304a-304# therein. The control sys-
tem 300 comprises a server 307 having a processor 314, and
a memory 315 coupled thereto. In some embodiments, the
server 307 comprises a stand-alone computing device or a
cluster thereof located remote to the container terminal 301
or on-site to reduce latency and bandwidth consumption. In
some embodiments, the server 307 may comprise assigned
resources in a cloud computing platform, such as Microsoft
Azure, Amazon Web Services, or Google Cloud Platform,
for example.
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[0258] The control system 300 illustratively comprises a
plurality of terminal tractors 303a-303c¢ operable within the
container terminal 301. As will be appreciated, each of the
plurality of terminal tractors 303a-303¢ may carry one or
more containers within the container terminal 301 or trans-
port them outside the container terminal. Also, each terminal
tractor 303a¢-303¢ may be operated by an onboard driver,
may be remote controlled by the driver, or may be fully/
partially autonomous.

[0259] In the illustrated embodiment, the plurality of
terminal tractors 303a-303¢ numbers three for illustrative
clarity. It should be appreciated that the control system 300
may comprise a single terminal tractor in some applications,
or a larger number in other applications.

[0260] As perhaps best seen in FIG. 15, the terminal
tractor 303a-303¢ comprises a plurality of onboard tractor
sensors 306a-306¢ configured to generate sensor data of at
least some of the plurality of containers 304a-304n, a
geolocation device 311 (e.g., GPS receiver) configured to
generate a geolocation value for the terminal tractor, a
wireless transceiver 312, and a controller 313 coupled to the
plurality of onboard tractor sensors, the geolocation device,
and the wireless transceiver. For example, the wireless
transceiver 312 may comprise a cellular transceiver, or a
WLAN transceiver (e.g., WiFi, WIMAX).

[0261] During operation, the terminal tractor 303a-303¢
traverses the container terminal 301 (i.e., moving, loading,
and unloading containers) and within line of sight of some
or potentially all of the containers 304a-304x (i.e. drives by
and is visually exposed thereto). When the containers 304a-
3047 are scanned, the controller 313 is configured to gen-
erate image sensor data for the containers 304a-3047. along
with associated geolocation data tagged therewith.

[0262] The controller 313 is configured to transmit the
sensor data and the geolocation value (while generating the
sensor data) for the terminal tractor 303a-303¢ to the server
307. The server 307 is in communication with the terminal
tractor 303a-303¢ and is configured to generate a database
310 associated with the sensor data. The database 310 may
comprise, for each container 304a-3047, a container type
value, a container logo image, and a vehicle classification
value.

[0263] In short, the database 310 comprises an inventory
of the plurality of containers 304a-304r in the container
terminal 301. Helpfully, this inventory is updated in real
time based upon the data feed from the plurality of terminal
tractors 303a-303c.

[0264] In some embodiments, the plurality of onboard
tractor sensors 306a4-306¢ may comprise an image sensor
configured to generate container image data. In the illus-
trated example embodiment, the plurality of onboard tractor
sensors 306a-306¢ is directed to rearward, left, and right. In
other embodiments, an additional onboard tractor sensor
may be directed frontward to provide 360° coverage. Of
course, in some embodiments where cost and bandwidth are
limited, the terminal tractor 3034-303¢ may have less
onboard tractor sensors.

[0265] For example, each onboard tractor sensors 306a-
306¢ may comprise a high resolution video sensor (e.g., 4k
video sensor). In an advantageous embodiment, one or more
of the plurality of onboard tractor sensors 306a-306¢ may
comprise a FLEXIDOME IP starlight 80001 (as available
from Robert Bosch LLC). This 2 megapixel performance
line camera offers high performance and high dynamic range

Jun. 12, 2025

with 1080p resolution to provide crisp and highly detailed
images even in extreme low-light situations. The capture
frequency may comprise 60 frames per second, for example,
which provides for optimum performance in fast action
scenes that makes sure no critical data is lost and video is
captured with excellent detail. In another exemplary appli-
cation, one or more of the plurality of onboard tractor
sensors 306a-306c may comprise a FLEXIDOME IP pan-
oramic 7000 megapixel (as available from Robert Bosch
LLC), which is a discreet, aesthetic, low-profile camera for
indoor/outdoor use. The 12 megapixel sensor operating at 30
frames per second provides full panoramic surveillance with
complete area coverage, fine details and high speeds. The
camera offers full situational awareness and simultaneous
PTZ views in high resolution.

[0266] In some embodiments, the plurality of onboard
tractor sensors 306a-306¢ may comprise a proximity sensor
configured to detect a presence of plurality of containers
3044-304r. The proximity sensor may comprise a range
finder sensor providing a linear distance to the detected
object. The controller 313 is configured to bundle this range
data along with the container image data and the geolocation
data. The server 307 may use this data to extrapolate an
estimated geolocation for each detected container.

[0267] Also, the plurality of onboard tractor sensors 306a-
306c may comprise a plurality of image sensors configured
to generate a plurality of container image data streams. The
server 307 may be configured to merge the plurality of
container image data streams.

[0268] The container image data may comprise container
video data, and the server 307 may be configured to weight
detected objects in the container terminal 301 based upon a
number of frames including the detected objects. The server
307 may be configured to identify each container 304a-3047
based upon the container image data. The server 307 may be
configured to perform OCR on the container image data. The
server 307 may be configured to perform machine learning
on the container image data. The server 307 may be con-
figured to execute a first machine learning model comprising
a neural network trained to predict a location of text
sequences in the container image data. The server 307 may
be configured to execute a second machine learning model
comprising a neural network for scanning the text sequences
and predicting a sequence of missing characters. In some
embodiments, the server 307 may use DeepStream technol-
ogy or other technology to provide the maximum speed of
processing high frame rate images.

[0269] In the illustrated embodiment, the control system
300 comprises a plurality of mobile wireless communica-
tions devices 341a-341z (e.g., cell phones, tablet computing
devices) in communication with the server 307 via a net-
work 342 (e.g., the Internet or a local secure network). The
server 307 is configured to provide the plurality of mobile
wireless communications devices 341a-341» with access to
the inventory stored within the database 310.

[0270] In some embodiments, the control system 300
comprises additional sensors on fixed locations. In some
applications, the additional sensors may be deployed at
exit/entry points for the container terminal 301. Also, the
additional sensors may be deployed on Rubber Tired Gantry
Cranes (RTG) to capture containers being loaded into and
out of the container terminal 301, for example, from docked
container ships.
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[0271] Yet another aspect is directed to a method of
operating a server 307 in a control system 300 for a
container terminal 301 with a plurality of containers 304a-
3047 therein. The control system 300 comprises a terminal
tractor 303a-303¢ operable within the container terminal
301 and comprising a plurality of onboard tractor sensors
306a-306¢ configured to generate sensor data of at least
some of the plurality of containers 304a-304%, a geolocation
device 311 configured to generate a geolocation value for the
terminal tractor 303a-303c¢, a wireless transceiver 312, and
a controller 313 coupled to the plurality of onboard tractor
sensors, the geolocation device, and the wireless transceiver.
The method comprises operating the server 307 in commu-
nication with the terminal tractor 303a-303c¢ to receive the
sensor data and the geolocation value for the terminal tractor
from the terminal tractor, and generate a database 310
associated with the sensor data, the database comprising, for
each container 304aq, a container type value, a container logo
image, and a vehicle classification value.

[0272] Advantageously, the control system 300 may pro-
vide a more accurate approach to inventory at the container
terminal 301. The control system 300 may discover, identify,
classify and locate inventory located in the container termi-
nal 301, such as a rail yard or distribution center. Moreover,
the control system 300 may be combined with the control
system 200 for the railway yard to provide the platform to
move automation to the RCLs 2034-2035. Operational
information, such as asset class, container or trailer, supplier
and supplier 1D, seal status, road ability metrics and/or other
factors, are a few of the data points the control system 300
will analyze and update to the database 310.

[0273] In the control system 300, by moving the yard
check function to the terminal tractor 303a-303¢, inventory
updates are continuous and inherently safer. Manual inven-
tory checks may require that employees walk or drive and
stop within production environments. While training and
protocols may dictate, workers drive the yard and stop to
record details. Many ignore safety violations-distracted driv-
ing, rolling rather than stopping, and driving and typing.
Further, personnel may be impatient due to facility conges-
tion and lengthy waits at the gates. Their driving patterns can
be more aggressive and endanger distracted employees. The
control system 300 may alleviate this issue by removing
manual inventory checks on entry. In combination with the
control system 200, fully automated management of the
plurality of containers 304a-304# is possible.

[0274] With the control system 300, inventory is updated
by each terminal tractor 303a-303¢ as it executes work
orders. Work order verification is done in the spot not at
trackside or at the warehouse door. Inventory is sent via the
control system 300 to the clients TOS or TMS. Units that are
not officially integrated or ramped are discovered naturally.
Lot/Row/Spot designations are supplemented with geoloca-
tion, which also eliminates blind spots and inaccurate inven-
tory in locations designated for overflow parking. In short,
the server 307 builds a map of the container terminal 301
supplemented with geolocation data.

[0275] The control system 300 may help users make
smarter, faster decisions that can boost the entire operation’s
efficiency and profitability. In typical approaches, operations
teams are often buried in operational details and processes.
The control system 300 removes the uncertainty obscured by
the lack of visibility, allowing operations teams to view their
facility zoomed in or out. Predictive analytics, real-time
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data, internet-connected machinery, and automation may
help companies become proactive to focus on growth strat-
egies.

[0276] Furthermore, the control system 300 may be read-
ily retrofitted onto existing systems with minor modifica-
tions to the terminal tractors 303a-303¢. The control system
300 also can operate without [/R/S designations (i.e. park-
ing lot striping).

[0277] Referring now additionally to FIGS. 16-17, another
embodiment of the control system 400 is now described. In
this embodiment of the control system 400, those elements
already discussed above with respect to FIGS. 14-15 are
incremented by 100 and most require no further discussion
herein. This embodiment differs from the previous embodi-
ment in that this control system 400 illustratively includes a
server 407 provided within a cloud platform. The server 407
illustratively comprises messaging modules 443a-443¢ for
controlling notification messages to the plurality of mobile
wireless communications devices 441a-441n.

[0278] The server 407 illustratively comprises a Rela-
tional Database Service (RDS) Postgres module to manage
complex and time-consuming administrative tasks, such as
PostgreSQL. software installation and upgrades; storage
management; replication for high availability and read
throughput; and backups for disaster recovery. The server
407 comprises an Amazon Location Services module as a
location-based service that developers can use to add geo-
spatial data and location functionality to applications. Cus-
tomers can visualize data on a map, recommend routes, use
geocoding to convert plain text addresses into geographic
coordinates, use reverse geocoding to convert latitude and
longitude coordinates into addresses, and monitor and track
assets such as fleets of vehicles.

[0279] The server 407 illustratively comprises a Cognito
module to provide an identity store that scales to millions of
users, supports social and enterprise identity federation, and
offers advanced security features to protect your consumers
and business. Built on open identity standards, the Cognito
module supports various compliance regulations and inte-
grates with frontend and backend development resources.
[0280] The server 407 illustratively comprises a Restful
API module as an interface that two computer systems use
to exchange information securely over the Internet. Most
business applications have to communicate with other inter-
nal and third-party applications to perform various tasks.
The RESTful APl module supports this information
exchange because they follow secure, reliable, and efficient
software communication standards.

[0281] The server 407 illustratively comprises a Rab-
bitMQ module, which is an open source message broker
software (sometimes called message-oriented middleware)
that implements the Advanced Message Queuing Protocol
(AMQP). The RabbitMQ module is written in the Erlang
programming language and is built on the Open Telecom
Platform framework for clustering and failover. Client
libraries to interface with the broker are available for all
major programming languages.

[0282] The server 407 illustratively comprises a GraphQL
module designed to make APIs fast, flexible, and developer-
friendly. It can even be deployed within an integrated
development environment (IDE) known as GraphiQL. As an
alternative to REST, the GraphQL module lets developers
construct requests that pull data from multiple data sources
in a single API call.
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[0283] The server 407 illustratively comprises a Redis
module used with streaming solutions, such as Apache
Kafka and Amazon Kinesis as an in-memory data store to
ingest, process, and analyze real-time data with sub-milli-
second latency. The Redis module may be an ideal choice for
real-time analytics use cases such as social media analytics,
ad targeting, personalization, and IoT.

[0284] Referring now additionally to FIG. 18, a method
for operating the control system 300 is now described with
reference to a flowchart 2100. The method illustratively
includes ingesting respective Real-Time Streaming Protocol
(RTSP) streams from the plurality of onboard tractor sensors
306a-306¢ and the geolocation device 311. On a frame-by-
frame basis, the server 307 includes a multiplexer module
2101 to join raw image data from each sensor along with the
geolocation data, and a primary detector module 2102 using
R-CNN to detect and localize text container locations.

[0285] The server 307 illustratively includes a secondary
detector module 2103 using an R-CNN to detect and localize
text within the container bounds, and a tertiary detector
module 2104 to identify text within the previously acquired
text regions. The server 307 illustratively comprises a stream
tiler module 2105 to tile multiple RTSP streams into a single
RTSP stream, and an output module 2106 to output the
single RTSP stream. The server 307 also includes a probe
module 2107 to receive an output from the tertiary detector
module 2104, a data aggregation module 2108 to store
metadata from all frames in the event, and a data weighting
module 2109 to count, for each detected string, how many
frames contained the detected string. The server 307 com-
prises a code and matching module 2110 to match heavily
weighted codes and their corresponding frames to the geo-
location associated therewith.

[0286] Referring now additionally to FIG. 19, the method
for operating the control system 300 is now described with
reference to a flowchart 2200. Broadly, this flowchart 2200
provides an overview of the data processing of the container
image data. The method includes an inventory consumer
step 2201 to consume and parse the incoming inventory
messages from the terminal tractors 303a-303¢, and a data
filtering step 2202 to remove and duplicate container num-
bers or others that may have a high error rate. The method
also includes a weighting step 2203 to compare each con-
tainer code against a database of known inventory and
assign a numerical weight thereto, and a weight filtering step
2204 to filter based upon the assigned weight. The method
also includes a duplicate removal step 2205 to remove
container codes previously reported in or near the reported
geolocation, and a client message consumer step 2206 to
consume remaining codes and create client messages and
send them to the plurality of mobile wireless communica-
tions devices 341a-341n.

[0287] Referring now additionally to FIGS. 20A-20B, the
method for operating the control system 300 is now
described with reference to a flowchart 2300, 2350. Broadly,
these flowcharts 2300, 2350 provide an overview of geolo-
cation data processing for the terminal tractors 303a-303c.
Here, the main purpose is to assign a detected label coor-
dinates to a closest spot’s coordinate. Based on a few
previous geolocation points of terminal tractors 303a-303¢
position, the system can calculate the vehicle’s course
relatively to the North. Each detected label contains a
coordinate and a direction (e.g., latitude, longitude, angle).
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[0288] Although the control system 300 is illustrated in
the application of the container terminal 301, this control
system 300 may be applied in other container applications,
such as the railway yard 201. Also, the control system 300
may be deployed in container warehouses and other distri-
bution points downstream. Indeed, the control system 300
can be deployed in any application where fast and accurate
inventory and location of containers is needed.

[0289] As explained, the present invention recognizes that
in container terminals, an accurate inventory, including the
location and ID of the inventory, is an important requirement
for building efficiencies, increasing productivity and veloc-
ity within a Yard or Distribution facility. The traditional
approach to update and track inventory movement is to
deploy “Yard Checkers” to drive through the facility and
record the location and ID of the inventory. This approach
increases exposure to the risk of accidents as the Yard
Checker is recording data while in a moving vehicle. This
manual process is slow, costly and inventory becomes stale
minutes after the data is input. Accurate inventory may be
required to develop an effective load plan, improve the
driver experience, and provide meaningful data for a Trans-
port Management System (ITMS) and a Terminal Operating
System (TOS). The present invention recognizes that, the
problems with conventional approaches of updating and
tracking inventory become exacerbated when the inventory
includes containers, and more particularly, one or more
stacks of containers.

[0290] Referring now to FIGS. 21 and 22, another
embodiment of the control system 3000 is now described. It
should be appreciated that one or more features of the above
described control system 200 for the railway yard 201 or
container terminal 301 may be incorporated into the control
system 3000. In this embodiment of the control system
3000, those elements already discussed above with respect
to FIGS. 13-15 are incremented by 1000.

[0291] This control system 3000 is for an inventory man-
agement facility, such as a container terminal 3301, with a
plurality of containers 3304a-33047 therein. The control
system 3000 comprises a server 3307 having a processor
3314, and a memory 3315 coupled thereto. In some embodi-
ments, the server 3307 comprises a stand-alone computing
device or a cluster thereof located remote to the container
terminal 3301 or on-site to reduce latency and bandwidth
consumption. In some embodiments, the server 3307 may
comprise assigned resources in a cloud computing platform,
such as Microsoft Azure, Amazon Web Services, or Google
Cloud Platform, for example.

[0292] The control system 3000 illustratively comprises
one or more container handlers 3303a-3303¢ operable
within the container terminal 3301. For purposes of this
disclosure, the term “container handler” means terminal or
yard equipment commonly known as container handlers,
including all wheeled yard equipment, vehicles, machines,
wheel loaders, side loaders, reach loaders, reach stackers,
and/or Rubber Tired Gantry Cranes (RTG) that are designed
and used for the primary purpose of moving containers (i.e.,
non-wheeled shipping containers) or freight between points
within a terminal or yard (including, but not limited to,
intermodal yards, distribution center yards, ports, etc.) of a
single facility or between the terminals or yards of more than
one facility. The present invention is not limited to any
particular type of container handler 33034-33037. In some
examples, one or more container handlers 33034¢-3303% can
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include, for example, an empty container handler and/or a
loaded container handler. Each container handler 3303a-
3303% may be operated by an onboard driver, may be remote
controlled by the driver, or may be fully/partially autono-
mous. It should be appreciated that the control system 3000
may comprise a single container handler in some applica-
tions, or a plurality of container handlers in other applica-
tions.

[0293] As will be appreciated, each of the container han-
dlers 33034-3303% can be configured to securely engage and
move, place, stack, and/or unstack containers within the
container terminal 3301. Each container handler 3303a-
33037 can be configured to carry at least one container
3304a-3304% to move the container 33044-3304, within the
container terminal 3301 and to raise or lower (i.e., change an
elevation of) the container 33044-3304n to position the
container 3304a-3304» within the container terminal 3301.
The container handlers 3303a-3303# can be configured to
lift the container from a position on another vehicle, from a
position on the ground, or from a position on top of another
container in a stack. The container handlers 3303a-3303x»
can be configured to transport the container from one
location to another in the container terminal 3301. The
container handlers 33034-3303#% can be configured to lift the
container to set the container on another vehicle, on the
ground, or on top of another container in a stack. The
container handlers 33034-3303% can be capable of lifting
empty or loaded containers on a stack ranging from one
container in height to, for example, five, six, or seven
containers in height, or other heights, for example, depend-
ing on the size, weight, type of container.

[0294] As shown in the example illustrated in FIG. 22, the
container handler 3303a-3303% can include one or more
onboard sensors 3306a-3306¢ configured to generate sensor
data of at least some of the plurality of containers 3304a-
33047 in the container terminal 3301. For example, the
plurality of onboard sensors 3306a-3306¢ may comprise one
or more image sensors configured to generate container
image data, as will be described in more detail below.

[0295] The container handler 3303a¢-3303% can include a
geolocation device 3311 (e.g., GPS receiver), including one
or more GPS receivers, configured to generate a geolocation
value for the container handler 33034-3303#, and in an
example, for a geolocation value for a part of the container
handler 3303a-3303# adjacent to the container 33044-3304n
when the container handler 33034-3303# is in close prox-
imity to the container 3304a-3304%, engaged with the con-
tainer 33044-3304n, in the process of being engaged with, or
releasing from engagement with, the container 3304a-
33047, and/or transporting the container 3304a-3304%. The
geolocation device 3311 can be configured to generate a
geolocation value for the container handler 33034-3303x
and/or an associated container 3304. The geolocation device
3311 (e.g., GPS receiver) can include, for example, a first
GPS receiver on the cab 5002 and a second GPS receiver on
an arm 5004. In another example, the geolocation device
3311 (e.g., GPS receiver) can include, for example, a first
GPS receiver on the cab 5002, a second GPS receiver on one
side of the arm 5004, and a third GPS receiver on the other
side of the arm 5004, in order to triangulate an orientation
and/or direction of travel/approach of the container handler
3303, to thereby determine an orientation of a container
3304 at the time such container 3304 is picked-up or
dropped-off by the container handler 3303. In an example,
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the geolocation device 3311 can be configured to generate a
latitude value (x), and longitude value (y), and an altitude
value (2) for the container handler 33034-3303% and/or an
associated container 3304. In this way, the geolocation
device 3311 can not only be configured to generate a
geolocation value for the container handler 3303a-33037
and/or an associated container 3304 within the container
terminal 3301, but also to generate a geolocation value for
the container handler 33034-3303~ and/or an associated
container 3304 in a stack of other containers 3304 in the
container terminal 3301 (e.g., a stack height of the particular
container 3304 in a stack of other containers).

[0296] The container handler 33032-3303% can include a
wireless transceiver 3312, and a controller 3313 coupled to
the plurality of onboard sensors, the geolocation device, and
the wireless transceiver. For example, the wireless trans-
ceiver 3312 may comprise a cellular transceiver, ora WLAN
transceiver (e.g., WiFi, WiMAX). The controller 3313 can
be coupled to the plurality of onboard sensors and/or the
geolocation device, for example, by an Ethernet radio line or
the like, or a wireless connection, for example, utilizing a
wireless network, which can be, for example, on-board or
local to the container handler 33034-33037.

[0297] During operation, the container handler 3303a-
33037 can move within areas of the container terminal 3301
(i.e., moving, placing, stacking, and/or unstacking contain-
ers) and within line of sight of some or potentially all of the
containers 3304a-3304n (i.e., drives by and is visually
exposed thereto). When the containers 3304a-3304n are
scanned by the onboard sensors 33064-3306¢, such as a high
resolution video sensor, camera, etc., the controller 3313 is
configured to generate image sensor data for the containers
33044-3304% along with associated geolocation data tagged
therewith. In an example, the controller 3313 is configured
to generate (e.g., automatically generate) geolocation data
corresponding to a location of the container handler 3303a-
3303% and/or a particular container 3304a-3304% at one or
more predetermined times and/or events (e.g., one or more
trigger events), such as at a time when the container handler
33034-3303% is adjacent to or in close proximity to the
container 3304a-3304» such as when the container handler
3303a-3303x is approaching, or withdrawing from the con-
tainer 3304a-3304n, when the container handler 3303a-
3303# is engaged with the container 33044-3304# such as
when the relevant mechanisms of the container handler are
locked onto the container 3304a-33047, when the container
handler 3303a-3303% is in the process of engaging with, or
releasing from engagement with, the container 33044-3304x»
such as when the relevant mechanisms of the container
handler are being actuated between a locked and unlocked
state with respect to the container 33044-3304n, and/or
when the container handler 3303a-3303# is transporting the
container 3304a-3304x.

[0298] The controller 3313 is configured to transmit (e.g.,
automatically transmit) the sensor data and the geolocation
value (while generating the sensor data) to the server 3307
(e.g., at a predetermined time, such as at a time of a trigger
event, within a predetermined period of time of a trigger
event, etc.). The server 3307 is in communication with the
container handler 33034¢-3303% and is configured to generate
a database 3310 associated with the sensor data.

[0299] The database 3310 may comprise, for each con-
tainer 3304a-33047, container image data (e.g., a container
marking image, such as a container code/stencil image) and
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associated geolocation data. In some examples, the database
3310 also may comprise, for each container 3304a-3304x,
one or more of a container identification image, type value,
a container logo image, and a vehicle classification value.
[0300] In short, the database 3310 comprises an inventory
and location of the plurality of containers 3304a-33047 in
the container terminal 3301. Preferably, this inventory is
updated in real time based upon the data feed from the
plurality of container handler 3303a-33037.

[0301] As set forth above, in some embodiments, the
plurality of onboard sensors 3306a-3306¢ may comprise an
image sensor configured to generate container image data. In
the illustrated example embodiment, the plurality of onboard
sensors 3306a-3306¢ is directed frontward from the con-
tainer handler. For example, one or more of the onboard
sensors 3306a-3306c may comprise a high resolution video
sensor (e.g., 4 k video sensor). In an advantageous embodi-
ment, one or more of the plurality of onboard sensors
3306a-3306c may comprise a FLEXIDOME IP starlight
80001 (as available from Robert Bosch LLC). This 2 mega-
pixel, 4 megapixel, 6 megapixel performance line of cam-
eras offers high performance and high dynamic range with
1080p or 4K UHD resolution to provide crisp and highly
detailed images even in extreme low-light situations. The
capture frequency may comprise 60 frames per second, for
example, which provides for optimum performance in fast
action scenes that makes sure no critical data is lost and
video is captured with excellent detail. In another exemplary
application, one or more of the plurality of onboard sensors
3306a-3306¢ may comprise a FLEXIDOME IP panoramic
7000 megapixel (as available from Robert Bosch LLC),
which is a discreet, aesthetic, low-profile camera for indoor/
outdoor use. The 12 megapixel sensor operating at 30 frames
per second provides full panoramic surveillance with com-
plete area coverage, fine details and high speeds. The camera
offers full situational awareness and simultaneous PTZ
views in high resolution.

[0302] In some embodiments, the plurality of onboard
sensors 3306a-3306c may comprise a proximity sensor
configured to detect a presence of one or more containers
3304a-3304n. The proximity sensor may comprise, for
example, a range finder sensor, lidar sensor, time of flight
sensor, etc. providing a linear distance to the detected object.
In some examples, the controller 3313 can be configured to
bundle this range data along with the container image data
and the geolocation data. The server 3307 may use this data
to extrapolate an estimated geolocation for each detected
container. In other examples, the system can be configured
to detect a presence of one or more containers 3304a-3304x,
and/or a linear distance to the detected object, etc. by
analyzing the image data using one or more algorithms or
machine learning models, such as using one or more neural
networks.

[0303] Also, the plurality of onboard sensors 3306a-3306¢
may comprise a plurality of image sensors configured to
generate a plurality of container image data streams. The
server 3307 may be configured to merge the plurality of
container image data streams.

[0304] The container image data may comprise container
video data, and the server 3307 may be configured to weight
detected objects in the container terminal 3301 based upon
a number of frames including the detected objects. The
server 3307 may be configured to identify each container
3304a-3304n based upon the container image data, for
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example, including container markings such as a container
code/stencil. The server 3307 may be configured to perform
OCR on the container image data. The server 3307 may be
configured to perform machine learning on the container
image data. The server 3307 may be configured to execute
a first machine learning model comprising a neural network
trained to predict a location of text sequences in the con-
tainer image data. The server 3307 may be configured to
execute a second machine learning model comprising a
neural network for scanning the text sequences and predict-
ing a sequence of missing characters. In some embodiments,
the server 3307 may use DeepStream technology or other
technology to provide the maximum speed of processing
high frame rate images.

[0305] In the illustrated embodiment, the control system
3000 comprises a plurality of mobile wireless communica-
tions devices 341a-341z (e.g., cell phones, tablet computing
devices, etc.) in communication with the server 3307 via a
network 342 (e.g., the Internet, a local secure network, 5G
network). The server 3307 is configured to provide the
plurality of mobile wireless communications devices 341a-
3417 with access to the inventory stored within the database
3310.

[0306] Yet another aspect is directed to a method of
operating a server 3307 in a control system 3000 for an
inventory management facility such as a container terminal
3301 with a plurality of containers 3304a-3304# therein.
The control system 3000 comprises a container handler
3303a-3303% operable within the container terminal 3301
and comprising a plurality of onboard sensors 3306a-3306¢
configured to generate sensor data of at least some of the
plurality of containers 3304a-3304n, a geolocation device
3311 configured to generate (e.g., automatically generate)
geolocation data corresponding to a location of the container
handler 3303a-3303% and/or a particular container 3304a-
3304% at one or more predetermined times and/or events
(e.g., one or more trigger events), such as at a time when the
container handler 33034¢-3303% is adjacent to or in close
proximity to the container 3304a-3304» such as when the
container handler 33034-3303% is approaching, or with-
drawing from the container 3304a-3304», when the con-
tainer handler 33034-3303# is engaged with the container
3304a-3304% such as when the relevant mechanisms of the
container handler are locked onto the container 3304a-
33045, when the container handler 33034-3303% is in the
process of engaging with, or releasing from engagement
with, the container 3304a-3304# such as when the relevant
mechanisms of the container handler are being actuated
between a locked and unlocked state with respect to the
container 3304a-33047, and/or when the container handler
33034-3303% is transporting the container 3304a-3304xn.
The control system 3000 comprises a wireless transceiver
3312 and a controller 3313 coupled to the plurality of
onboard sensors, the geolocation device, and the wireless
transceiver. The method comprises operating the server
3307 in communication with the container handler 3303a-
3303# to receive the sensor data and the geolocation value
and generate a database 3310 associated with the sensor
data, the database comprising, for each container 3304a-
3304n, container image data (e.g., a container marking
image, such as a container code/stencil image) and associ-
ated geolocation data. In some examples, the database 3310
also may comprise, for each container 3304a-3304#%, one or
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more of a container identification image, type value, a
container logo image, and a vehicle classification value.
[0307] Advantageously, the control system 3000 may pro-
vide a more accurate approach to inventory and location of
containers 3304a-3304% at the container terminal 3301. The
control system 3000 may discover, identify, and locate
inventory located in the container terminal 3301, such as a
rail yard or distribution center.

[0308] With the control system 3000, inventory is updated
(e.g., automatically updated) by each container handler
3303a-3303x as it executes work orders.

[0309] In some examples, inventory is sent via the control
system 3000 to the clients TOS or TMS. Units that are not
officially integrated or ramped are discovered naturally. In
some examples, Lot/Row/Spot designations are supple-
mented with geolocation, which also eliminates blind spots
and inaccurate inventory in locations designated for over-
flow parking. In short, the server 3307 builds a map of the
container terminal 3301 supplemented with geolocation
data.

[0310] The control system 3000 may help users make
smarter, faster decisions that can boost the entire operation’s
efficiency and profitability. In typical approaches, operations
teams are often buried in operational details and processes.
The control system 3000 removes the uncertainty obscured
by the lack of visibility, allowing operations teams to view
their facility, for example, zoomed in or out. Predictive
analytics, real-time data, internet-connected machinery, and
automation may help companies become proactive to focus
on growth strategies.

[0311] Furthermore, the control system 3000 may be read-
ily retrofitted onto existing systems with minor modifica-
tions to the container handler 3303a-3303x.

[0312] Referring now additionally to FIGS. 23-32, an
example of a container handler 3303 will now be described.
In the example, the container handlers 3303 is a side loader.
However, in other examples, the container handler be
another wheeled yard equipment, vehicle, machine, wheel
loader, reach loader, reach stacker, and/or Rubber Tired
Gantry Crane (RTG) designed and used for the primary
purpose of moving containers (i.e., non-wheeled shipping
containers) or freight between points within a terminal or
yard. The container handler 3303 can include, for example,
an empty container handler or a loaded container handler.
The container handler 3303 may be operated by an onboard
driver, may be remote controlled by the driver, or may be
fully/partially autonomous.

[0313] As will be appreciated, the container handler 3303
can be configured to securely engage and move, place, stack,
and/or unstack containers 3304a-3304» within the container
terminal 3301. The container handler 3303 can be config-
ured to carry at least one container 3304a-33047 to move the
container 33044-33047. within the container terminal 3301
and to raise or lower (i.e., change an elevation of) the
container 3304a-3304» to position the container 3304a-
33047 within the container terminal 3301. The container
handler 3303 can be configured to lift the container from a
position on another vehicle, from a position on the ground,
or from a position on top of another container in a stack. The
container handler 3303 can be configured to transport the
container from one location to another in the container
terminal 3301. The container handler 3303 can be config-
ured to lift the container to set the container on another
vehicle, on the ground, or on top of another container in a
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stack. The container handler 3303 can be capable of lifting
empty or loaded containers on a stack ranging from one
container in height to, for example, five, six, or seven
containers in height, or other heights, for example, depend-
ing on the size, weight, type of container.

[0314] As shown in the example illustrated in FIG. 23, the
exemplary container handler 3303 can include a chassis
5001, a cab 5002, a telescopic mast 5003, arms 5004, and
container handling attachments 5005. For example, the
container handler can include a 45' telescopic mast for
stacking 5-high 9'6" empty containers or 6-high 8'6" empty
containers, 51' telescopic mast for stacking 6-high 9'6"
loaded containers, 54' telescopic mast for stacking 6-high
9'6" empty containers or 7-high 8'6" empty containers, or the
like. The container handler can include a side pick 20-40
ISO container handler side post attachment, guide arms, side
shift, mechanical pile slope, and/or twist lock safety inter-
lock systems.

[0315] As shown in the example illustrated in FIG. 23, the
exemplary container handler 3303 can include a module
5006, for example, on the roof of the cab 5002 of the
container handler 3303. The module 5006 can include the
controller 3313, wireless transceiver 3312, and geolocation
device 3311 (e.g., GPS receiver) described with reference to
FIGS. 21 and 22.

[0316] The exemplary container handler 3303 can include
one or more onboard sensors configured to generate sensor
data of at least some of the plurality of containers 3304a-
3304# in the container terminal 3301, such as one or more
image sensors 5007a, 50075 configured to generate con-
tainer image data. The controller 3313 can be coupled to the
image sensors 50074, 50075 and the geolocation device, for
example, by an Ethernet radio line 5008 or the like, or a
wireless connection, for example, utilizing a wireless net-
work, which can be, for example, on-board or local to the
container handler 3303.

[0317] As set forth above, in some embodiments, the one
or more image sensors 5007a, 50076 may comprise an
image sensor configured to generate container image data. In
the illustrated example embodiment, the plurality of onboard
sensors 3306a-3306¢ is directed frontward from the con-
tainer handler. For example, the one or more image sensors
5007a, 50075 may comprise a high resolution video sensor
(e.g., 4 k video sensor). In an advantageous embodiment,
one or more of the image sensors 5007a, 50075 may
comprise a FLEXIDOME IP starlight 80001 (as available
from Robert Bosch LLC). This 2 megapixel, 4 megapixel, 6
megapixel performance line of cameras offers high perfor-
mance and high dynamic range with 1080p or 4K UHD
resolution to provide crisp and highly detailed images even
in extreme low-light situations. The capture frequency may
comprise 60 frames per second, for example, which provides
for optimum performance in fast action scenes that makes
sure no critical data is lost and video is captured with
excellent detail. In another exemplary application, one or
more of the plurality of onboard sensors 33064-3306¢ may
comprise a FLEXIDOME IP panoramic 7000 megapixel (as
available from Robert Bosch LLC), which is a discreet,
aesthetic, low-profile camera for indoor/outdoor use. The 12
megapixel sensor operating at 30 frames per second pro-
vides full panoramic surveillance with complete area cov-
erage, fine details and high speeds. The camera offers full
situational awareness and simultaneous PTZ views in high
resolution.
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[0318] The one or more image sensors 5007a, 50075 can
include at least one camera configured with a horizontal,
vertical, or angled field of view for capturing markings on a
surface of a container 3304. In some examples, the one or
more image sensors 5007a, 50075 can include more than
one camera, such as two cameras or more.

[0319] In FIG. 23, the image sensors 5007a, 50076 are
schematically illustrated on an arm 5004 of the container
handler 3303. The image sensors 5007a, 50075 can be
arranged on the arm 5004 in other locations, such as on a
forward facing area of the arm 5004, on top of or above the
arm 5004, under or below the arm 5004, on a part of the mast
5003, on a part of a guide arm 5005, on another component
of the container handler 3303, or adapted to or couple to a
part of the container handler 3303 by another component,
such as a mount.

[0320] A position of the one or more image sensors 5007a,
50075 on a part of the container handler 3303 can be
selected and/or optimized such that a field of view of the
image sensor 50074, 50075 captures the container markings
5009, and more particularly, such that only a single set of
container markings 5009 are captured within the field of
view, when the container handler 3303 is adjacent to or in
close proximity to the container 3304a-33047» such as when
the container handler 3303 is in the process of engaging
with, or releasing from engagement with, the container
3304a-3304x, such as when the relevant mechanisms of the
container handler are being actuated between a locked and
unlocked state with respect to the container 3304a-3304x,
and/or when the container handler 3303 is engaged (e.g.,
locked) with the container 3304a-3304» such as when the
relevant mechanisms of the container handler 3303 are
locked onto the container 3304a-33047.

[0321] A field of view of the one or more image sensors
5007a, 50075 can be configured, pointed, focused, and/or
optimized such that only a single set of container markings
5009 are visible when the container handler 3303 is adjacent
to or in close proximity to the container 33044-3304% such
as when the container handler 3303 when the container
handler 3303 is in the process of engaging with, or releasing
from engagement with, the container 3304a-33047, such as
when the relevant mechanisms of the container handler 3303
are being actuated between a locked and unlocked state with
respect to the container 33044-3304n, and/or when the
container handler 3303 is engaged (e.g., locked) with the
container 3304a-3304» such as when the relevant mecha-
nisms of the container handler 3303 are locked onto the
container 33044-3304x.

[0322] In an example, the one or more image sensors
5007a, 500756 can include a first camera with a field of view
configured for capturing markings 5009 on a surface of the
containers 3304, such as one or more of container codes/
stencils, logos, marks, numbers, letters, etc., and/or combi-
nations thereof, oriented in a vertical direction, and a second
camera with a field of view configured for capturing such
markings oriented in a horizontal direction.

[0323] In other examples, the one or more image sensors
5007a, 50075 can include two or more cameras similarly
configured with a field of view (e.g., vertically, horizontally,
at an angle, etc.) for capturing markings 5009 oriented in a
horizontal or vertical direction, such as by combining the
fields of view of more than one camera. In other examples,
the one or more image sensors 5007a, 50075 can include a
camera having a 360° lens.
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[0324] In an example, a predetermined distance between
the one or more image sensors 5007a, 50075 and a surface
of the container 3304 having the container markings 5009
can be twenty-four inches (24") or less, and more particu-
larly, approximately fourteen inches (14"), as well as other
suitable distances. In this case, a field of view of the one or
more image sensors 5007a, 50075 can be configured such
that only a single set of container markings 5009 are visible
at the predetermined distance. The container handler 3303
can include one or more components configured to assist
with aligning the one or more image sensors 5007a, 50075
or other components of the container handler 3303 with a
container 3304.

[0325] The one or more image sensors 5007a, 50075 can
be coupled to a part of the container handler 3303 in a fixed
position. In other examples, the one or more image sensors
5007a, 50075 can be coupled to a part of the container
handler 3303 with a movable configuration or arrangement,
such that the field of view, angle, zoom, etc. of the one or
more image sensors 5007a, 50075 is movable or adjustable
by remote manual operation or autonomous control by the
control system 3000.

[0326] The present invention recognizes that the one or
more image sensors 5007a, 50075 may be subjected to
various forces during operation of the container handler
3303, such as impact forces, vibration, etc. In some
examples, the one or more image sensors 5007a, 500756 can
be mounted on the container vehicle 3303 using isolation
mounts, such as vibration-isolating mounts, vibration-damp-
ing mounts, harmonic mounts, etc.

[0327] The image sensors 5007a, 50075 are not limited to
any type of camera and can include off-the-shelf or conven-
tional cameras.

[0328] In this example, the geolocation device 3311 can
include, for example, a first GPS receiver 51114 on the cab
5002 and a second GPS receiver 51115 on an arm 5004. In
another example, the geolocation device 3311 can include,
for example, a first GPS receiver 51114 on the cab 5002, a
second GPS receiver 51115 on one side of the arm 5004, and
a third GPS receiver 5111 ¢ on the other side of the arm 5004,
in order to triangulate an orientation and/or direction of
travel/approach of the container handler 3303, to thereby
determine an orientation of a container 3304 at the time such
container 3304 is picked-up or dropped-off by the container
handler 3303. This is particularly important for determining
an orientation of the container handler 3303 since the arms
5004 are configured to be telescopic to adjust for container
of different size. In an example having two GPS receivers,
the movement of the GPS receiver 51115 when the arm 5004
is telescoping in relation to the fixed GPS receiver 5111a on
the cab 5002 can provide the appearance that the container
handler 3303 is oriented in a different direction from its
previous orientation. Accordingly, to solve this problem, an
example embodiment provides a geolocation device 3311
having, for example, a first GPS receiver 5111a on the cab
5002, a second GPS receiver 51115 on one side of the arm
5004, and a third GPS receiver 5111¢ on the other side of the
arm 5004, in order to triangulate an orientation and/or
direction of travel/approach of the container handler 3303, to
thereby determine an orientation of a container 3304 at the
time such container 3304 is picked-up or dropped-oft by the
container handler 3303. In this example having three GPS
receivers, when both sides of the arm 5004 are telescoping
(e.g., widening or narrowing a width of the overall arm
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5004), the GPS receivers 51115 and 5111¢ move symmetri-
cally in relation to the fixed GPS receiver 5111a on the cab
5002, thereby enabling the orientation and/or direction of
travel/approach of the container handler 3303 to be easily
and reliably triangulated to thereby determine an orientation
of a container 3304 at the time such container 3304 is
picked-up or dropped-oft by the container handler 3303. The
GPS receivers 5111a-c¢ are not limited to any type of GPS
receiver and can include off-the-shelf or conventional GPS
receivers.

[0329] Referring to FIG. 24, in an example of a container
handler 3303, the chassis 5001 can include an on-board
storage medium 5010 (e.g., PGM file store), a processor or
controller 5011 on the arm 5004, mast 5003, or another
component, and a radio 5012. The radio 5012 can be
arranged in communication with a radio 5013 of the on-
board module 5006, for example, located on the roof of the
cab 5002, and connected by an ethernet radio link 5008. The
module 5006 can include a processor or controller 5014, a
storage medium 5019 (e.g., PGM file store), ethernet switch
5015 connecting the processor 5014 and the radio 5013, and
an LTE modem 5016. The modem 50160 is not limited to the
illustrated example and can any suitable type of modems,
wireless communication device, etc.

[0330] Referring again to FIGS. 25-32, an example opera-
tion of a container handler 3303 will now be described. In
this example, the container handler 3303 can include two
image sensors 5007a, 50075 directed frontward from the
arm 5004 of the container handler 3303 and configured to
generate container image data with respect to the container
3304. The first image sensor 5007a can include a camera
with a field of view configured for capturing markings 5009
on a surface of the containers 3304, such as one or more of
container codes/stencils, oriented in a vertical direction. The
second image sensor 50075 can include a second camera
with a field of view configured for capturing such markings
5009 oriented in a horizontal direction, as shown in FIG. 28.

[0331] As shown in FIGS. 28-32, when the container
handler 3303 approaches a stack of containers 3304a-3304z,
the field of view of the image sensors 50074, 50075 captures
the markings 5009 of a plurality of containers 3304a-3304z.
As the container handler 3303 moves closer to the stack of
containers 3304a-3304n, the field of view of the image
sensors 5007a, 50075 captures less of the markings 5009 of
a plurality of containers 3304a-3304#% until only a single set
of container markings 5009 are captured within the field of
view, when the container handler 3303 is adjacent to or in
close proximity to the container 3304a-33047» such as when
the container handler 3303 is in the process of engaging
with, or releasing from engagement with, the container
3304a-3304x, such as when the relevant mechanisms of the
container handler are being actuated between a locked and
unlocked state with respect to the container 3304a-3304x,
and/or when the container handler 3303 is engaged (e.g.,
locked) with the container 3304a-3304» such as when the
relevant mechanisms of the container handler 3303 are
locked onto the container 3304a-33047.

[0332] For example, in the case of vertically oriented
container markings 5009 (i.e., extending in the z-direction),
only a single set of container markings 5009 are captured
within the field of view of the first camera 5007a, as shown
in FIG. 31. In another example, in the case of horizontally
oriented container markings 5009 (i.e., extending in the
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x-direction), only a single set of container markings 5009 are
captured within the field of view of the second camera
50075, as shown in FIG. 32.

[0333] The image sensor 5007a and/or 50075 can be
configured to generate container image data, perform OCR
on the container image data according to the exemplary
embodiments herein, and identify the container 3304a-
3304% based upon the container image data, for example,
including container markings 5009 such as a container
code/stencil.

[0334] In some examples, the steps of performing OCR
and performing machine learning on the container image
data according to the exemplary embodiments herein, and
identify the container 3304a-3304# based upon the container
image data, for example, including container markings 5009
such as a container code/stencil, can be performed on-board
the container handler 3303 by the components of the module
5006 (e.g., processor/controller 5014), and then transmitted,
cither simultaneously or at a later time (e.g., periodically in
whole or in part), to the server (e.g., 3307, 5018).

[0335] In another example, the components of the module
5006 (e.g., processor/controller 5014) can transmit the con-
tainer image data, either simultaneously or at a later time
(e.g., periodically in whole or in part), to the server (e.g.,
3307, 5018). The server 3307 may be configured to perform
OCR on the container image data and to perform machine
learning on the container image data according to the
exemplary embodiments herein, and identify the container
33044-3304n based upon the container image data, for
example, including container markings 5009 such as a
container code/stencil.

[0336] In an example, if the step of performing OCR on
the container image data according to the exemplary
embodiments herein identifies a valid container based on the
container code/stencil image for the container 3304a-3304x,
then the control system 3000 can transmit, either simulta-
neously or at a later time (e.g., periodically in whole or in
part), the image data and the geolocation data for this
container to the server 3307 without manual review without
regard to any certainty of the decision (i.e., a percentage of
certainty). In other words, the control system 3000 can be
configured to make a binary decision. This is because the
control system 3000 obtains sufficient container image data
according to the invention such that the step of performing
OCR on the container image data identifies a valid container
code/stencil at a very high percentage. As a result, the
control system 3000 will accept the determination by the
step of performing OCR on the container image data if it
identifies a valid container based on the container code/
stencil image for the container 3304a-33047. On the other
hand, in an example, if the step of performing OCR on the
container image data according to the exemplary embodi-
ments herein fails to identify a valid container based on the
container code/stencil image for the container 3304a-3304x,
then the control system 3000 can be configured to transmit
(e.g., automatically transmit), either simultaneously or at a
later time (e.g., periodically in whole or in part), a notice or
exception to the server (e.g., 3307, 5018), along with a copy
of the image data, for manual review by an operator. The
system 3000 can be configured to receive an input from the
operator manually identifying the subject container. This
data can then be incorporated into the database along with its
associated geolocation data to track the container in the
container terminal 3301. By providing a binary decision
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based on the step of performing OCR on the container image
data, the control system 3000 can quickly and efficiently
identify one or more containers and their locations.

[0337] In the illustrated example, the control system 3000
comprises a container handler 3303 having an on-board
geolocation device 3311 configured to generate geolocation
data corresponding to a location of the container handler
3303 and a particular container 3304 at a time when the
container handler 3303 is adjacent to or in close proximity
to the container 3304 such as when the container handler
3303 is approaching, or withdrawing from the container
3304, when the container handler 3303 is engaged with the
container 3304 such as when the relevant mechanisms of the
container handler are locked onto the container 3304, when
the container handler 3303 is in the process of engaging
with, or releasing from engagement with, the container 3304
such as when the relevant mechanisms of the container
handler are being actuated between a locked and unlocked
state with respect to the container 3304, and/or when the
container handler 3303 is transporting the container 3304.

[0338] In the illustrated example, the on-board geoloca-
tion device 3311 is configured to generate geolocation data
corresponding to a location of the container 3304 by the
actuation (e.g., locking and/or unlocking) of the relevant
mechanisms of the container handler 3303 with respect to
the container 3304. In this way, a precise location of the
container 3304 can be determined or known at the time the
container handler 3303 locks onto the container 3304, for
example to lift the container form the ground or from a stack
of other containers, and then transport the container. Simi-
larly, a precise location of the container 3304 can be
determined or known at the time the container handler 3303
is unlocked from the container 3304, for example to set the
container 3304 on the ground or on a stack of other con-
tainers. The geolocation device 3311 can be configured to
generate a latitude value (x), and longitude value (y), and an
altitude value (2) for the container handler 33034-3303x
and/or an associated container 3304. In this way, the geo-
location device 3311 can not only be configured to generate
a geolocation value for the container handler 33034-3303#
and/or an associated container 3304 within the container
terminal 3301, but also to generate a geolocation value for
the container handler 33034-3303» and/or an associated
container 3304 in a stack of other containers 3304 in the
container terminal 3301 (e.g., a stack height of the particular
container 3304 in a stack of other containers). As a result, a
starting location and an ending location of the container
3304 can be determined or known with each move of the
container 3304 by a container handler 3303, including a
position of the container in a stack of other containers (e.g.,
an elevation of the container in a stack), and a movement of
the container 3304 from one location to another location can
be accurately tracked within the terminal 3301.

[0339] In some examples, the geolocation device 3311 can
not only be configured to generate a geolocation value for
the container handler 33034-3303» and/or an associated
container 3304 during transportation/movement of the con-
tainer handler 3303 and container 3304 within the container
terminal 3301.

[0340] According to the examples, the control system
3000 comprises a wireless transceiver 3312 and a controller
3313 coupled to the plurality of onboard sensors (e.g.,
5507a, 5507b), the geolocation device 3311, and the wire-
less transceiver 3312. The server 3307 can be configured to
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communicate with the container handler 3303 to receive the
sensor data and the geolocation value and generate a data-
base 3310 associated with the sensor data, the database
comprising, for each container 3304, container image data
(e.g., a container marking image, such as a container code/
stencil image) and associated geolocation data.

[0341] Referring to FIGS. 33-35, the examples of the
control system 3000 described herein, can utilize image data
and location data of one or more containers 3304a-3304x% to
optimize operations of a container terminal 3301.

[0342] In an example, the control system 3000 described
herein, can utilize image data (e.g., high-resolution imag-
ery), data-inferencing capabilities, and one or more neural
networks, such as one or more Al models, to identify,
classify, and locate a precise location of one or more stacked
containers 3304a-3304» in a container terminal 3301 in
real-time. As a container 3304 enters, leaves, or shifts/moves
within the container terminal 3301, the control system 3000
can send updates to the cloud and any receiving system
(TMS/YMS) with a precise location of one or more con-
tainers 33044-3304~ in the container terminal 3301 as well
as a precise location (i.e., altitude) of the container 3304 in
a stack.

[0343] In this way, the control system 3000 can provide
operators a real-time snapshot of a container terminal 3301.
A precise location of one or more containers 3304a-3304% in
one or more stacks can be known and tracked. Moreover, in
exemplary systems and methods, the control system 3000
can be configured to utilize such real-time image data,
location data, and other metrics and/or other factors to
groom stacks of containers, including for example optimiz-
ing and/or adjust (e.g., automatically optimizing and/or
adjusting) a location of one or more containers in one or
more stacks of containers, for example, to streamline work-
flow, among other things.

[0344] According to the exemplary embodiments, the con-
trol system 3000 can be configured to process this real-time
data to optimize movements of containers 3304a-3304# in
the container terminal 3301. In an example, the control
system 3000 can utilize one or more Al Engines to process
this real-time data to optimize movements of containers
3304a-3304x in the container terminal 3301 using efficiency
algorithms.

[0345] For example, the control system 3000 can be
provided on one or more container handlers 3303a-3303# of
a container terminal 3301 and configured to track one or
more containers 3304a-33047 as they are moved and intel-
ligently place the one or more containers 3304a-3304% in
stacks in the container terminal 3301 to minimize or avoid
reshuffling of containers and/or minimize or avoid unpro-
ductive moves of containers, as shown in FIGS. 33-34.
[0346] In an example, the control system 3000 can be
configured to groom (e.g., change or rearrange) stacks of
containers handlers 3304a-33047, using for example Al
Engines based on a variety of factors. For example, the
control system 3000 can be configured to groom stacks
based on current bookings and future appointments to place
containers handlers 3304a-3304# in an optimal position for
extracting and loading onto a vehicle. For example, with
reference to FIGS. 33 and 34, if container 33044 is sched-
uled to be extracted from the stacks prior to containers
33045 and 3304c, then the system can determine that no
grooming of this stack is needed at this time. On the other
hand, if container 3304¢ is scheduled to be extracted from
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the stacks prior to containers 3304a and 33045, then the
system can determine that this stack may be groomed (e.g.,
rearranged) to move container 3304¢ into an optimal posi-
tion for extraction with no or minimal moves of other
containers at the scheduled date/time for extraction of this
container 3304¢ and loading onto a vehicle (e.g., yard truck).
In this way, the control system 3000 can be configured to
utilize real-time image data and location data of one or more
terminals 3304a-3304# in the container terminal 3301, and
in some examples, in combination with other metrics and/or
other factors, to optimize stacks that otherwise may go
untracked by operating teams of a container terminal 3301.
For example, additional metrics such as dwell time, average
throughput of stacks, historical or current timeliness of
drivers, reservations for pickup, etc. can be processed and
utilized to provide vital insights about operations of a
container terminal 3301.

[0347] For example, in some instances, the control system
3000 can be configured to recommend optimizations to one
or more stacks, or to automatically instruct container han-
dlers to optimize stacks, on a periodic basis such as daily,
weekly, etc.

[0348] In an example, the control system 3000 can be
configured to provide alerts (e.g., customizable alerts) to
notify teams when the most efficient method of building
stacks requires a facility layout change (e.g., high winds,
peak, customer-preferred stacks, among other things). For
example, in the case of forecasted high winds, the control
system 3000 can be configured to recommend optimizations
to one or more stacks, or to automatically instruct container
handlers to optimize stacks, to reduce a height of one or
more stacks (e.g., reduce a container height from 7-high to
3-high, or the like). The control system 3000 can be con-
figured to track a location of each container as the container
is relocated and then to optimize, or re-optimize, the stacks
in view of the new locations and/or other metrics/factors to
continually groom the stacks. In an example, the system and
method can include a Weather Analysis Engine to forecast
and/or detect weather events such as high winds or other
weather related events or forecasts.

[0349] Referring again to FIGS. 33-36, the examples of
the control system 3000 described herein, can utilize image
data and location data of one or more containers 3304a-
3304# to optimize operations of a container terminal 3301.
[0350] For example, in some instances, the control system
3000 can be configured to task a closest lift operator or
container handler for each move of a container 3304.
[0351] In another example, if a vehicle driver misses or
cancels an appointment, the control system 3000 can be
configured to utilize Al Engines to optimize, or re-optimize,
the stack and updates one or more work orders for one or
more lift operator.

[0352] In yet another example, if a dispatcher and/or
driver signals intent (drop off/pick up) in a customer’s Terms
of Service (TOS), Yard Management System (YMS), or
natively in the system 3000, then the control system 3000
can be configured to utilize one or more Al Engines to
update one or more work orders, for example, on in-cab/
on-board tablets or other mobile devices to fulfill current
bookings and/or optimize stacks for future appointments.
[0353] In an example, if a customer and/or driver signals
intent to pick up a container, the control system 3000 can
identify the precise location of the container, as well as
determine a cost to access the container based on its location
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in a stack. The cost can include, for example, one or more
of time, labor, equipment resources, number of movements
of other containers to access the container, charged dollar
cost to customer, among other defined costs. For example, as
shown in FIG. 33, one or more other containers in one or
more stacks and/or other stacks of containers may need to be
moved/relocated/shifted to access a given container based
on, for example, the date and time of pick-up. In this way,
one or more of a manager/operator of the inventory man-
agement facility, customer, and/or driver (e.g., driver of one
or more container handlers) can be informed of a cost to
extract the container on that given day and/or time, and/or a
cost to extract the container on a different day and/or time,
for example, if the container will be more easily accessible
(and thus, less expensive to access) in the coming days after
other work orders are completed on adjacent containers,
thereby enabling the manager/operator of the inventory
management facility, customer, and/or driver (e.g., driver of
one or more container handlers) to make a business decision
on whether to proceed and/or when to proceed with the work
order for that container.

[0354] In an example, the control system 3000 can be
integrated into Terms of Service (TOS) or Yard Management
Systems (YMS) to provide one or more customers with
access to view assets/inventory (e.g., containers) within a
container terminal 3301. In an example, the control system
3000 can include a graphic user interface (GUI) to grant
individual customers access to view their inventory within a
container terminal 3301.

[0355] Referring again to FIGS. 35 and 36, an example
method of operations optimization of a container terminal
using the control system 3000 described herein, will now be
described. In this example, the control system 3000 can
utilize image data and location data of one or more contain-
ers 3304a-3304n, along with data entered from one or more
dispatchers and/or drivers, to optimize the stack within the
container terminal 3301 to establish a least cost to stack,
mine, deliver and/or receive assets/inventory.

[0356] For example, as shown in FIG. 35, one or more
drivers and/or dispatchers can signal an intent to, for
example, to pick-up a container, drop-off a container, or
pick-up and drop-off a container (e.g., step 6001). In an
example, the control system 3000 can utilize one or more Al
Engines, collected data (e.g., image data and location data),
and/or historical data, etc. to groom (e.g., optimize) the
stacks and/or continuously groom the stacks using present
and future intents (e.g., today’s bookings and/or future
bookings, etc.) (e.g., step 6002). In an example, the control
system 3000 can minimize movements of equipment, such
as one or more vehicles (e.g., one or more container handlers
33034-3303%) and stack rebuilds in real-time and/or future
time. For example, the control system 3000 can task the
closest operators based on intent and efficiency of the moves
(e.g., step 6003).

[0357] In some examples, the control system 3000 can
analyze what container or containers are being picked-up
and/or dropped-off, what assets are in the inventory man-
agement facility such as what containers, container handlers,
etc., what containers are in one or more stacks and/or their
locations (e.g., height/level of one or more containers in a
stack, and/or what containers need to be moved in one or
more stacks of containers to access a particular container,
among other things), or combinations thereof. In some
examples, the control system 3000 can utilize one or more
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Al Engines (e.g., efficiency algorithms), collected data (e.g.,
image data and location data), and/or historical data, etc. to
groom (e.g., optimize) movements of one or more containers
and/or how to build one or more stacks of one or more
containers. In some examples, the control system 3000 can
build one or more stacks for real-time and/or future times
(e.g., 6004). In some examples, the control system 3000 can
suggest and/or notify (e.g., proactively suggest and/or
notify) one or more of a manager/operator of the inventory
management facility, customer, and/or driver (e.g., driver of
one or more container handlers) of actual or potential delays,
changes in schedule, etc., among other things. In an
example, the control system 3000 can optimize movements
of equipment, such as one or more vehicles (e.g., one or
more container handlers 33034-3303#%) to reduce or mini-
mize equipment moves, thereby improving efficiency (e.g.,
6006).

[0358] With reference to FIG. 36, an exemplary system
and method can receive one or more inputs from one or more
drivers and/or dispatchers (e.g., 7001, 8001a, and/or 80015).
The input can signal an intent, for example, to pick-up a
container, drop-off a container, or pick-up and drop-off a
container (e.g., 7002, 7003, 7004, 7005, 7006, 7007, 80024,
and/or 80025).

[0359] The control system 3000 can utilize one or more Al
Engines, collected data (e.g., image data and location data),
and/or historical data, etc. (e.g., 8004, 8009, 8014, 8016,
and/or 8017).

[0360] The control system 3000 can analyze what assets
are in the inventory management facility such as what
containers, container handlers, etc. (8005, 8012), what con-
tainers are in one or more stacks (8006) and/or their loca-
tions (e.g., including height/level in a stack) (8012), what
container or containers are being picked-up (8007, 8010)
and/or dropped-off (8008, 8011).

[0361] The control system 3000 can utilize one or more Al
Engines (e.g., efficiency algorithms), collected data (e.g.,
image data and location data), and/or historical data, etc. to
groom (e.g., optimize) movements of one or more containers
and/or how to build one or more stacks of one or more
containers or where to put the one or more containers in the
one or more stacks (8013).

[0362] The control system 3000 can assign the task to the
lowest cost operator (e.g., closest operator) based on intent
and efficiency of the moves (8015).

[0363] The control system 3000 can minimize movements
of equipment, such as one or more vehicles (e.g., one or
more container handlers 33034-3303#) and stack rebuilds in
real-time and/or future time (8020). For example, the control
system 3000 can utilize one or more Al Engines, collected
data (e.g., image data and location data), and/or historical
data, etc. (e.g., 8004, 8009, 8014, 8016, and/or 8017) to
groom (e.g., optimize) the stacks and/or continuously groom
the stacks using present and future intents (e.g., today’s
bookings and/or future bookings, etc.). The control system
3000 can utilize one or more Al Engines to analyze the
intents with actual data, such as real-time container loca-
tions. In an example, the control system 3000 can utilize one
or more Al Engines, collected data (e.g., image data and
location data), and/or historical data, etc. (e.g., 8004, 8009,
8014, 8016, and/or 8017) to groom (e.g., optimize) the
stacks based on intents for a predetermined number of days
(e.g., intents plus “X” days).

Jun. 12, 2025

[0364] In some examples, the control system 3000 can
build one or more stacks for real-time and/or future times
(e.g., 6004). In some examples, the control system 3000 can
acknowledge, suggest, and/or notify (e.g., proactively sug-
gest and/or notify) (8003) one or more of a manager/
operator of the inventory management facility, customer,
and/or driver (e.g., driver of one or more container handlers)
of actual or potential delays, changes in schedule, etc.,
among other things. In an example, the control system 3000
can optimize movements of equipment, such as one or more
vehicles (e.g., one or more container handlers 3303a-33037)
to reduce or minimize equipment moves, thereby improving
efficiency (e.g., 6006).

[0365] According to the exemplary embodiments, the con-
trol system 3000 may provide a more accurate approach to
inventory and location of containers at a container terminal.
The control system may identity, locate, and track inventory
located in the container terminal. With the control system,
inventory and a location of the inventory can be updated
(e.g., automatically updated) in real time by each container
handler as it executes work orders. The control system may
help users make smarter, faster decisions that can boost the
entire operation’s efficiency and profitability. The control
system removes the uncertainty obscured by the lack of
visibility, allowing operations teams to view their facility
zoomed in or out. Predictive analytics, real-time data, inter-
net-connected machinery, and automation may help compa-
nies become proactive to focus on growth strategies. Fur-
thermore, the control system may be readily retrofitted onto
existing systems with minor modifications to container
handlers.

[0366] The exemplary embodiments can provide a stack
management system and method that solves the longstand-
ing challenges of tracking and intelligently placing contain-
ers in a container terminal to minimize reshuffling and/or
unproductive moves.

[0367] The exemplary systems and methods can minimize
or avoid time-consuming manual processes, poor yard vis-
ibility, searching for containers, duplicating work or unpro-
ductive moves, digging out containers while drivers are
waiting (e.g., moving one or more other containers in one or
more stacks of containers to access a particular container),
and/or excess emissions, among other things.

[0368] The exemplary systems can be simply and easily
mounted on an existing container handler, lift, crane equip-
ment, or the like. The exemplary systems and methods
enabling tracking and inventorying (e.g., automatic tracking
and/or automatic inventorying) and determining precise
location data of stacked containers within a yard or terminal
(e.g., container terminal), thereby providing unmatched vis-
ibility for stacked containers and providing site staff with an
accurate, efficient way to locate, intelligently reshuffle, and/
or rebuild stacks.

[0369] The exemplary systems and methods can utilize
high-resolution imagery, data-inferencing capabilities, and
Al (e.g., Al models and/or other neural networks) to identify,
classify, and/or locate stacked containers in real time. As
equipment enters, leaves, and/or shifts within a facility, the
exemplary systems and methods can send updates to the
cloud and any receiving system (such as TMS/YMS),
thereby providing accurate location information for each
container in one or more stacks.

[0370] The exemplary systems and methods ensure that
one or more containers, and more particularly, every con-
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tainer in a stack is visible, thereby streamlining operations
and enhancing overall efficiency of the operation of a
container terminal and mitigating disruptions before they
happen. That is, the image data and location data of each
container is known and tracked, and in some examples,
accessible to operators, drivers, and/or customers.

[0371] The exemplary systems and methods can provide
real-time positioning. For example, exemplary systems and
methods can enable the use of, and cooperate with, existing
equipment, such as one or more vehicles (e.g., one or more
container handlers 3303a-3303¢) operable within an inven-
tory management facility (e.g., a container terminal 3301),
to provide real-time, low-cost, and precisely accurate posi-
tioning data even within stacks. This capability revolution-
izes inventory management by eliminating guesswork and
minimizing the risk of errors.

[0372] The exemplary systems and methods can capture,
generate, and/or provide current, up to date data (e.g.,
never-stale data).

[0373] The exemplary systems and methods can be con-
figured to continuously update data by sending location data
to the cloud in real time, minimizing unproductive equip-
ment moves and ensuring operators and/or customers have
the most up-to-date information.

[0374] The exemplary systems and methods can provide
Al-powered optimization of stacks. The exemplary systems
and methods can utilize artificial intelligence engines to
groom stacks based on, for example, current bookings and
future appointments. In this way, the present invention
enables operators to place containers in a preferred or
optimal position, thereby improving or maximizing effi-
ciency and minimizing or avoiding costly delays. For
example, if a driver misses or cancels an appointment, the
exemplary systems and methods can utilize one or more Al
engines to re-optimize the stack and update a lift operator’s
work orders.

[0375] The exemplary systems and methods can provide
smart scheduling. For example, a dispatcher and/or driver
can signal intent (e.g., drop off/pick up) from their Terms of
Service (TOS), Yard Management Systems (YMS), or
natively in the exemplary control system. Al engines can be
utilized to update work orders on in-cab tablets (e.g., in one
or more vehicles such as one or more container handlers
3303a-3303¢ operable within an inventory management
facility such as a container terminal 3301, to fulfill current
bookings and optimize stacks, for example, for future
appointments, such as a predetermined numbers of days out.
[0376] The exemplary systems and methods can provide
alerts (e.g., customizable alerts) to notify teams when a more
efficient method (e.g., most efficient method) of building
stacks requires a facility layout change (i.e., high winds,
peak, customer-preferred stacks). In an example, the system
and method can include a Weather Analysis Engine to
forecast and/or detect weather events such as high winds or
other weather related events or forecasts.

[0377] The exemplary systems and methods can provide
one or more customers with access (e.g., real-time access) to
view assets/inventory (e.g., containers, and more particu-
larly container image data and container geolocation data)
within a container terminal utilizing the customer’s Terms of
Service (TOS), Yard Management Systems (YMS), or
natively in the exemplary control system.

[0378] The exemplary systems and methods can be
coupled with other control systems for a container terminal,
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as described herein, such that customers can access data and
be provided a unified view and real-time snapshot of con-
tainers in a facility, for example, from entry to exit and every
move in between. The exemplary systems and methods can
work together to give operators a real-time snapshot of a
yard and, in some examples, utilize Al Engines to crunch the
data to optimize yard moves using efficiency algorithms. In
an example, the system can task a closest lift operator for
each move, thereby improving efficiency, reducing costs,
etc.
[0379] The exemplary systems and methods can use
simple, high-impact metrics and/or other factors to optimize
stacks that often go untracked by operating teams and can
provide or reveal vital insights about operations of a con-
tainer terminal, such as dwell time, average throughput of
stacks, and timeliness of drivers. The exemplary systems
and methods can optimize and adjust (e.g., automatically
optimize and adjust) to streamline work.
[0380] Customers can use an interface of the exemplary
system or integrate the data into their TOS or YMS. In some
examples, individual clients can be granted access (e.g.,
selectively granted access) to view their inventory within an
inventory management facility.
[0381] With reference again to FIG. 36, in some examples,
the control system 3000 can be configured to perform one or
more of the following steps, or one or more combinations of
one or more thereof:

[0382] 1. grant individual clients/customers access to

their inventory within a container terminal 3301;

[0383] 2. suggest pickup times/days;
[0384] 3. minimize wait times for drivers;
[0385] 4. alert clients/customers of delays and/or poten-

tial delays, at scheduling and/or during transit to the
container terminal 3301 (e.g., customizable alerts);

[0386] 5. enable rewards for arrivals within the speci-
fied pickup/drop off window;

[0387] 6. minimize productive and unproductive move-
ments of one or more container handlers, using Least
Cost Routing Calculations based on current position,
present required moves, and/or future moves;

[0388] 7. encourage drivers to use preregistration ser-
vices, provided for example, using a graphic user
interface providing access to the system 3000;

[0389] 8. increase inventory management facility pro-
ductivity (e.g., Depot/Distribution and Warchousing
facility productivity);

[0390] 9. provide a positive Environmental Impact
(e.g., reduced Hydrocarbons), by decreasing move-
ments of one or more container handlers and/or other
equipment within the facility and idling trucks waiting
for loads/containers;

[0391] 10. decrease total cost of ownership of container
handlers by reducing maintenance (e.g., less unproduc-
tive use);

[0392] 11. establish an Al-based method of stacking/re-
stacking based on machine knowledge that is config-
ured to be transferable from site to site and may be
configured to improve performance over time;

[0393] 12. measure and report on metrics and/or other
factors within the container terminal 3301, including
for example, one or more of the following metrics, or
one or more combinations of one or more thereof:
[0394] a. Dwell;

[0395] b. Empty vs. Full;
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[0396] c. Rating/Ranking of customer compliance;
and/or
[0397] d. Average throughput of stacks (in an

example, the system 3000 can be integrated with
other systems to provide throughput of a container
terminal 3301 from entry to exit);

[0398] 13. suggest one or more optimal/optimized lay-
outs of efficient (e.g., most efficient) method of building
stacks based on one or more metrics and/or other
factors of the container terminal 3301 by performing
one or more of the following steps, or one or more
combinations of one or more thereof:

[0399] a. Suggest/Implement a high wind plan;

[0400] b. Suggest/Implement a “peak” plan;

[0401] c. Suggest/Implement locations of stacks;

[0402] d. Suggest/Implement a green field layout;
and/or

[0403] c. Suggest/Implement a proffered customer

stacking plan; and/or
[0404] 14. communicate work order visually to a driver,
etc.

[0405] With reference again to FIGS. 21-36, an exemplary
embodiment of a control system for a container terminal
with a plurality of containers therein, can comprise a server,
and a container handler operable within the container ter-
minal and configured to engage at least one of the plurality
of containers, at least one onboard sensor on the container
handler and configured to generate sensor data of at least one
of the plurality of containers, a geolocation device on the
container handler and configured to generate a geolocation
value for at least one of the container handler and a container
of the plurality of containers, a wireless transceiver on the
container handler, and a controller on the container handler,
the controller coupled to the plurality of onboard sensors, the
geolocation device, and the wireless transceiver, the con-
troller configured to transmit the sensor data and the geo-
location value for the at least one of the container handler
and the container of the plurality of containers to the server,
wherein the server in communication with the container
handler and configured to generate a database associated
with the sensor data, the database comprising, for each
container, image data and geolocation data, and wherein the
geolocation value includes a latitude value, a longitude
value, and an altitude value. The plurality of onboard sensors
can comprise an image sensor configured to generate con-
tainer image data. The container image data can comprise
container video data, and wherein the server is configured to
weight detected objects in the container terminal based upon
a number of frames including the detected objects. The
server is configured to identify each container based upon
the container image data. The server is configured to per-
form optical character recognition (OCR) on the container
image data. The server is configured to perform machine
learning on the container image data. The server is config-
ured to execute a first machine learning model comprising a
neural network trained to predict a location of text sequences
in the container image data. The server is configured to
execute a second machine learning model comprising a
neural network for scanning the text sequences and predict-
ing a sequence of missing characters.
[0406] Another example is directed to a server in a control
system for a container terminal with a plurality of containers
therein, the control system comprising a container handler
operable within the container terminal and comprising a
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plurality of onboard sensors configured to generate sensor
data of at least some of the plurality of containers, a
geolocation device configured to generate a geolocation
value for the container handler, a wireless transceiver, and a
controller coupled to the plurality of onboard sensors, the
geolocation device, and the wireless transceiver, the server
comprising a processor and memory cooperating therewith
and in communication with the container handler, the pro-
cessor configured to receive the sensor data and the geolo-
cation value for the container handler from the container
handler, and generate a database associated with the sensor
data, the database comprising, for each container, image data
and geolocation data, wherein the geolocation value
includes a latitude value, a longitude value, and an altitude
value. The plurality of onboard sensors can comprise an
image sensor configured to generate container image data.
The server is configured to identify each container based
upon the container image data. The server is configured to
perform optical character recognition (OCR) on the con-
tainer image data. The server is configured to perform
machine learning on the container image data. The server is
configured to execute a first machine learning model com-
prising a neural network trained to predict a location of text
sequences in the container image data, and wherein the
server is configured to execute a second machine learning
model comprising a neural network for scanning the text
sequences and predicting a sequence of missing characters.

[0407] Another example is directed to a method of oper-
ating a server in a control system for a container terminal
with a plurality of containers therein, the control system
comprising a container handler operable within the container
terminal and comprising a plurality of onboard sensors
configured to generate sensor data of at least some of the
plurality of containers, a geolocation device configured to
generate a geolocation value for the container handler, a
wireless transceiver, and a controller coupled to the plurality
of onboard sensors, the geolocation device, and the wireless
transceiver, the method comprising operating the server in
communication with the container handler to receive the
sensor data and the geolocation value for the container
handler from the container handler, and generate a database
associated with the sensor data, the database comprising, for
each container, image data and geolocation data, wherein the
geolocation value includes a latitude value, a longitude
value, and an altitude value. The plurality of onboard sensors
can comprise an image sensor configured to generate con-
tainer image data, wherein the server is configured to
identify each container based upon the container image data.
The server is configured to perform optical character rec-
ognition (OCR) on the container image data. The server is
configured to perform machine learning on the container
image data. The server is configured to execute a first
machine learning model comprising a neural network
trained to predict a location of text sequences in the con-
tainer image data, and wherein the server is configured to
execute a second machine learning model comprising a
neural network for scanning the text sequences and predict-
ing a sequence of missing characters.

[0408] Another example is directed to a control system for
optimizing a location of a plurality of containers in a stack
of a container terminal, the control system comprising a
server, and a container handler operable within the container
terminal and configured to engage at least one of the
plurality of containers, at least one onboard sensor on the
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container handler and configured to generate sensor data of
at least one of the plurality of containers, a geolocation
device on the container handler and configured to generate
a geolocation value for at least one of the container handler
and a container of the plurality of containers, a wireless
transceiver on the container handler, and a controller on the
container handler, the controller coupled to the plurality of
onboard sensors, the geolocation device, and the wireless
transceiver, the controller configured to transmit the sensor
data and the geolocation value for the at least one of the
container handler and the container of the plurality of
containers to the server, wherein the server in communica-
tion with the container handler and configured to generate a
database associated with the sensor data, the database com-
prising, for each container, image data and geolocation data,
wherein the geolocation value includes a latitude value, a
longitude value, and an altitude value, and wherein the
server is configured to optimize the location of one or more
containers of the plurality of containers in the stack of the
container terminal based on the database. The server is
configured to perform machine learning on the database.

[0409] Another example is directed to a method of opti-
mizing a location of a plurality of containers in a stack of a
container terminal, the method comprising operating a
server in a control system for a container terminal with a
plurality of containers therein, the control system compris-
ing a container handler operable within the container termi-
nal and comprising a plurality of onboard sensors configured
to generate sensor data of at least some of the plurality of
containers, a geolocation device configured to generate a
geolocation value for the container handler, a wireless
transceiver, and a controller coupled to the plurality of
onboard sensors, the geolocation device, and the wireless
transceiver, the method comprising operating the server in
communication with the container handler to receive the
sensor data and the geolocation value for the container
handler from the container handler, generate a database
associated with the sensor data, the database comprising, for
each container, image data and geolocation data, wherein the
geolocation value includes a latitude value, a longitude
value, and an altitude value, and optimizing the location of
one or more containers of the plurality of containers in the
stack of the container terminal based on the database. The
server is configured to perform machine learning on the
database.

[0410] Those of skill in the art would appreciate that
various suitable machine learning models may be utilized in
the exemplary embodiments and the one or more neural
networks described herein are not limited to any particular
type of neural network and can include one or more neural
networks, such as transformer neural networks, artificial
neural networks (ANNs), simulated neural networks
(SNNs), feedforward neural networks, and/or other deep
learning models, technology, and/or toolkits for analyzing
and/or processing one or more of collected image data (e.g.,
video image data, frames of video image data, etc.), audio
data (e.g., captured audio recordings of spoken words),
textual data (e.g., sequential text), etc. and/or one or more
datasets including such data. For example, the exemplary
embodiments may utilize DeepStream technology to
improve or maximize a speed of processing high frame rate
images, video, etc.

[0411] Those of skill in the art would further appreciate
that the various illustrative logical blocks, modules, circuits,
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and algorithm steps described in connection with the dis-
closure herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and software,
various illustrative components, blocks, modules, circuits,
and steps have been described above generally in terms of
their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.
Skilled artisans will also readily recognize that the order or
combination of components, methods, or interactions that
are described herein are merely examples and that the
components, methods, or interactions of the various embodi-
ments of the present disclosure may be combined or per-
formed in ways other than those illustrated and described
herein.

[0412] Functional blocks and modules described herein
and illustrated in the examples shown in the figures may
comprise processors, electronics devices, hardware devices,
electronics components, logical circuits, memories, software
codes, firmware codes, etc., or any combination thereof.
Consistent with the foregoing, various illustrative logical
blocks, modules, and circuits described in connection with
the disclosure herein may be implemented or performed
with a general-purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other program-
mable logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof designed
to perform the functions described herein. A general-purpose
processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

[0413] The steps of a method or algorithm described in
connection with the disclosure herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium is
coupled to the processor such that the processor can read
information from, and write information to, the storage
medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in a
user terminal, base station, a sensor, or any other commu-
nication device. In the alternative, the processor and the
storage medium may reside as discrete components in a user
terminal.

[0414] In one or more exemplary embodiments, the func-
tions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over
as one or more instructions or code on a computer-readable
medium. Computer-readable media includes both computer
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storage media and communication media including any
medium that facilitates transfer of a computer program from
one place to another. Computer-readable storage media may
be any available media that can be accessed by a general
purpose or special purpose computer. By way of example,
and not limitation, such computer-readable media can com-
prise RAM, ROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic stor-
age devices, or any other medium that can be used to carry
or store desired program code means in the form of instruc-
tions or data structures and that can be accessed by a
general-purpose or special-purpose computer, or a general-
purpose or special-purpose processor. Also, a connection
may be properly termed a computer-readable medium. For
example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, or digital subscriber line (DSL),
then the coaxial cable, fiber optic cable, twisted pair, or DSL,,
are included in the definition of medium. Disk and disc, as
used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray
disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of
the above should also be included within the scope of
computer-readable media.

[0415] Persons skilled in the art will readily understand
that advantages and objectives described above would not be
possible without the particular combination of computer
hardware and other structural components and mechanisms
assembled in this inventive system and described herein.
Additionally, the algorithms, methods, and processes dis-
closed herein improve and transform any general-purpose
computer or processor disclosed in this specification and
drawings into a special purpose computer programmed to
perform the disclosed algorithms, methods, and processes to
achieve the aforementioned functionality, advantages, and
objectives. It will be further understood that a variety of
programming tools, known to persons skilled in the art, are
available for generating and implementing the features and
operations described in the foregoing. Moreover, the par-
ticular choice of programming tool(s) may be governed by
the specific objectives and constraints placed on the imple-
mentation selected for realizing the concepts set forth herein
and in the appended claims.

[0416] The description herein should not be read as imply-
ing that any particular element, step, or function can be an
essential or critical element that must be included in the
claim scope. Also, none of the claims can be intended to
invoke 35 U.S.C. § 112(f) with respect to any of the
appended claims or claim elements unless the exact words
“means for” or “step for” are explicitly used in the particular
claim, followed by a participle phrase identifying a function.
Use of terms such as (but not limited to) “mechanism,”
“module,” “device,” “unit,” “component,” “element,”
“member,” “apparatus,” “machine,” “system,” “processor,”
“processing device,” or “controller” within a claim can be
understood and intended to refer to structures known to
those skilled in the relevant art, as further modified or
enhanced by the features of the claims themselves, and can
be not intended to invoke 35 U.S.C. § 112(f). Even under the
broadest reasonable interpretation, in light of this paragraph
of'this specification, the claims are not intended to invoke 35
US.C. § 112(f) absent the specific language described
above.
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[0417] The disclosure may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. For example, each of the new structures
described herein, may be modified to suit particular local
variations or requirements while retaining their basic con-
figurations or structural relationships with each other or
while performing the same or similar functions described
herein. The present embodiments are therefore to be con-
sidered in all respects as illustrative and not restrictive.
Accordingly, the scope of the disclosure can be established
by the appended claims rather than by the foregoing descrip-
tion. All changes which come within the meaning and range
of equivalency of the claims are therefore intended to be
embraced therein. Further, the individual elements of the
claims are not well-understood, routine, or conventional.
Instead, the claims are directed to the unconventional inven-
tive concept described in the specification.

[0418] The present invention has been described herein in
terms of several preferred embodiments. However, modifi-
cations and additions to these embodiments will become
apparent to those of ordinary skill in the art upon a reading
of the foregoing description. It is intended that all such
modifications and additions comprise a part of the present
invention to the extent that they fall within the scope of the
several claims appended hereto.

1. A control system for an inventory management facility,
the control system comprising:
one or more containers in the inventory management
facility;
one or more servers; and
one or more container handlers operable within the inven-
tory management facility and configured to engage at
least one of the one or more containers, wherein the one
or more container handlers includes:
one or more sensors on the one or more container
handlers and configured to generate sensor data of at
least one of one or more containers, wherein the one
or more sensors comprises an image sensor config-
ured to generate container image data;
one or more geolocation devices on the one or more
container handlers and configured to generate one or
more geolocation values for one or more of the one
or more container handlers or the one or more
containers or a combination thereof,
one or more wireless transceivers on the one or more
container handlers; and
one or more controllers on the one or more container
handlers, the one or more controllers coupled to the
one or more sensors, the one or more geolocation
devices, and the one or more wireless transceivers,
the one or more controllers configured to transmit the
sensor data and the geolocation value for the one or
more of the one or more container handlers and the
one or more containers to the one or more servers,
wherein the one or more servers includes one or more
processors and one or more non-transitory computer-
readable storage mediums storing instructions compris-
ing one or more algorithms that when executed by the
one or more processors cause the one or more proces-
sors to perform steps to:
generate a database associated with the sensor data, the
database comprising, for the one or more containers,
image data and geolocation data;
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perform machine learning on the image data including
executing at least one of:

a first machine learning model comprising a neural
network trained to predict a location of text
sequences in the image data; or

a second machine learning model comprising a neu-
ral network for scanning the text sequences and
predicting a sequence of missing characters; or

a combination thereof; and

perform optical character recognition (OCR) on the
image data.

2. The control system of claim 1, wherein the geolocation
value includes a latitude value, a longitude value, and an
altitude value.

3. The control system of claim 2, wherein the container
image data comprises container video data; and wherein the
one or more servers is configured to weight detected objects
in the inventory management facility based upon a number
of frames including the detected objects.

4. The control system of claim 1, wherein the server is
configured to identify the one or more containers based upon
the container image data.

5. The control system of claim 4, wherein the server is
configured to track one or more of a location or a movement,
or a combination thereof, of the one or more containers
within the inventory management facility.

6. The control system of claim 1, wherein a container
handler of the one or more container handlers comprises one
of a side loader, a reach loader, or a crane loader.

7. The control system of claim 1, wherein the one or more
servers are in communication with the one or more container
handlers and are configured to transmit one or more opera-
tional values to a container handler of the one or more
container handlers to position a container of the one or more
containers at a predetermined location within the inventory
management facility.

8. A server in a control system for an inventory manage-
ment facility, the control system comprising one or more
containers in the inventory management facility, and one or
more container handlers operable within the inventory man-
agement facility and configured to engage at least one of the
one or more containers, wherein the one or more container
handlers includes one or more sensors on the one or more
container handlers and configured to generate sensor data of
at least one of one or more containers, wherein the one or
more sensors comprises an image sensor configured to
generate container image data, one or more geolocation
devices on the one or more container handlers and config-
ured to generate one or more geolocation values for one or
more of the one or more container handlers or the one or
more containers or a combination thereof, one or more
wireless transceivers on the one or more container handlers,
and one or more controllers on the one or more container
handlers, the one or more controllers coupled to the one or
more sensors, the one or more geolocation devices, and the
one or more wireless transceivers, the one or more control-
lers configured to transmit the sensor data and the geoloca-
tion value for the one or more of the one or more container
handlers and the one or more containers to the server,

the server comprising:

one or more processors and one or more non-transitory

computer-readable storage mediums storing instruc-
tions comprising one or more algorithms that when
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executed by the one or more processors cause the one

or more processors to perform steps to:

generate a database associated with the sensor data, the
database comprising, for the one or more containers,
image data and geolocation data;

perform machine learning on the image data including
executing at least one of:

a first machine learning model comprising a neural
network trained to predict a location of text
sequences in the image data; or

a second machine learning model comprising a neu-
ral network for scanning the text sequences and
predicting a sequence of missing characters; or

a combination thereof; and

perform optical character recognition (OCR) on the
image data.
9. The server of claim 8, wherein the geolocation value
includes a latitude value, a longitude value, and an altitude
value.

10. The server of claim 9, wherein the container image
data comprises container video data; and wherein the one or
more servers is configured to weight detected objects in the
inventory management facility based upon a number of
frames including the detected objects.

11. The server of claim 8, wherein the server is configured
to identify the one or more containers based upon the
container image data.

12. The server of claim 11, wherein the server is config-
ured to track one or more of a location or a movement, or a
combination thereof, of the one or more containers within
the inventory management facility.

13. The server of claim 8, wherein a container handler of
the one or more container handlers comprises one of a side
loader, a reach loader, a reach stacker, a Rubber Tired Gantry
Cranes (RTG), or a crane loader.

14. The server of claim 8, wherein the one or more servers
are in communication with the one or more container
handlers and are configured to transmit one or more opera-
tional values to a container handler of the one or more
container handlers to position a container of the one or more
containers at a predetermined location within the inventory
management facility.

15. A method of operating a server in a control system for
an inventory management facility, the control system com-
prising one or more containers in the inventory management
facility, and one or more container handlers operable within
the inventory management facility and configured to engage
at least one of the one or more containers, wherein the one
or more container handlers includes one or more sensors on
the one or more container handlers and configured to gen-
erate sensor data of at least one of one or more containers,
wherein the one or more sensors comprises an image sensor
configured to generate container image data, one or more
geolocation devices on the one or more container handlers
and configured to generate one or more geolocation values
for one or more of the one or more container handlers or the
one or more containers or a combination thereof, one or
more wireless transceivers on the one or more container
handlers, and one or more controllers on the one or more
container handlers, the one or more controllers coupled to
the one or more sensors, the one or more geolocation
devices, and the one or more wireless transceivers, the one
or more controllers configured to transmit the sensor data
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and the geolocation value for the one or more of the one or
more container handlers and the one or more containers to
the server,

the method comprising:

operating the server in communication with the one or
more container handlers to receive the sensor data
and the geolocation value for the one or more
container handlers from the one or more container
handlers,

generating a database associated with the sensor data,
the database comprising, for the one or more con-
tainers, image data and geolocation data,

performing machine learning on the image data includ-
ing executing at least one of:

a first machine learning model comprising a neural
network trained to predict a location of text
sequences in the image data; or

a second machine learning model comprising a neu-
ral network for scanning the text sequences and
predicting a sequence of missing characters; or

a combination thereof; and

performing optical character recognition (OCR) on the
image data.

16. The method of claim 15, wherein the geolocation
value includes a latitude value, a longitude value, and an
altitude value.

17. The method of claim 16, wherein the container image
data comprises container video data; and wherein the one or
more servers is configured to weight detected objects in the
inventory management facility based upon a number of
frames including the detected objects.

18. The method of claim 15, wherein the server is
configured to identify the one or more containers based upon
the container image data.

19. The method of claim 18, wherein the server is
configured to track one or more of a location or a movement,
or a combination thereof, of the one or more containers
within the inventory management facility.

20. The method of claim 15, wherein a container handler
of the one or more container handlers comprises one of a
side loader, a reach loader, a reach stacker, a Rubber Tired
Gantry Cranes (RTG), or a crane loader.

21. The method of claim 15, wherein the one or more
servers are in communication with the one or more container
handlers and are configured to transmit one or more opera-
tional values to a container handler of the one or more
container handlers to position a container of the one or more
containers at a predetermined location within the inventory
management facility.

22. A control system for optimizing a location of one or
more containers in one or more stacks of an inventory
management facility, the control system comprising:

one or more containers in the inventory management

facility;

one or more servers; and

one or more container handlers operable within the inven-

tory management facility and configured to engage at

least one of the one or more containers, wherein the one

or more container handlers includes:

one or more sensors on the one or more container
handlers and configured to generate sensor data of at
least one of one or more containers, wherein the one
or more sensors comprises an image sensor config-
ured to generate container image data;
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one or more geolocation devices on the one or more
container handlers and configured to generate one or
more geolocation values for one or more of the one
or more container handlers or the one or more
containers or a combination thereof,

one or more wireless transceivers on the one or more
container handlers; and

one or more controllers on the one or more container
handlers, the one or more controllers coupled to the
one or more sensors, the one or more geolocation
devices, and the one or more wireless transceivers,
the one or more controllers configured to transmit the
sensor data and the geolocation value for the one or
more of the one or more container handlers and the
one or more containers to the one or more servers,

wherein the one or more servers includes one or more

processors and one or more non-transitory computer-

readable storage mediums storing instructions compris-

ing one or more algorithms that when executed by the

one or more processors cause the one or more proces-

sors to perform steps to:

generate a database associated with the sensor data, the
database comprising, for the one or more containers,
image data and geolocation data;

perform machine learning on the image data including
executing at least one of:

a first machine learning model comprising a neural
network trained to predict a location of text
sequences in the image data; or

a second machine learning model comprising a neu-
ral network for scanning the text sequences and
predicting a sequence of missing characters; or

a combination thereof;

perform optical character recognition (OCR) on the
image data; and

optimize a location of a container of the one or more
containers in the one or more stacks of the inventory
management facility based on the database.

23. The control system of claim 22, wherein the geolo-
cation value includes a latitude value, a longitude value, and
an altitude value.

24. The control system of claim 23, wherein the container
image data comprises container video data; and wherein the
one or more servers is configured to weight detected objects
in the inventory management facility based upon a number
of frames including the detected objects.

25. The control system of claim 22, wherein the server is
configured to identify the one or more containers based upon
the container image data.

26. The control system of claim 25, wherein the server is
configured to track one or more of a location or a movement,
or a combination thereof, of the one or more containers
within the inventory management facility.

27. The control system of claim 22, wherein a container
handler of the one or more container handlers comprises one
of a side loader, a reach loader, a reach stacker, a Rubber
Tired Gantry Cranes (RTG), or a crane loader.

28. The control system of claim 22, wherein the step of
optimizing the location of the container of the one or more
containers in the one or more stacks of the inventory
management facility includes:

performing machine learning on the database including

executing one or more machine learning models com-
prising one or more neural networks trained to predict
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an optimal location of the container of the one or more
containers in the one or more stacks of the inventory
management facility based on one or more predeter-
mined metrics and/or factors.

29. The control system of claim 22, wherein the one or
more servers are in communication with the one or more
container handlers and are configured to transmit one or
more operational values to a container handler of the one or
more container handlers to position a container of the one or
more containers at the optimal location in the one or more
stacks of the inventory management facility.

30. The control system of claim 29, wherein the one or
more servers are configured to transmit one or more opera-
tional values to the one or more container handlers to
re-position the one or more containers at one or more second
optimal locations in the one or more stacks of the inventory
management facility based on one or more other predeter-
mined metrics and/or factors.
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