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SYSTEMS AND METHODS _FOR OPERATING AND SERVICING VEHICLE 

CORNER MODULE 

BACKGROUND OF n-rn INVENTION 

[00 l] A large variety of vehicle models and specific vehicle platforms and a large number 

of vehicle pe1formance profiles and vehicle vvheels result in the need in a large number of 

specific designs and manufacturing of mechanical and electrical systems of a vehicles, which 

in tum result in increase in vehicle and vehicle parts manufacture and majntenance costs. 

[002] A vehicle comer module (VCM) system is disclosed comprising a sub-frame of 

interfacing between the VCM and a vehicle platfom1, a \Vheel interface for coupling a \Vheel 

to the VCM, one or more of VCM modules, ·which include mechanical assemblies and 

electrical units for operating a wheel when assembled on the vehicle and one or more 

electrical interfaces for exchanging signals and data between the VC.M modules and the 

vehicle platfom1. 

[003] In some embodiments the VCM further comprises one or more sensors for 

measuring operational data of the one or more VCJVf modules and a VCM controller in 

electrical connection ,-vith the one or more electrical interfaces and the one or more electlical 

units of the VCM modules. 

[004 l In some embodiments the VCM further comprises one or more of: a suspension 

module, a wheel driving module, a steering module, and a control module and the wheel 

dnving module comprises one or more of: an electric motor unit, a transmission unit and a 

braking unit. 

[005] In some embodiments one or more of the VCM modules are located between the 

wheel interface and the sub-frame. 

[006] ln some embodiments the one or more of the electrical units comprise a VCM 

module controller and the VCM module controller comprises integrated circuits having 

hardware :and software that control two or more VCM modules. 

[007] A vehicle is disclosed having one or more of the vehicle comer module described 

above. 
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[008] ln some embodiments the vehicle comprising a VCJVis control w1it (CSCU); and a 

platfonn-VCM bus for cormnunication between the vehicle and one or more of electrical 

circuits located in the VCMs. 

[009] In some embodiments of the vehicle the VCMs are in direct electrical 

communication, such that data can be exchanged between the VCMs bypassing the CSCU 

[0010] A method of activating a vehicle comer module (VCM) is disclosed comprising 

mounting the VCM on a vehicle platform, setting a VCM operational profile, and activating 

the VCM to be operational with the VCM operational profile. 

[ 0011] ln some embodiments the method further comprising matching bet,veen operational 

profiles of the VCM and the vehicle platform and setting of a VCM operational profile is to 

a matching operational profile of the VCM. 

[0012] In some embodiments the method further comprising matching benveen operational 

profiles of the VCM and the operational profiles of other VCMs coupled to the vehicle 

platfom1 and setting the operational profile of one or more of the VCMs coupled to the 

vehicle platfonn in accordance to the matching between operational profiles of the one or 

more of the VCMs. 

[0013] ln some embodiments the method further comprising receiving an operational plan 

defined for the VCM and setting VCM operational profile according to the operational plan. 

[00141 A method of sen1icing a vehicle having one or more vehicle corner modules (VCMs) 

is disclosed comprising receiving an indication that servicing of a system located in the 

VClVI is required, halting the operation of the vehicle, de-coupling the VCM from the 

vehicle, mounting a substituting VCM to the vehicle and reswning the operation of the 

vehicle. 

BRIEF" DESCRIPTION OF' THE URA WINGS 

[0015] The sul:ject matter regarded as the invention is particularly pointed out and distinctly 

claimed in the concluding portion of the specification. The invention, however, both as to 

organization and method of operation, together ·with objects, features, and advantages 

thereof, may best be understood by reference to the follovving detailed description when read 

with the accompanying drawings in which: 
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[0016] Figs. lA-lD depict schematic illustrations of various communication schemes 

bet,,veen parties associated with a vehide equipped with VCM, according io embodiments 

of the invention; 

[0017] Figs 2A-2C depict various embodiments of communication between a vehicle 

platfom1 and one or more V CMs, according to embodiments of the present invention; 

[0018] Fig. 2D is a schematic block diagram illustration presenting high-level topology of 

control units in a VCM-based vehicle, according to embodiments of the invention; 

[0019] Fig 2E is a schematic block diagram of software (SW) high-le,el scheme 240, 

according to embodiments of the invention. 

[0020] Figs. 3A-3G depict various mechanical-electrical configurations ofV CMs according 

to embodiments ofthe invention; 

[0021] Fig. 4A depicts a schematic 3D illustration of an embodiment of a VCM according 

to embodiments of the invention; 

[0022] Fig. 4B depicts a schematic 3D illustration of an embodiment of a VCM according 

to embodiments of the invention; 

[0023] Fig. 4C is a schematic block diagram of a storage unit for storing a VCM according 

to embodiments of the invention; 

[0024] Fig. 5 is a schematic flow diagram depicting steps involved m plugging a nevv VCM 

to a vehicle platfom1, according to embodiments of the present invention; 

[00251 Fig 6 is a chart detailing ,.vhich elements of a system that comprises one or more 

VCMs, are invol ,ed in the perfrmnance of each of certain operations that may take place 

during operation and maintenance of a vehicle having VCMs, according to embodiments of 

the invention; 

[0026] Figs. 7A and 7B are a schematic t1ow diagrams depicting processes of matching a 

newly installed VCM 'with a vehicle platform and with other VCMs, and optional additional 

process, respectively, according to embodiments of the present invention; 

[0027] Fig. 8 is a schematic fiow diagram depicting processes of calibrating a nev,ly 

installed VCM, according to embodiments of the present invention: 
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[0028] Fig. 9 is a schematic ±1ow diagram depicting a process of calculating operational 

parameters for a newly installed VCM, according to embodiments of the present invention; 

[0029] Fig. l 0 is a schematic flmv diagram depicting process fc)f adapting actual operational 

parameters based on predictive operational parameters, according to embodiments of the 

present invention; 

[0030] Fig. 11 is a tlov,- diagram depicting process for replacing a misfunctioning VCM, 

according to embodiments of the invention: 

[003 l] Figs 12A - 12C are schematic block diagrams depicting communication and control 

flmvs between units of a vehicle in some exemplary situations according to embodiments of 

the invention; and 

[0032] Fig. 13 is a schematic flmv diagram depicting process for operating VCM and 

communicating operational data, according to embodiments of the present invention. 

[0033] It ,vill be appreciated that for simplicity and clarity of illustration, elements shmvn 

in the figures have not necessarily been dravvn to scale. For example, the dimens10ns of some 

of the elements may be exaggerated relative to other elements for clarity Further, where 

considered appropriate, reference numerals may be repeated among the figures to indicate 

corresponding or analogous elements. 

DETA[LED DESCR[PTION OF THE PRESENT INVENTION 

[0034] In the follov,ing detailed description, numerous specific details are set forth in order 

to provide a thorough understanding of the invention. However, it will be understood by 

those skilled in the mi that the present invention may be practiced without these specific 

details. In other instances, weli-kno"'11 methods, procedures, and components have not been 

described in detail so as not to obscure the present invention. 

[0035] A vehicle comer module (VCM) is disclosed in accordance with embodiments of 

the present invention. A VCM may be adapted to connect a vehicle's wheel to a vehicks 

platform, for providing to the wheel one or more from the following capabilities: rotational 

power, bra.king, steering and suspension. 
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[0036] A VCM may operate driving systems of a vehicle by communicating operational 

data related to driving systems located at the VCM between the VCM and the vehicle 

platfonn. 1l1e VC:M may include a sub-frame fix connecting the VCM to the vehicle 

platfonn. A wheel inteiface for mounting a vehicle wheel to the VCM, mechanical and 

electrical driving systems for driving the vehicle platform, sensors for measuring operational 

data of the VCM and for refiecting that operational data to the VCM controller and 

optionally to the vehicle controller and transmit''receive unit to enable exchange of the data 

·with the vehicle controller. 

[00371 Control of the driving system of a VCM may be carried out by a control unit 

connected to one or more of the driving systems. Tiie control unit can be associated vvith 

each of the systems. In some embodiments, control units of two or more of the VCM systems 

may be embodied in a common control unit, which may be associated with multiple driving 

systems. Thus, a single controller can be associated with multiple VCMs thereby integrating 

units as opposed to distributed units) 

[0038] The VCM may comprise one or more modules from a list comprising a suspension 

module, a wheel driving module, a steering module and a control module. A driving module 

may comprise one or more units from an electric motor unit, transmission unit and braking 

unit A steering unit may comprise local steering actuator or i:nechanical steering connectors 

adapted to receive steering control from outside of the VClVL and optionally steering 

transmission unit. A control rnod1ue may be adapted to control all operational aspects of the 

VCM, such a<; wheel powering parameters (moment, speed, direction etc.), suspension 

darnpenmg dynamics, braking operation, steering operation, and the like. 

[0039] According to embodiments of the present invention a VCM may be adapted to 

interface with a vehicle mechanically and electrically and to interface with control signals 

of the vehicle. For example, the VCM may be adapted to be connected to the vehicle's 

platfonn and optionally to mechanically interface with steering controls provided by 

modules on the vehicle's platfmm. According to some embodiments the VCM may further 

be coupled mechanically with rotational power provided by modtues on the vehicle's 

platform. 

[0040] ln some embodiments the VCM may be adapted to receive electrical power provided 

by electrical modules on the vehicle's platform and to translate the electrical power to 
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rotational pmver provided to a wheel by, for example, an electrical motor comprised in the 

VCM. The provided electrical power may farther be utilized to produce steering control to 

the VCl\.t for ex,m1ple using an electrical steering module such as an electrical motor, with 

or \vithout steering 1nmsmission, an electrical Ji.near motor, and the like. 

[0041] In some embodiments the VCM may be adapted to engage with a vehicle's control 

module disposed on the vehicle's platform, for exchanging data and control commands, for 

controlling the wheel's rotation, braking, stee1ing and/ or suspension. In some embodiments 

a VCM may be configurable so as to match connecting to a given type of vehicle merely by 

data interaction between the vehicle controller and the VCM controller, at least with respect 

to control of momentary required driving povver, braking profile, dampening profile and the 

like. According to some embodiments the plugging of a VCM to a vehicle, or its unplugging 

from the vehicle may be communicated to an external control unit. 

[0042] A VCM module may be coupled to a vehicle's platfom1 by mechanical means, 

electrical power rneans and control means. The coupling may be configured to operate by 

plug-in/ plug-out means, in order to enable quick yet accurate installing/ removing a VCM 

unit. Mounting of a VCM unit to a vehicle causes one or more of the results: coupling a 

yvheel transmission to the vehicle platfom1; coupling a braking system to the vehicle·s 

platfonn; coupling a suspension system to the vehicle's platform; coupling a steering system 

to the vehicle's platfom1; and coupling a wheel motor to the vehicle's platfonn. 

[0043] According to embodiments of the invention mounting of a VCM onto a vehicle 

platfom1 yields placing the vehicle and the VCM in a mechanical and electrical operational 

state, including required tunings and adaptations, such as adapting the dynamics of the just 

installed VCM (momentary driving moment, aligned steering. coordinated suspension, and 

the like) to the vehicle's other VCMs and vehicle platform. In some embodiments the VCM 

ov,11 performance parameters may be transmitted to the vehicle platform in order to enable 

bringing the installed VCM to full coordination ,:vith the vehicle other system;. 

[0044] During installation of a VCM to a the VCM may perfonn a hand-shake process with 

a controller of the vehicle platform. In some embodiments, the handshake process includes 

data exchange 'with other VCMs of the vehicle. In some embodiments, the handshake may 

include communication ·with an external computing unit located avvay of the vehicle (e.g. 

external computer, connection to remote computing tmit via cloud service, etc.). 
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[0045] Once installation is completed, a control system of the vehicle platform is in 

communication with the connected comer module and can communicate data and/or power 

to and from the comer modules to operate the comers by systems such m; steer-by-wire. 

torque vectoring, brake-by-vvire, yaw stability control systems (such as ESP systems). 

[0046] Data exchanged betv-1een computing units on the vehicle platfom1 and a VCM can 

include data representative of health monitoring and associated with preventative 

maintenance. 

[0047] Data exchanged between computing units on the vehicle platfonn and a VCJVr can 

include VCM module identity number (ID) to uniquely identify the VCM, VCM model. 

VCM systems, and VCM capabilities/specifications. TI1e exchanged data may further 

comprise vital sensor readings (errors, current lifetime status of components such as 

bearings, seals, oil levels, brake pads, air pressure, etc.). 

[0048] An aspect of the invention relates to calibration of a VCM. Calibration can be 

performed after mounting the VCM on the vehicle platform. Calibration can be performed 

as a scheduled process. Calibration may further be performed in accordance to updated 

operational parameters of the vehicle and/or the VCM and/or VCMs. Calibration may 

include measuring, diagnosing and updating one or more of the following parameters of the 

VCM: orientation of wheel m01mted on the VCM (caber, caster, toe angle), braking 

perfonnance in response to a given breaking input value, and vibrations of one or more of 

the assemblies of the VCM. 

[ 0049] According to embodiments of the invention operation of a VCM may be performed 

adaptively based on VCM lifecycle, on data received from the VCM and based on operator's 

settings. 

[0050] ln some embodiments the actuators included in a VCM may be electrical and/or 

hydraulic actuators. One or more electrical motors powering the driving systems in the wheel 

may be located at a VCM. Power source can be located in the VCM or outside the VCM. 

When a hydraulic power source is located outside the VCM, the VCM may include hydraulic 

control/power actuators/transmission to operate the di·iving systems ancVor the steering 

systems. \Vhen a hydraulic power source is located inside the VCM located inside the wheel, 

drivmg transmission may be smaller or not required at all 
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[0051] ln some embodiments computing load associated ·with a vehicle having installed 

thereon at lea-;t one VCM may be separated behveen com puling units oflhe vehicle platform 

and cornputing 1mits included in the VCM 1mit (when the VCM is installed with computing 

unit(s)), as the case may be, so as to ensure that the aggregated computing capability is 

sufficient. A minimal computing duty for a computing unit in the VCM may be collecting 

and pre-processing sensors' data from the various sensors in the VCM and providing the 

pre-processed data to computing unit of the vehicle platfonn and further receiving flmv of 

control signals provided by the computing unit of the vehicle platfom1 and distributing the 

signals to various actuators. 

[0052] In some embodiments follmving the connection (or assembly of) a VCIVJ to the 

vehicle platform, a data connection may be established between the parties and 

autonomously the newly installed VCM may be recognized and may be placed in an 

operational state, ,vithout the need of a human involvement Embodiments involving 

relatively high computing pmver at the VCl'VJ side enable high capability of upgrading the 

VCM operational featmes without overloading the vehicle platform computing unit. ln some 

embodiments the operational profile of the vehicle nay be administered by the computing 

unit of the VCM. Fmther, high computing capabilities of the computing unit of the VCM 

enables production ofVCMs '..Vithout affecting production of the vehicle platform. 

[0053] In some embodiments a VCM may be in active communication not only vvith the 

vehicle platform but also v<'ith at least one other VCM. Such state is referred to as inter­

connected VCMs. VCM of a vehicle may be aH of the same type, or may differ having same 

type at the front and having another type at the rear of the vehicle. In some other 

embodiments VCMs of one side may be of the same type and VCMs of the other side may 

be of a different type. For example, in a specific type of vehicle the front VCMs may be 

steerable and motorized while the rear VCMs may lack steering and motorizing capabilities. 

In another example, the VCMs may differ from each other by the sensors they are equipped 

with. ln such embodiments V CMs that have more sensors may communicate relevant data 

to VCMs lacking these sensors. 

[0054] In some embodiments the vehicle may be fully controlled through all aspects of the 

vehicle operation where all computing "vork is carried out by one or more of the computing 
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units of the V CMs, ,,vith no computing unit on the vehicle platfonn. ln some embodiments 

the vehicle may be controlled rernoteiy, fully or partially, e.g. an autonomous vehicle. 

[0055] A VCM - based vehicle may reduce routine or breakdov,m servicing time and costs 

by replacing traditional maintenance routine involving maintenance by the sub-module 

(brakes, steering, etc) ·with replacement of the VCM in which one (or more) functions are 

misfunctioning ·with a fully functional VCM that may be selected to fit the type of vehicle 

mechanically while all other aspects of its operation may be tuned to fit the vehicle using 

data exchange between the newly installed VCM and the entire vehicle and their VCMs. 

This process may take from few seconds to up to few minutes, thereby keeping the in-garage 

dovvn time of the vehicle to minimum, 'vvhile the misflillctioning VCM may be maintained 

after the vehicle leaves the garage. The simplicity associated with the dismantling or 

assembling a VCM from/ to a vehicle platfom1 enables use of robotic equipment for carrying 

out the job, thereby expediting the process even more and reducing the man-labor hours 

According to this embodiment maintenance may require less training and proficiency and 

even may be carried out by the operator of the vehicle at his/her own home garage. Fruth er. 

a vehicle may be upgraded by upgrading its VCMs, without needing to change the vehicle 

platform. Tn addition, insurance of the vehicle may be changed from whole-vehicle model 

to VCM-based model of insurance. 

[0056] In this type of embodiments, replacement of a VCM may involve the following 

steps: unfastening the VCM from the vehicle platform, disconnecting the 

electrical/communication connection(s) if any, positioning the replacement VCM and 

fastening it to the vehicle platfonn, re-connecting the electrical/communication 

connection(s) and allmving the ne\vly installed VCM to autonomously complete its fitting­

in process, carried by connecting to other VCMs and/or to the vehicle platform computing 

unit 111is replacement process may be carried out by any one of a servicing professional, an 

untrained operator, or a robotic system. 

[0057] VCMs that are stored on shelves \Vmting to be used in a vehicle may be tested for 

proper operational state periodically or by demand. The in-store VCM may be connected to 

a testing facility that many imitate full connection of the tested VCM to an operative vehicle 

and may iJtject test signals to the tested VCM and monitor the received signals, received 

·wither from in-VCM sensors or external sensors being part of the testing facility. 111e test 
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procedure may end with go/no-go of the tested VCM or may also add test brief that may be 

provided to the operator and also be saved in the computing unit of the tested VCM, thereby 

making the tuning of the VCM after it ,,vas installed on the ·vehicle faster and more accurate. 

[0058] The testing procedure may be adapted to perfom1 one or more of the follo\\ing test 

protocols: testing a single system of the VCM, testing multiple systems of the VCM, testing 

two or more of the VCM systems in an operational scenario involving combined operations 

of the systems (e.g. steering whi.le chanr:,-.i_ng speed), repetition of the test for a number of 

times and,,or in a changing rate, and testing the VCM according to given driving profile. 

[0059] Cost of usage of a VCM may serve for business transactions such as rental of 

vehicle, rental of corner modules, service plans, subscription services. Some examples of 

operational parameters are: distance traveled, hours used, accelerations (max, frequency) -

data that can correlate ¥.ith VCM wear rates. Operational data may be compared to 

operational planned values. Planned values may be part of a business plan defined for the 

VCM and/or vehicle, e.g during purchasing the VCM, renting the VCM, 

purchasing/subscribing to service plan for the VCM. financial data may relate to 

information used in insurance plan. Insurance plan can be of a comer module and/or vehicle. 

Insurance plan cost may be based on historical data of the VCM. According to some 

embodiments, operation of1he VCM rnay be controlled according to financial data.. In some 

embodiments, performance (operational profile) of the VCM is selected as a dependency of 

selected plan. In some embodiments, perfom1ance (operational profile) of the VCM is 

selected a<; a dependency of actual VCM data with respect to preceding plan. Operational 

profile may be set to be reduced/increased. 

[0060] Some embodiments of a VCM. VCM uses. VCM as part of a vehicle and the like 

a.re described herein below with regard to the foliowing drmvings. 

[00611 Reference is made nmv to Figs. 1A-1D, that depict schematic iliustrations of various 

communication schemes bet\veen parties associated with a vehicle equipped vvith VCM, 

according to embodiments of the invention. Fig. ] A depicts a basic communication scheme 

100 between a VCM l 04 and a vehicle platform 102, which enable exchanging povver and 

signals associated with the operation of the VCM motor, steering, braking, suspension and 

VCM computing unit Signals may comprise control signals and data signals. Fig. l B depicts 

a basic communication scheme 110 between a VCM l 04, a vehicle platform 102 and an 
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external computing unit l 06. Signals and power that may be exchanged bet,veen the vehicle 

platform 102 and the VCM 104 may be the same as described above with respect to Fig. 1 A. 

Additionally VCM 104 and vehicle platfom1 J 02 rnay exchange data ·with external 

computing unit 106, for example for storing data for later use, or for receiving stored data, 

or for ei:tjoying added computing power. 

[0062] Fig. lC depicts a basic communication scheme 120 between a VCM 104, a vehicle 

platform 102, an external computing unit 106 and one or more additional VCMs 108. Signals 

and power that may be exchanged between the vehicle platform l 02, V CM 104 and external 

computing unit 106 may he the same as described above with respect to Fig 1 B. 

Additionally, one or more other VCIVJs 108 that are in active communication with vehicle 

platfom1 102, as is VCM 102, may optionally be in communication with VCM 102 (i.e. 

inter-VCM communication) and/or with external computing unit 106. 

[0063] Fig. 1D depicts a ba-;ic communication scheme 130 between a VCM 104, a vehicle 

platform 102, an external computing unit 106 and service station l 10. Signals and power 

that may he exchanged between the vehicle platfonn 102 and VCMs 104 may be the same 

as described above with respect to Fig. lA. Additionally, a service station may establish 

active communication with either one of vehicle platfom1 102, VCMs 104 and/or external 

computing unit 106. Signals exchanged between the service station 1 l 0 and either one of 

vehicle platform 102, VCMs 104 and external computing unit 106 may comprise VCM 

related data, vehicle related data and other 1-ype of data associated with the vehicle platform, 

and the VCMs. Such data may be useful for servicing a malfunctioning VCM, for updating 

health record of a serviced VCM, for efficient tuning a VCM to a specific vehicle and the 

like. 

[00641 Figs. 2A-2C depict various embodiments of comrntmication between a vehicle 

platfonn ood one or more VCMs, according to embodiments of the present invention. 

[0065] Reference is made to Fig. 2A, ·which depicts a schematic electrical diagram 200 of 

connections bet\veen units on the vehide platfonn 202 and a VCM 204. A power source 

202A may be located on the vehicle platform, adapted to provide power to consumers on the 

platform 202 and/or in the VCM 204. A VCMs control unit (CSCU) 202B rnay be located 

on the platform 202 and may comprise a VCMs data processor 202Bl and a VCMs 

controller 202B2. VCM 204 may comprise one or more control units from the group 204A 
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that may comprise a suspension control unit (SCU) 202Al, a braking control unit (BCll) 

202A2, a transmission control unit (TCU) 202A3 and a steering control unit (STU) 204A4. 

VCM 204 may further cornprise a VCM controller 204C that is adapted to communicate 

,vith all other VCM sub-system control units and '"'ith VCM sensors 204B. VCM controller 

204C may be in active communication with VCM systems control unit 202B. This scheme 

enables flow of control and data between the vehicle platfrmn 202 and a VCM 204. 

[0066] According to some embodiments, one or more of the control units 204A are designed 

to have merged components and functionality ln some embodiments, mer.r:,ring control units 

is by sharing processing algorithms having shared operational parameters (e.g. rotational 

speed). In some embodiments, merged control units share power source. In some 

embodiments, merged control units receive input from a common set of sensors (e.g. sensors 

included in 204B). In some embodiments, merged control lU1its are accommodated ·within a 

common mechanical compartment. In some embodiments, merging control units reduces 

the size of control units located within VCM 204. 

[0067] According to some embodiments, one or more of control units 204A are positioned 

·with VCM 204 by using potting technique, such as the control unit does not require external 

housing besides of being supported at the mechanical structure of system on VCM 204. 

[0068] Reference is made to Fig. 2B, which depicts a schematic electrical diagram 210 of 

connections between units on the vehicle platfonn 202 and more than one VCM 204. On the 

vehicle platform 202 power source 202A may be identical or similar to that of Fig. 2A 

VCMs control unit (CSCU) 212B may comprise, additional to processor 212Bl, that may 

be identical to processor 202BJ of Fig. 2A also i/0 unit 212B3 and data storage 212B4. IiO 

unit 202B3 may be adapted to communicate over a platform-VCM bus 213. Each of VCM 

units 204 may comprise, in addition to controller (CCU) 204C and sensors unit 204B -- both 

may function sirnilar to controller 204C and sensors 1mit 204B of Fig. 2A. additionally, 

VCM 204 may comprise data storage 204D. ·1nis scheme enables flovv of control and data 

between the vehicle platform 202 and a two or more VCMs 204 and further enables flow of 

control and data between VCMs directly. According to some embodiments, two or more of 

the control units in each VCM 204 may be embodied in a single computing unit. 

[0069] Reference is made to Fig. 2C, which depicts a schematic electrical diagram 210 of 

connections benveen units on the vehicle platform 202 and more than one VCM 204 using 
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separated communication buses 213 and 223. The control units on vehicle platform 202 may 

be identical to the corresponding units of Fig. 2B. the control units in each VCM 204 rnay 

be identical to the respective control units of VCM 204 of Fig 2B. In contra5t to the 

communication scheme of Fig. 2B, here another communication bus is in use-VCM-VCM 

bus 223 that enables direct communication between tvvo or more VCMs vvith no 

involvement of CSCU 212B of the platform. Each of the VCMs may be connected to the 

platform-VCM bus 213 and to the VCM-VCM bu5 223 via connector 214.E. This scheme 

enables flmv of control and data betv-1een the vehicle platform 202 and a two or more VCMs 

204 and further enables flow of control and data between VCMs 204 directly. 

[0070] Reference is made now to Fig. 2D, which is a schematic block diagram illw,trntion 

presenting high-level topolor:,·y of control units in a VCM-based vehicle 230, according to 

embodiments of the invention. Vehicle 230 may comprise four VCMs installed to its vehicle 

platfom1, namely VCMs L 1 and L2 on the left side and VCMs R 1 and R2 on the right side 

Each of the VCMs may be in active communication \vith central electronic control unit 

(ECU) 231. ECU 231 may be a VCMs control unit (CSCU) described elsewhere herein. The 

communication between each of the VCMs and ECU 231 may be adapted to exchanged 

data., control signals, and reflect errors occurring during the operations phases of the VCM 

and status of the VCM. 

[0071] According to some embodiments the vehicle in Fig. 2D may be an autonomous 

vehicle. In this embodiment, a Main Autonomy Computer 233 is installed on the vehicle and 

is in active communication v,-ith central ECU 231, adapted to exchange control, error and 

status signals. In some embodiments, vehicle may be human driven, and a Main Autonomy 

Computer 233 may be included as driver assistance system. 

[00721 TI1e configmation depicted in Fig. 2D does not show direct communication between 

the VCMs. A potential advantage of having VCMs that don't communicate \vith each other, 

is that control is done via Central ECU 231. In some cases, this simplifies the prevention of 

sending confllcting signals, for example conflicting steering angles. 

[0073] Yet, in some embodiments a VCM-to-VCM bus (such as bu<; 223 of Fig. 2C) may 

be provided, to enable faster data exchange, improved level of redundancy, and/or 

distributing computing overload between processors. 
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[0074] Reference is made now to F'ig. 2E, which is a schematic block diagram of software 

(SW) high-level scheme 240, according to embodiments of the invention. SW scheme 240 

depicts division of SW assigrnnents between SW modules of a ·vehicle equipped ·with one or 

more physical modules ·where at least one of these modules is con1Tolled by a dedicated S\V 

module. In SW scheme 240 each of physical modules: steering module, power module, 

pmvertrain module, thermal cooling module and brake module has an associated SW 

module, adapted to provide control signals to control the operation of the associated physical 

module, and to recerve from the module reading of sensors monitoring the operation of the 

physical module. Accordingly, steering SW module 241, power SW module 242, pmvertrain 

SW module 243, suspension SW module 244, thermal cooling SW module 245 and brake 

SW module 246 are adapted to provide control signals, each to its respective physical 

module and to receive from its respective physical module sensors signals reflecting the 

operation of the associated physical module. 

[0075] Each ofthe SW modules may be in active communication with centn.tl SW module 

248, which is adapted to receive control. status and error data from each of the SW modules. 

to store it and optionally to process the received data according to program lines stored 

thereon in a non-volatile memory (not shoyvn) Central S\V module 248 may be in active 

communication ,vith vehicle control unit (not shmvn), for example according to one or more 

of the control schemes described elsewhere herem. Central SW module 248 is adapted to 

receive control signals from an external control entity (not shmvn), such as Autonomous 

Control unit (not shO\vn) In some embodiments each of the S\V modules may be operated 

on a dedicated computing device (not shovvn) that may be disposed on, or in close proximity 

to the physical module it is adapted to control. This 'way, the respective HW/S\V module is 

capable of full replacement ability sirnply by the removal of the associated module and 

replacing it with ,mother such module. Tn other embodiments two or more of the SW 

modules may be embodied on a single HW platfom1, e.g. that is disposed on the vehicle 

platfom1. In some embodiments the HW modules of the physical .modules may be identical 

to each other and may vary only by the SW package loaded to the I-fW module. TI1is 

anangement may save costs, may lower the number of on-the-shelf spare modules and may 

shorten the time needed for removal, installation and SW load-and-tune time. 
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[0076] F'igs. 3A-3G depict vanous mechanical-electrical configurations of VCMs 

according to embodiments of the invention. In !he following examples various partial 

combinations of units of a VCM are shov,11. 

[0077] Reference is made now to Fig. 3A, vvhich schematically depicts an isometric drawing 

of as-installed 'with a wheel VCM 300. VCM 300 comprises electrical motor 300A d1iving 

a suspension unit with drivetrain unit 304B, which are adapted to rotate the wheel. 

Additionally, in this embodiment rotation sensor 306 may be installed at the wheel bearing 

to ret1ect the rotational speed of the wheel. Electrical motor 304A may be connected to 

electrical pm,,.'er source via pmver connection 304A 1. 

[00781 Reference is made now to Fig. 3B, which schematically depicts an isometric drawing 

of as-installed within a wheel VCM 310. VCM 310 comprises steering assembly 310A, 

suspension assembly 31 OB, and braking assembly 31 OC enclosed at least partially within a 

rim of a wheel. Steering assembly 31 OA may comprise, according to embodiments, steering 

rod 3JOA 1, steering motor 31 OA2 and steering control unit 3 lOA3. Steering assembly 3lOA 

is adapted to receive steering control signals from steering control unit 3 lOA3. In some 

embodiments, steering control unit 31 OA3 receives steering control signals from a central 

controller on a vehicle platfom1 or from a VCM. Suspension system 310B is depicted a<, 

system enabling movement of the wheel with respect to a vehicle platform. StL'ipension 

assembly 310B may comprise sub-frame 31082 in which rail 31081 is moveable. 

Suspension assembly 3 lOB may further comprise a sensor (not shown) that is adapted to 

measure suspension expansion/compression. 

[0079] Figs. 3C and 3D are face 'View and side cross section Yiew of the VCM embodiment 

of Fig. 3B, respectively. In Fig 3C some detail of braking assembly 310C are shown. 

comprising braking actuator 31 OC 1 and braking control interface 31 OC2. Fig. 3D depicts 

another view of sub frame 310B2 and rail 3 lOB1 of suspension assembly 3 lOB. 

[0080] Reference is made to Fig. 3E shmving a top cross section view ofVCM 320 installed 

at least partially 'Within a 1im of a wheel, according to embodiments of the invention. VCM 

320 may comprise motor 320A ·with control unit 320A l and motor electrical connection 

320A2 io receive po-wer supply from a ,ehide platform. VCM 320 further comprises pO\Yer 

transmission 320D to provide rotational drive to the wheel interface320C and steering 

assembly 320B. The ,vheel inte1face may comprise rotation sensor (not shmvn), to provide 
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data indicative of the rotat10nal speed. Electrical and conummication cable 320A2 may 

provide the required connections to the vehicle platform and/or to other VCMs. In some 

embodiments VCM control unit 320E may be installed as part of VCM 320 systems. 

Electrical and control connections of steering assembly 320B may be connected to control 

unit 320E. 

[ 0081] Reference is made to Fig. 3F showing schematic side cross section view of VCM 

330 at least partially installed ,,.,-ithin a rim of a wheel, according to embodiments of the 

invention. Fig. 3F depict an embodiment of VCM 330 cornpiising a combined drivetrain 

and suspension 330B adapted to rotate the wheel via driving shaft 330B1. Electrical and 

communication cable 330D may provide the required connections to the vehicle platform 

and/or to other VCMs. In some embodiments control unit 330C may be installed as part of 

VCM 330 systems. ln case when the embodiment comprises steering capability (not shmvn) 

its electrical and control cables may be connected to control unit 330CReference is made to 

Fig. 3G showing schematic side view illustration of VCM 340 installed at least partially 

within the rim of a wheel according to embodiments of the invention. VCM 340 may 

comprise a motor 340A, a suspension assembly 340B, a VCM control unit 340C, a brake 

actuator 340D connected via connection 340Dl to VCM control unit 340C and rotation 

sensor 340E that may be disposed at the wheel bearing. VCM 340 may be connected 

mechanically to vehicle platform via an interface module 342. Any one of motor 340A, 

rotation sensor 340E, brake actuator 340D, and suspension assembly 340B may be 

connected and controlled by VCM control unit 340C. Tn some embodiments, any one of 

motor 340A rotation sensor 340E, brake actuator 340D, and suspension assembly 3408 is 

cmmected to a designated control unit connected and controlled by VCM control unit 340C. 

[00821 Reference is made now to Fig. 4A, which depicts a schematic 3D illustration of an 

embodiment of VCM 400 according to embodiments of the invention. VCM 400 comprises 

motor and motor control unit 400A power train 400B, suspension assembly 400C, steering 

control unit and steering actuator collectively numbered 400D, braking unit 400c and wheel 

interface 400F. at least part ofVCM 400 is adapted to be comprised 'within the rim of vehicle 

when it is installed on ,vheel interface 400:F. Any one of a rotation motor unit 400A sensor 

(not shavvn), brake unit 400E, and suspension assembly 400C may be com1ected and 

controlled by a VCM control unit (not shown). In some embodiments, any one of the motor, 
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the brake, and suspension assembly may be connected to a designated control unit ,vhich 

may be connected and controlled by the VCM control unit (not shown). 

[0083] Reference is made now to Fig. 4B, which depicts a schematic 3D illustration of an 

embodiment ofVCM 410 according to embodiments of the invention. VCM 410 depicts an 

in-wheel unit for attaching to t'wo wheels. VCM 410 comprises motor and motor electrical 

connections 410A adapted to drive two wheel interfaces 410D via drivetrains 410C. VCM 

410 further comprises suspension assembly 410B which may comprise suspension control 

unit 410B1, suspension movement sensor 410B2, and suspension spring-and-damper 

41083 VCM 410 may be connected to wheels via wheel interfaces 410D and may be 

mechanically connected to a vehicle platform via interface 412. VCM 4 l O may be controlled 

by VCM control unit 411. Any one of motor 410A. and suspension assembly 419B may be 

connected and controlled by V CM control unit 411. In some embodiments, any one of motor 

341 OA and suspension assembly 4 l OB is connected to a designated control unit (such as 

suspension control unit 410BJ) connected and controlled by VCIVJ control unit 411. 

[0084] Reference is made no,v to :Fig. 4C which is a schematic block diagram 450 of 

storage unit 452 for storing VCM 454, according to embodiments of the invention. VCM 

454 may be similar to any one of the VCM described above, for example, VCM 204 that 

was described in Fig. 2A, having VCM controller 454C that rnay be in active cornmunication 

,vith sensors unit 454A and ,vitb the follovving active systems: suspension control unit (SCU) 

45481, braking control unit (BClJ) 45482 and steering control unit (STlJ) 454B3 and wheel 

driving control unit 454B4. 

[0085] VCM 454 may be adapted to be mounted in storage unit 452 via one or more 

mechanical mounts 452A and at least one electrical and control connector 452B. Any one 

of mounts 452A may he adapted to support the weight ofVCM 454 within storage unit 452. 

In some embodiments, one or i:nore of mounts 452A contain electrical circuit. 

[0086] According to some embodiments, storage unit 452 may be provided with controller 

and control programs (not sho\\cn) adapted to pertonn health tests to the VCM 454 when 

stored within storage unit 452, as explained herein above. Storage unit 452 may fmther 

comprise local output unit 452C (e.g. display, ·wireless transmitter/receiver, etc) that may 

provide VCM test results and enable control of test parameters. One or more mounts 452A 

may include or comprise one or more form the following sensors: vibration sensor. 
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mechanical load sensor, mechanical moment sensor, and the like. Tests may be perfonned 

by activation one or more of the VCM systems according to the test scheme. The testing 

results may be recorded by the VCM sensors 454A and/or by sensors included in mrnmts 

452A. 

[0087] Storage unit 452 may be a container having a plurality of walls 450a, 450b, 450c, 

450d. Storage unit 452 may be shaped to fit a VCM 454 or may be designed to be adjustable 

( e.g. by adjustable mounts 4.52A) to fit a plurality of VCM types. Storage unit 452 may be 

shaped and sized to accommodate a plurality of VCMs 454 as once. Storage unit 452 may 

be stationary or may be adapted to be mobile. 

[00881 Reference is made now to Fig. 5, which is a schematic tlow diagram depicting steps 

involved in plugging a VCM to a vehicle platfonn, according to embodiments of the present 

invention. A VCM may be plugged to the vehicle platform in step 502. In some 

embodiments, plugging step 502 is of a new VCM, not mounted earlier to the vehicle 

platform. In some embodiments, plugging step 502 is of a VCM, wfoch has been installed 

on the vehicle platfom1 in the past. According to some embodiments, plugging is by a human 

operator ( e.g. technician, driver, fleet professional). ln some embodiments, plugging is by a 

robotic system. The VCMs operational profile data is received by the platform in step 504. 

[0089] TI1e VCM version is checked in step 506. TfVCM validation fails, a notice is issued 

in step .506a. Failure notice may be provided to an operator and may be visual or by sound. 

Failure notice may be an output transmitted to another device. Failure notice may be 

provided by the VCMandior by the vehicle platform, and/oradevice connected to the VCM. 

Tn some embodiments, if the VCM version needs lo be updated an update takes place at step 

506b. 

100901 The VCM profile and the platform profile are matched in step 508 and if matching 

fails this is reported in step 508a In some embodiments, reporting 508a is followed by 

unplugging of VCM and terminating the plugging a VCM to a vehicle platform process. 

Reporting .508a may be to an operator and may be visual or by sound. Reporting 508a may 

be an output transmitted to another device. Reporting 508a may be provided by the VCM 

and/or by the vehicle platfr1nn, and/or a device connected to the VCM. 

[0091] At step 510 the nevvly installed VCM is activated using a profile that matches the 

vehicle's profile. According to some embodiments, a profile is selected from profiles 
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database stored at the VCM. ln some embodiments, profiles database is stored at the vehicle 

platform. ln some embodiments, profiles database is stored at a remote storage unit ( device, 

computec cloud). According to some embodiments. selected operational profile includes 

acti.vating/deactivati.ng of system related to steering and/or braking and/or driving of the 

VCM. According to some embodiments, profile includes operational parameters that fit the 

performance of the vehicle. In some embodiments, profile includes operational parameters 

that fit a driver profile In some embodiments, profile includes predictive operational 

parameters according to planned operation of the vehicle ( e.g. time, distances, speed, 

yveather, road conditions). 

[0092] TI1e VCIVJ historical data may optionally be loaded at step 512. In some 

embodiments, historical data may be operational data of the vehicle platfonn. In some 

embodiments, historical data may be operational data of the VCM. 1n some embodiments, 

historical data may be of planned operation of the vehicle In some embodiments. loading 

historical data 512 is follmved by analyzing 513 the historical data. In some embodiments, 

a warning is provided ·when analyzing 513 results in conflicting with expected operation of 

the VCM and/or the vehicle platform (e.g. time to maintenance is shmi to allow predictive 

operation). 

[0093] After the VCM has been activated, its profile is matched with those of other VCMs 

of the vehicle at step 514. According to some embodiments, if a mismatch is found i.t i.s 

reported in step 514a (reporting method can be similar to those listed above). 

[0094] At step 516 the profile of the nevv VCM is adjusted to those of the other VCMs of 

the vehicle. 

[0095] At step 518 the profiles of the other VCMs are adjusted to that of the new· VCJ\!L 

thereby creating closed loop, until a required adjustment has been achieved. When 

adjustment ofall VCMs has successfully finished the activation of the newly installed VCM 

becomes operational at step 520. 

[0096] Reference is made now to .Fig. 6, w-hich is a chart detailing which elements of a 

system that comprises one or more VCMs, are involved in the performance of each of ce1iain 

operations that may take place dw-ing operation and maintenance of a vehicle having VCMs 

. according to embodiments of the invention. 
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[0097] Reference is made nmv to ]figs. 7A and 7B, ,vhich are a schematic flmv diagrams 

depicting processes of matching a newly installed VCM vvith a vehicle platform and with 

other VCMs, and optional additional process, respectively, according to embodiments of the 

present invention. A nevv VCM is plugged to vehicle platfom1 in step 702 and a controlling 

unit at the VCM is activated in step 704. 'foe VCM may be validated by one of a 

remote/external computer, by the vehicle platform controller or by a remote, in-cloud service 

in step 706. The VCM"s infonnation is transmitted to the vehicle platform controller in step 

708 and then it is transmitted to other VCMs of the vehicle in step 710, to finish the process. 

[00981 TI1e following steps (712 -- 716) are optional: in step 712 data from the other VCMs 

may be received and in step 714 the operational profile of the newly installed VCJVT may be 

set based on data from the other VCMs. lfhistrnical info of the nevv VCM is required it may 

be loaded in step 714a, in order to optirnize the results achieved in step 714. Finally, in step 

716 operational parameters of the VCMs are calibrated to match operation with the vehicle 

systems. 

[0099] Reference is made now to .Fig. R which is a schematic How diagram depicting 

processes of updating operational VCM installed on the vehicle platfom1, according to 

embodiments of the present invention. Vv11en a VCM is installed and activated, the 

operational parameters ofihe vehicle may be updated (step 802). Updating step 802 may be 

during the operation of the vehicle, e.g. changing speed and or steering, while driving. 

Updating may be as part of servicing procedure. 

[00100] Updating 802 is followed by identifying (step 804) one or more of the 

systems of the one or more VCMs that may support the required updated operational 

paran1eters of the vehicle. 

1001011 Updated parameters are now computed for the identified VCM systems (step 

806) The computing may be done by computing units on the vehicle platform or at the VCM 

as the case may be. Following the computing step 806 operational parameters fix actuating 

one or more of the systems in one or more VCMS are updated (step 808). After the update 

step 808, the VCM systems are actuated (step 810) and approval of successful actuation of 

systems of the VCM is provided to the vehicle platform and/or the other VCMs (step 812) 
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[00102] One or more of the steps of identifying 804, updating 808, actuating 810, and 

approving 812, may include data exchange between VCM and VCM systems control unit 

are described elsewhere above. 

[00103] Reference is made now to Fig. 9, w-hich is a schematic flow diagram 

depicting a process of updating operational parameters for an installed VCM, according to 

embodiments of the present invention. 

[00104] Target operational profile set is received from the vehicle operator (step 

902). Target operational profile may be provided drning one or more of the operations of the 

vehicle, a servicing procedure, and an initial activation. 

[00105] Setting target profile (902) is followed by rece1vmg (904) of current 

operational profile of the vehicle from the vehicle platform controller and/or from the one 

or more controlling units of the one or more V CMs. 

[00106] Based on the above target VCM operational parameters and current 

operational profiles, target operational profile parameters may be calculated (step 906). 

Calculating 906 can be by computing tmits located at the vehicle platform, the VCM, and/or 

a remote computing unit 

[00107] The calculated operational paran1eters may be distnbuted (step 908) to one 

or more control units in one or more VCMs control units may transmit updated actuation 

signals to the systems in the VCMs in accordance to the target parameters ·values. 

[00108] Reference is made now to F'ig. 10, vvhich 1s a schematic flow diagram 

depicting process for adapting actual operational parameters based on predictive operational 

parameters, according to embodiments of the present invention. The process may begin by 

receiving data indicative ofthe VCM required perfonnance (step l 002) and continues ·with 

estimating of the predictive operational performance of the VCM (step 1004) 

[00109] Next, based on the previous steps it is detem1ined whether the VCM is able 

to achieve the predicted performance (step 1006). At this step updated operational 

parameters may be calculated in order to achieve the predictive data (step lOOGa) and 

optionally the predictive data is update accordingly (step 1006b). 

[00110] Activation instructions that may be based on the calculated updated 

predictive data may now be sent to the one or more VCMs (step 1008) and be determined 
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again, in dosed loop, in step 1006. ln case calculating l 006a results in a failure of providing 

updated operational parameters, failure is provided. One or more of the steps of determining 

!006 and calculating 1006a can be by the computing tmits located at the one or more of 

vehicle platfonn, the VCM, and/or a remote computing unit 

[00111] Reference is made now to F'ig. 11, which is a flow diagram depicting 

process for replacing a VCM, according to embodiments of the invention. 

[00112] A VCM may be identified as requiring replacement, for example in one of 

the following paths: a mismatch has been detected between the target operational parameters 

of the VCM, and the actual operational paran1eters, that exceeds a pre-detennined threshold 

(step 1102A), in case the expiration of the VCM has been detected (step 1102B) or in case 

a change in the planned service program has been detected (step 1102C). 

[00113] lf it was determined that the VCM need to be replaced a signal expressing 

''replacement is required" ·will be issued (step 1104) and the operation mode of the vehicle 

will be set to service mode (step 1106). 

[00114] TI1e misfunctioning VCM is removed from the vehicle platfbrm (step 1108) 

and according to its actual state it may be discarded (step 11 lOA) or be serviced (step 

1110B). 

[00115] Regardless of the actual state of the removed VCM, a replacement VCM 

may be mounted to the vehicle platform and is activated (step 1l 12) and the replacement 

operation resumes (step 1114). 

[00116] Reference is made nmv to Figs. 12A-12C, which are schematic block 

diagrams depicting communication and control Hows between units of a vehicle in some 

exemplary situations according to embodiments of the invention. In all three examples a 

vehicle platfonn may be equipped at least lVith pmver source and VCM system controller 

where the system controller may be disconnected from other tmits, as the case may be in the 

examples below. Each the VCM modules in the examples below rnay be equipped at least 

with one or more from the list comprising motor mit, steering unit, braking unit, suspension 

lmit and a VCM controller --- per the follov,ing examples. In all of the following examples 

the communication between the vehicle platform controller and the VCM control unit may 

disconnected. Other communication lines may also be disconnected. Tn the examples beluw 

a disconnected communication line is marked with a red cross on it 
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[00117] Fig. 12.A. depicts a basic communication arrangement of a platfom1 vehicle 

communicating with a VCM via an external or remote computer to by pass the disconnected 

direct line between them. 

[00ll8] Fig. 12B depicts a configuration including a vehicle platform 1,vith more than 

one VCM and an external I remote computer, 1,vhere the direct communication lines between 

a single VCM and the platform and between the platform and several VCMs are 

disconnected. This configuration exemplifies ho1,v the communication of all VCMs V\~th the 

platform is performed via the remoteiextema1 computer, and communication between the 

VCMs may strengthen it 

[00119] Fig. 12C depicts a scenario in ,.vhich in a vehicle the vehicle platform is 

disconnected from direct communication '-'~th a VCM but has communication line with a 

remote/external computer and with a service station. A communication line is also active 

between the remote/external computer and the service station. A.s seen here the 

communication between the platform and the VCM may be performed via two alternative 

paths - via the sen1ice station and/or via the remote/external computer. 

[00120] Reference is made now to Fig. 13, which is a flow diagram depicting process 

for operating VCM and communicating VCM data vvith other systems, according to 

embodiments of the invention. 

[00121] The operation of a VCM may be associated with systems and processes that 

contribute to the operational parameters and the selection of operational profile. 111e 

operation of a VCM may also be associated with systems and databases used for financial 

purpose and business transactions. Cost of usage may serve for business transactions such 

as rental of vehicle, rental of VCMs, service plans, subscription services. Senne examples of 

operational parameters that can be communicated with other systems may be: distance 

traveled, hours operated, accelerations (max, frequency), all of these provide data that can 

correlate with VCM ·wear rates. Operational data may be compared to planned values. 

Planned values may be part of a business plan defined for the VCM and/or the vehicle, e.g. 

during purchasing the VCM, renting the VCM, purchasing/subscribing to service plan for 

the VCM (e.g VCM-as a service), and purchasing usage phm. Financial data may relate to 

information used i.n insurance plan. Insurance plan can be of a VCM and/or a vehicle. 

Insurance plan cost may be based on historical data of the VCM. According to some 
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