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VEHICLE KEY POSITIONING METHOD, AND 

APPARATUS AND STORAGE MEDIUM 

[0001] The present application claims priority to Chinese patent application No. 

202310725924.7, filed with the China National Intellectual Property Administration on 

June 16, 2023, and entitled “Vehicle Key Positioning Method, Apparatus and Storage 5 

Medium”, which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present application relates to the field of communication technology 

and, in particular, to a vehicle key positioning method, an apparatus and a storage 

medium. 10 

BACKGROUND 

[0003] Senseless control technology such as Passive Entry Passive Start (Passive 

Entry Passive Start, PEPS) enables a user to control a vehicle in a senseless manner 

before entering the vehicle. 

[0004] The user’s senseless control for a vehicle is specifically as follows: when a 15 

key of the vehicle carried by the user is within a preset distance range outside the vehicle 

body, a vehicle body control module (body control module, BCM) of the vehicle 

establishes communication with the key; the BCM positions the key and obtains 

position information of the key relative to the vehicle; based on the position information 

of the key relative to the vehicle and a control instruction from the key, the BCM 20 

executes a preset action corresponding to both the position information of the key and 

the control instruction from the key. In the prior art, the method for positioning the key 

by the BCM is mainly as follows: the BCM performs position calculation on distance 
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information between the key and all positioning anchor points of the vehicle obtained 

by the BCM by using the least squares method, so as to obtain position information of 

the key relative to the vehicle. 

[0005] In the key positioning method in the prior art, there is a problem of 

inaccurate positioning, which results in the inability to execute a preset action.  5 

SUMMARY 

[0006] The present application provides a vehicle key positioning method, an 

apparatus and a storage medium to solve the problem of inaccurate positioning in the 

key positioning method in the prior art. 

[0007] In a first aspect, the present application provides a vehicle key positioning 10 

method, including: 

after a vehicle completes a communication connection with a key of the 

vehicle, determining respective distances between a plurality of positioning anchor 

points of the vehicle and the key, based on respective ranging signals between the 

plurality of positioning anchor points and the key; 15 

if one reference anchor point is determined from the plurality of positioning 

anchor points based on the respective distances between the plurality of positioning 

anchor points and the key, correcting a distance between a positioning anchor point 

adjacent to the one reference anchor point and the key to obtain a corrected distance; 

where the reference anchor point indicates that a transmission mode of a ranging signal 20 

between the reference anchor point and the key is line-of-sight wireless transmission 

LOS; 

performing positioning calculation on a distance between the one reference 

anchor point and the key and the corrected distance to obtain final position information 

of the key relative to the vehicle; 25 

executing a preset action corresponding to both the final position 

information of the key relative to the vehicle and a control instruction issued by the key. 

[0008] Optionally, the positioning anchor point adjacent to the one reference anchor 
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point is a first adjacent anchor point; 

the correcting the distance between the key and the positioning anchor point 

adjacent to the one reference anchor point to obtain the corrected distance includes: 

performing positioning calculation on the distance between the one 

reference anchor point and the key, a distance between the first adjacent anchor point 5 

and the key, and a distance between the one reference anchor point and the first adjacent 

anchor point, to obtain first position information of the key relative to the vehicle; 

performing correction calculation on the distance between the first adjacent 

anchor point and the key using a preset correction value corresponding to the first 

position information to obtain the corrected distance of the first adjacent anchor point. 10 

[0009] Optionally, the performing positioning calculation on the distance between 

the one reference anchor point and the key and the corrected distance to obtain the final 

position information of the key relative to the vehicle includes: 

if the first position information is located in a preset first area, performing 

positioning calculation on the distance between the one reference anchor point and the 15 

key, the corrected distance of the first adjacent anchor point, and the distance between 

the one reference anchor point and the first adjacent anchor point to obtain a first 

positioning result of the key; where the first area indicates that an accuracy of a final 

position of the key is related to one adjacent positioning anchor point of the one 

reference anchor point; 20 

determining the first positioning result as the final position information of 

the key relative to the vehicle. 

[0010] Optionally, another positioning anchor point adjacent to the one reference 

anchor point is a second adjacent anchor point; 

the performing positioning calculation on the distance between the one 25 

reference anchor point and the key and the corrected distance to obtain the final position 

information of the key relative to the vehicle includes: 

if the first position information is located in a preset second area, performing 

positioning calculation on the distance between the one reference anchor point and the 
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key, and a distance between the second adjacent anchor point and the key, and a distance 

between the one reference anchor point and the second adjacent anchor point, so as to 

obtain second position information of the key relative to the vehicle; where the second 

area indicates that the accuracy of the final position of the key is related to two adjacent 

positioning anchor points of the one reference anchor point; 5 

performing correction calculation on the distance between the second 

adjacent anchor point and the key using a preset correction value corresponding to the 

second position information to obtain a corrected distance of the second adjacent anchor 

point; 

performing positioning calculation on the distance between the one 10 

reference anchor point and the key, the corrected distance of the second adjacent anchor 

point, and the distance between the one reference anchor point and the second adjacent 

anchor point to obtain a second positioning result of the key; 

determining an average value of the first positioning result and the second 

positioning result as the final position information of the key relative to the vehicle. 15 

[0011] Optionally, the performing positioning calculation on the distance between 

the one reference anchor point and the key, the distance between the first adjacent 

anchor point and the key, and the distance between the one reference anchor point and 

the first adjacent anchor point to obtain the first position information of the key relative 

to the vehicle includes: 20 

determining a first local coordinate system by taking a line connecting the 

one reference anchor point and the first adjacent anchor point as an X-axis and taking 

the one reference anchor point or the first adjacent anchor point as a coordinate origin; 

determining a first local coordinate of the key in the first local coordinate 

system based on the distance between the one reference anchor point and the key, the 25 

distance between the first adjacent anchor point and the key, and the distance between 

the one reference anchor point and the first adjacent anchor point; 

performing coordinate system transformation processing on the first local 

coordinate to obtain a first coordinate of the key in a preset coordinate system of the 
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vehicle, where the first coordinate is the first position information of the key relative to 

the vehicle. 

[0012] Optionally, the performing positioning calculation on the distance between 

the one reference anchor point and the key, the corrected distance of the first adjacent 

anchor point, and the distance between the one reference anchor point and the first 5 

adjacent anchor point to obtain the first positioning result of the key includes: 

determining a first local coordinate system by taking a line connecting the 

one reference anchor point and the first adjacent anchor point as an X-axis and taking 

the one reference anchor point or the first adjacent anchor point as a coordinate origin; 

determining a first corrected local coordinate of the key in the first local 10 

coordinate system based on the distance between the one reference anchor point and 

the key, the corrected distance of the first adjacent anchor point, and the distance 

between the one reference anchor point and the first adjacent anchor point; 

performing coordinate system transformation processing on the first 

corrected local coordinate to obtain a first corrected coordinate of the key in a preset 15 

coordinate system of the vehicle; 

the performing positioning calculation on the distance between the one 

reference anchor point and the key, the corrected distance of the second adjacent anchor 

point, and the distance between the one reference anchor point and the second adjacent 

anchor point to obtain the second positioning result of the key includes: 20 

determining a second local coordinate system by taking a line connecting 

the one reference anchor point and the second adjacent anchor point as an X-axis and 

taking the one reference anchor point or the second adjacent anchor point as a 

coordinate origin; 

determining a second corrected local coordinate of the key in the second 25 

local coordinate system based on the distance between the one reference anchor point 

and the key, the corrected distance of the second adjacent anchor point, and the distance 

between the one reference anchor point and the second adjacent anchor point; 

performing coordinate system transformation processing on the second 
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corrected local coordinate to obtain a second corrected coordinate of the key in the 

preset coordinate system of the vehicle. 

[0013] Optionally, the determining the average value of the first positioning result 

and the second positioning result as the final position information of the key relative to 

the vehicle includes: 5 

averaging the first corrected coordinate and the second corrected coordinate 

to obtain a final coordinate of the key in the preset coordinate system of the vehicle. 

[0014] In a second aspect, the present application provides a control apparatus, 

including: a collection module, a processing module and an operation module; where, 

the collection module is configured to after a vehicle completes a 10 

communication connection with a key of the vehicle, determine respective distances 

between a plurality of positioning anchor points of the vehicle and the key, based on 

respective ranging signals between the plurality of positioning anchor points and the 

key; 

the processing module is configured to: if one reference anchor point is 15 

determined from the plurality of positioning anchor points based on the respective 

distances between the plurality of positioning anchor points and the key, correct a 

distance between the key and a positioning anchor point adjacent to the one reference 

anchor point to obtain a corrected distance; where the reference anchor point indicates 

that a transmission mode of a ranging signal between the reference anchor point and 20 

the key is line-of-sight wireless transmission LOS; 

the processing module is further configured to perform positioning 

calculation on a distance between the one reference anchor point and the key and the 

corrected distance to obtain final position information of the key relative to the vehicle; 

the operation module is configured to execute a preset action corresponding 25 

to both the final position information of the key relative to the vehicle and a control 

instruction issued by the key. 

[0015] In a third aspect, the present application provides a control apparatus, the 

apparatus including: 
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a processor and a memory; where, 

the memory stores executable instructions executable by the processor; and 

the processor executes the executable instructions stored in the memory, so 

that the processor executes the method as described above. 

[0016] In a fourth aspect, the present application provides a storage medium, the 5 

storage medium stores computer-executable instructions, and the computer-executable 

instructions, when executed by a processor, are used to implement the method as 

described above. 

[0017] In the vehicle key positioning method, the apparatus and the storage medium 

provided by the present application, a reference anchor point of LOS transmission is 10 

determined from a plurality of positioning anchor points; if the number of the reference 

anchor points is one, positioning calculation is performed on a distance between the 

reference anchor point of LOS transmission and the key and a corrected distance 

between a positioning anchor point adjacent to the one reference anchor point of NLOS 

transmission and the key, to obtain final position information of the key relative to the 15 

vehicle, thereby improving the positioning accuracy of the key, so that the final position 

information of the key relative to the vehicle is consistent with an actual position of the 

key relative to the vehicle. The present application solves the problem of inaccurate 

positioning in the key positioning method in the prior art. 

BRIEF DESCRIPTION OF DRAWINGS 20 

[0018] The accompanying drawings, which are incorporated in and constitute a part 

of this specification, illustrate embodiments consistent with the present application and, 

together with the description, serve to explain the principles of the present application. 

[0019] FIG. 1a is a schematic diagram of an existing key positioning scenario. 

[0020] FIG. 1b is a schematic diagram of a ranging signal transmission scenario 25 

between an existing key and a vehicle positioning anchor point. 

[0021] FIG. 2 is a first schematic diagram of a vehicle key positioning scenario 

provided by an embodiment of the present application. 
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[0022] FIG. 3 is a schematic diagram of positioning calculation process provided 

by an embodiment of the present application. 

[0023] FIG. 4 is a second schematic diagram of a vehicle key positioning scenario 

provided by an embodiment of the present application. 

[0024] FIG. 5 is a schematic diagram of a local coordinate system provided by an 5 

embodiment of the present application. 

[0025] FIG. 6 is a third schematic diagram of a vehicle key positioning scenario 

provided by an embodiment of the present application. 

[0026] FIG. 7 is a first flowchart of a vehicle key positioning process provided by 

an embodiment of the present application. 10 

[0027] FIG. 8 is a schematic diagram of determining a preset correction value 

provided by an embodiment of the present application. 

[0028] FIG. 9 is a schematic diagram of the relationship between a first area, a 

second area and an anchor point preset area provided by an embodiment of the present 

application. 15 

[0029] FIG. 10 is a second flowchart of a vehicle key positioning process provided 

by an embodiment of the present application. 

[0030] FIG. 11 is a first structural diagram of a control apparatus provided by an 

embodiment of the present application. 

[0031] FIG. 12 is a second structural diagram of a control apparatus provided by an 20 

embodiment of the present application. 

[0032] The above drawings have shown clear embodiments of the present 

application, which will be described in more detail later. These drawings and text 

descriptions are not intended to limit the scope of the present application in any way, 

but to illustrate the concept of the present application to those skilled in the art by 25 

referring to specific embodiments. 

DESCRIPTION OF EMBODIMENTS 

[0033] In order to make the purpose, technical solution and advantages of the 
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embodiments of the present application clearer, the technical solution in embodiments 

of the present application will be clearly and completely described below with reference 

to the drawings in the embodiments of the present application. Obviously, the described 

embodiments are part of the embodiments of the present invention, not all of the 

embodiments. Based on the embodiments in the present application, all other 5 

embodiments obtained by those of ordinary skill in the art without creative work are 

within the protection scope of the present application. 

[0034] Senseless control technology such as Passive Entry Passive Start (PEPS) 

enables a user to control a vehicle in a senseless manner before entering the vehicle. 

[0035] FIG. 1a is a diagram of an existing key positioning scenario. As shown in 10 

FIG. 1a, typically, positioning anchor points are deployed on a vehicle, and the 

positioning anchor points on the vehicle are, for example, UWB anchor points such as 

UWB1, UWB2, UWB3, UWB4, UWB5, UWB6, UWB7 etc., as shown in FIG. 1a. As 

shown in FIG. 1a, UWB1, UWB2, UWB3, and UWB4 are all located outside a vehicle 

body; for example, UWB1 and UWB4 are respectively located at both ends of a front 15 

bumper of the vehicle, and UWB2 and UWB3 are respectively located at both ends of 

a rear bumper. UWB5, UWB6, and UWB7 are all located inside the vehicle body. A 

vehicle body controller (Body Control Module, referred to as: BCM) 12 is also 

deployed on the vehicle. The BCM 12 continuously broadcasts a BLE broadcast signal 

through a Bluetooth (Bluetooth Low Energy, referred to as: BLE) module on the BCM 20 

12. A key 11 of the vehicle detects the BLE broadcast signal of the vehicle in real time. 

[0036] The specific process of a user’s senseless control of the vehicle is as follows: 

if the key 11 detects and identifies that a received signal strength indication (Received 

Signal Strength Indication, RSSI) of a BLE broadcast signal of an associated vehicle 

reaches a preset communication threshold, the key 11 sends a communication 25 

connection request to the BCM 12 of the associated vehicle; then, the BCM 12 responds 

to the communication connection request sent by the key 11, and establishes 

communication with the key 11 after successful authentication, so as to complete a 

communication connection between the vehicle and the corresponding key 11; then, the 
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BCM 12 uses the BLE RSSI between the BCM 12 and the key 11 as a ranging signal 

to continuously measure a distance from the key 11, to obtain a Bluetooth ranging 

distance of the key 11 relative to the vehicle. If the Bluetooth ranging distance is less 

than or equal to a first distance threshold, the BCM 12 controls positioning apparatuses 

at a plurality of positioning anchor points of the vehicle to initiate a ranging function of 5 

each positioning apparatus, so that a Bluetooth ranging mode is converted to an ultra-

wideband (Ultra Wide Band, referred to as: UWB) time of flight (Time of Flight, 

referred to as: ToF) ranging mode of the positioning apparatus. The positioning 

apparatus may be, for example, a UWB apparatus including a UWB chip or a UWB 

module. The positioning apparatus and the BCM 12 may be connected via a bus. 10 

[0037] The key 11 of the vehicle may be a physical key or a virtual key on a user 

terminal. 

[0038] After the BCM 12 converts the Bluetooth RSSI ranging mode into the UWB 

ToF ranging mode, the BCM 12 positions the key 11 as follows: the BCM 12 determines 

distance information between each positioning anchor point corresponding to each 15 

positioning apparatus and the key 11 based on a ranging signal between each 

positioning apparatus and the key 11; then, the BCM 12 uses the least squares method 

to perform positioning calculation on a plurality of determined distance information to 

obtain position information of the key 11 relative to the vehicle to position the key 11, 

where the position information of the key 11 relative to the vehicle may be a coordinate 20 

of the key 11 in the preset coordinate system of the vehicle; then, based on the position 

information of the key relative to the vehicle and a control instruction issued by the key, 

the BCM12 executes a preset action corresponding to both the position information of 

the key and the control instruction from the key, where the preset action is such as 

controlling the vehicle so that the vehicle automatically drives out of a garage and 25 

arrives at a predetermined position. 

[0039] As shown in FIG. 1b, a key 11 is outside a vehicle body, and a transmission 

mode of a ranging signal between the key 11 and a positioning anchor point outside the 

vehicle body includes a Line of Sight wireless transmission (Line of Sight, referred to 
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as LOS) and a Non-Line of Sight wireless transmission (Non-Line of Sight, referred to 

as NLOS). Due to the obstruction of the vehicle body, there is no direct path for the 

ranging signal between the key 11 and the positioning anchor point inside the vehicle 

body, so that the transmission mode of the ranging signal is NLOS transmission. The 

NLOS transmission of the ranging signal between the key 11 and the positioning anchor 5 

point indicates that the ranging signal is reflected and/or diffracted by a reflector during 

a transmission between the key 11 and the positioning anchor point, and the 

transmission of the ranging signal does not meet a line of sight condition and thus there 

is no direct path. The reflector may be, for example, the ground, a metal or non-metal 

vehicle body. The ranging signal is reflected and/or diffracted by the reflector, and the 10 

RSSI of the ranging signal is also weakened due to factors such as surface conductivity, 

roughness, and reflectivity of the reflector. After the ranging signal is reflected and/or 

diffracted by a reflector during the transmission, a distance between the key 11 and the 

positioning anchor point determined based on the ranging signal is often greater than 

an actual distance between the key 11 and the positioning anchor point. Therefore, the 15 

distance information between the key 11 and all the positioning anchor points of the 

vehicle contains inaccurate distance information. 

[0040] In embodiments of the present application, NLOS is also referred to as 

NLOS transmission, and LOS is also referred to as LOS transmission. An actual 

distance between two points refers to a straight-line distance between the two points. 20 

For example, an actual distance between the key 11 and the positioning anchor point 

UWB1 is the straight-line distance between the key 11 and UWB1. 

[0041] Since the accuracy of the least squares solution is closely related to the 

amount of data used for the solution and the accuracy of the data, in order to ensure the 

amount of data used for the least squares solution, in the existing key positioning 25 

method distance information between the key 11 and all positioning anchor points is 

used for the position solution of the key 11, resulting in a large deviation between the 

position information of the key 11 relative to the vehicle and an actual position of the 

key 11 relative to the vehicle. In the key positioning method in the prior art, there is a 
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problem of inaccurate positioning, which in turn causes the key position calculated by 

the vehicle to be inconsistent with the actual position of the key, resulting in a situation 

where the key 11 is located at a position corresponding to a preset action, and after a 

control instruction corresponding to the preset action is issued, the preset action cannot 

be executed by the BCM 12, affecting the user experience of the vehicle. 5 

[0042] As shown in the scenario 1 of FIG. 1b, for four positioning anchor points 

UWB1, UWB4, UWB2, and UWB3 deployed at both ends of a front bumper and a rear 

bumper of the vehicle, when the key 11 is outside the vehicle body and located on one 

side of a vehicle door, a transmission of a ranging signal between the key 11 and at least 

two of the positioning anchor points is not reflected or diffracted by a reflector, or a 10 

transmission mode of the ranging signal between the key 11 and at least two of the 

positioning anchor points is LOS transmission. Similarly, as shown in the scenario 2 of 

FIG. 1b, for four positioning anchor points UWB1, UWB4, UWB2, and UWB3 

deployed at both ends of a front bumper and a rear bumper of the vehicle, when the key 

is outside the vehicle body and located on one side of a front portion or a rear portion 15 

of the vehicle, a transmission mode of the ranging signal between the key 11 and at 

least two of the positioning anchor points is LOS transmission. And in the scenarios 1 

and 2 as shown in FIG. 1b, the two positioning anchor points of the LOS transmission 

are adjacent. 

[0043] As shown in FIG. 1b, for the four positioning anchor points UWB1, UWB4, 20 

UWB2, and UWB3 deployed at both ends of the front and rear bumpers of the vehicle, 

if the two positioning anchor points on the same side of the front portion of the vehicle 

(such as UWB1 and UWB4) are not in a straight line with a vertex of an outer edge of 

the front portion of the vehicle (such as point K1), and if the two positioning anchor 

points on the same side of the door (such as UWB3 and UWB4) are not in a straight 25 

line with a vertex of an outer edge of the vehicle body on that side (such as K2), when 

the key 11 is located in an intersection area between the front portion of the vehicle and  

an outer side of the door as shown in scenario 3 as shown in FIG. 1b, a ranging signal 

between the key 11 and the nearest positioning anchor point is of LOS transmission. 
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However, the ranging signal between the key 11 and the remaining three positioning 

anchor points (such as UWB1, UWB2, and UWB3) will be reflected or diffracted by a 

reflector, that is, the transmission mode of the ranging signal between the key 11 and 

UWB1, UWB2, UWB3 is NLOS transmission. 

[0044] If a transmission mode of a ranging signal between a key and at least two 5 

positioning anchor points of a vehicle is LOS transmission, positioning calculation 

performed on distance information of the two positioning anchor points whose 

transmission mode of the ranging signal is LOS transmission can achieve accurate 

positioning of the key. If a transmission mode of a ranging signal between a key and 

one positioning anchor point of a vehicle is LOS transmission, positioning calculation 10 

performed on distance information of the positioning anchor point corresponding to 

LOS transmission and corrected distance information of the positioning anchor point 

corresponding to NLOS transmission can also achieve accurate positioning of the key. 

[0045] In view of this, the present application proposes a vehicle key positioning 

method, which improves the accuracy of vehicle key positioning by performing 15 

positioning calculation on distance information of a positioning anchor point 

corresponding to LOS transmission and corrected distance information of a positioning 

anchor point corresponding to NLOS transmission. 

[0046] The vehicle key positioning method proposed in the present application is 

described below with reference to some embodiments. 20 

[0047] FIG. 2 is a first diagram of a vehicle key positioning scenario provided by 

an embodiment of the present application. As shown in FIG. 2, a plurality of positioning 

anchor points are provided on a vehicle, and the positioning anchor points are UWB1, 

UWB2, UWB3, and UWB4 as shown in FIG. 2. Exemplarily, UWB1 and UWB4 are 

respectively located at two ends of a front bumper of the vehicle, and UWB2 and UWB3 25 

are respectively located at two ends of a rear bumper. For the four positioning anchor 

points UWB1, UWB4, UWB2, and UWB3 deployed at the two ends of the front bumper 

and the rear bumper of the vehicle, two positioning anchor points on the same side of a 

front portion of the vehicle (such as UWB1 and UWB4) are not in a straight line with 
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a vertex of an outer edge of the front portion of the vehicle (such as point K1), two 

positioning anchor points on the same side of a rear portion of the vehicle (such as 

UWB2 and UWB3) are not in a straight line with a vertex of an outer edge of the rear 

portion of the vehicle (such as point K3), and two positioning anchor points on the same 

side of a vehicle door (such as UWB3 and UWB4) are not in a straight line with a vertex 5 

of an outer edge of the vehicle body on that side (such as K2). A positioning apparatus 

is deployed on a positioning anchor point, and the positioning apparatus can determine 

a distance between the positioning anchor point and the key 11; or, the positioning 

anchor point is an anchor point with a positioning function. The positioning apparatus 

can be a UWB apparatus including a UWB chip or a UWB module. The positioning 10 

apparatus can also be a positioning apparatus including a BLE module or a BLE chip. 

A control apparatus 21 is deployed on the vehicle, and the control apparatus 21 includes 

a BLE module. The key 11 of the vehicle also includes a UWB chip or a UWB module. 

The key 11 of the vehicle also includes a BLE module or a BLE chip. The key 11 of the 

vehicle can be a physical key or a virtual key on a user terminal. The user terminal can 15 

be a terminal such as a mobile phone or a tablet computer. 

[0048] The control apparatus 21 continuously broadcasts a BLE broadcast signal 

through the BLE module. The key 11 of the vehicle detects the BLE broadcast signal 

of the vehicle in real time. If the key 11 detects and identifies that an RSSI of the BLE 

broadcast signal of the vehicle reaches a preset communication threshold, the key 11 20 

sends a communication connection request to the control apparatus 21 of the vehicle. 

The control apparatus 21 responds to the communication connection request sent by the 

key 11, and establishes communication with the key 11 after successful authentication 

to complete a communication connection between the vehicle and the key 11. Based on 

a BLE ranging signal between the control apparatus 21 and the key 11, the control 25 

apparatus 21 continuously measures a distance from the key 11 to obtain a Bluetooth 

ranging distance of the key 11 relative to the vehicle. If the Bluetooth ranging distance 

is less than or equal to a first distance threshold, the control apparatus 21 controls the 

positioning apparatuses at a plurality of positioning anchor points of the vehicle to 
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initiate a ranging function of each positioning apparatus. If the positioning apparatus is 

a UWB apparatus, the control apparatus 21 converts a Bluetooth ranging mode of the 

control apparatus 21 to a UWB ranging mode of the positioning apparatus. The ranging 

signal between the positioning apparatus and the key 11 is a ranging signal between a 

positioning anchor point corresponding to the positioning apparatus and the key 11. 5 

[0049] After the control apparatus 21 converts the Bluetooth ranging mode into the 

UWB ranging mode, the control apparatus 21 positions the key 11 in the following 

manner: 

the control apparatus 21 determines respective distances between a plurality 

of positioning anchor points of the vehicle and the key 11 based on respective ranging 10 

signals between the plurality of positioning anchor points and the key 11. 

[0050] When the key 11 and the vehicle are arranged similar to the scenario as 

indicated in scenario 1 or scenario 2 of FIG. 2, the control apparatus 21 can determine 

at least two reference anchor points from the plurality of positioning anchor points 

based on the respective distances between the plurality of positioning anchor points and 15 

the key 11. The control apparatus 21 can perform positioning calculation on respective 

distances between the determined two adjacent reference anchor points and the key 11 

to obtain final position information of the key 11 relative to the vehicle. 

[0051] The reference anchor point indicates that a transmission mode of the ranging 

signal between the reference anchor point and the key 11 is line-of-sight wireless 20 

transmission (LOS). 

[0052] When the key 11 and the vehicle are arranged similar to the scenario as 

indicated in scenario 3 in FIG. 2, a ranging signal between the key 11 and the nearest 

positioning anchor point (such as UWB1) is of LOS transmission. However, a ranging 

signal between the key 11 and the other three positioning anchor points (such as UWB2, 25 

UWB3, and UWB4) will be reflected or diffracted by a reflector, that is, a transmission 

mode of the ranging signal between the key 11 and UWB2, UWB3, UWB4 is NLOS 

transmission. The reflector can be the ground or a metal or non-metallic vehicle body. 

Based on the respective distances between the plurality of positioning anchor points 
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and the key 11, the control apparatus 21 can determine one reference anchor point (such 

as UWB1) from the plurality of positioning anchor points. The control apparatus 21 can 

correct a distance between a positioning anchor point (such as UWB2 and/or UWB4) 

adjacent to the one reference anchor point and the key 11 to obtain a corrected distance. 

The control apparatus 21 performs positioning calculation on the distance between the 5 

one reference anchor point and the key 11 and the corrected distance corresponding to 

the positioning anchor point adjacent to the one reference anchor point to obtain final 

position information of the key 11 relative to the vehicle. 

[0053] Based on the final position information of the key 11 relative to the vehicle 

and a control instruction issued by the key, the control apparatus 21 executes a preset 10 

action corresponding to both the final position information of the key 11 and the control 

instruction from the key 11. The preset action is such as controlling a vehicle so that the 

vehicle automatically leaves a garage and arrives at a predetermined position. 

[0054] Exemplarily, the control apparatus 21 may determine a reference anchor 

point from a plurality of positioning anchor points based on respective distances 15 

between the plurality of positioning anchor points and the key 11 according to the 

following steps I-III. 

[0055] Step I, the control apparatus 21 obtains respective received signal strength 

indications (RSSI) corresponding to a plurality of positioning anchor points from the 

key 11; and/or obtains respective state identifiers of corresponding positioning anchor 20 

points from positioning apparatuses corresponding to the plurality of positioning anchor 

points. The state identifier is a valid identifier indicating that a ranging signal used for 

ranging between the positioning anchor point and the key is valid, or an invalid 

identifier indicating that a ranging signal used for ranging between the positioning 

anchor point and the key is invalid. The valid identifier is such as 1 or valid. The invalid 25 

identifier is such as 0 or invalid. The control apparatus 21 also obtains respective time 

of flight (ToF) of signals corresponding to the plurality of positioning anchor points 

from the key 11. 

[0056] Step II, the control apparatus 21 determines, from the respective distances 
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between the plurality of positioning anchor points and the key 11, a distance between a 

positioning anchor point whose RSSI is greater than a signal strength threshold and the 

key 11 as a valid distance; and/or determines, based on the obtained respective state 

identifiers of the plurality of positioning anchor points, a distance between a positioning 

anchor point corresponding to a valid identifier and the key as a valid distance. 5 

[0057] Step III, the control apparatus 21 determines a positioning anchor point 

corresponding to the valid distance as a reference anchor point; or, the control apparatus 

21 determines a positioning anchor point whose ToF meets a preset condition as a 

reference anchor point. For example, the control apparatus 21 determines, a positioning 

anchor point which has the smallest ToF among ToFs corresponding to the plurality of 10 

positioning anchor points, as a reference anchor point. 

[0058] The control apparatus 11 determines a valid distance from the respective 

distances between the plurality of positioning anchor points and the key 11, based on at 

least one of: a ToF satisfying a preset condition, an RSSI, and a state identifier of the 

positioning anchor point, and then determines a reference anchor point based on the 15 

valid distance, thereby improving the accuracy of determining the reference anchor 

point and ensuring the validity of the determined reference anchor point. The control 

apparatus 11 determines the reference anchor point based on the respective ToFs 

corresponding to the plurality of positioning anchor points, thereby improving the 

accuracy of determining the reference anchor point and ensuring the validity of the 20 

determined reference anchor point. 

[0059] Optionally, the positioning apparatus may also be a Bluetooth positioning 

apparatus. After a ranging function of the Bluetooth positioning apparatus is activated, 

the control apparatus 21 positions the key 11 in the following manner: the control 

apparatus 21 determines respective distances between the plurality of positioning 25 

anchor points of the vehicle and the key 11 based on respective ranging signals (such 

as Bluetooth ranging signal) between respective Bluetooth positioning apparatuses of 

the plurality of positioning anchor points and the key 11. Based on the respective 

distances between the plurality of positioning anchor points and the key 11, if at least 
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two reference anchor points are determined from the plurality of positioning anchor 

points, the control apparatus 21 performs positioning calculation on respective 

distances between the determined two adjacent reference anchor points and the key 11 

to obtain final position information of the key 11 relative to the vehicle. Based on the 

respective distances between the plurality of positioning anchor points and the key 11, 5 

if one reference anchor point is determined from the plurality of positioning anchor 

points, the control apparatus 21 corrects a distance between a positioning anchor point 

adjacent to the one reference anchor point and the key 11 to obtain a corrected distance. 

The control apparatus 21 performs positioning calculation on the distance between the 

one reference anchor point and the key 11 and the corrected distance corresponding to 10 

the positioning anchor point adjacent to the one reference anchor point to obtain final 

position information of the key 11 relative to the vehicle. 

[0060] Generally, in terms of short-range ranging, the UWB ranging accuracy is 

higher than the Bluetooth ranging accuracy. Therefore, the positioning apparatus may 

preferably be a UWB apparatus using the UWB ranging mode. 15 

[0061] In the vehicle key positioning method provided by the embodiment of the 

present application, a reference anchor point of LOS transmission is determined from a 

plurality of positioning anchor points. If the number of the reference anchor point is at 

least two, positioning calculation is performed on respective distances between the two 

adjacent reference anchor points and the key, so as to obtain final position information 20 

of the key relative to the vehicle; if the number of the reference anchor point is one, 

positioning calculation is performed on the distance between the reference anchor point 

of LOS transmission and the key, and a corrected distance between an adjacent 

positioning anchor point of NLOS transmission and the key, so as to obtain final 

position information of the key relative to the vehicle, thereby improving the 25 

positioning accuracy of the key, so that the final position information of the key relative 

to the vehicle is consistent with an actual position of the key relative to the vehicle. The 

vehicle key positioning method provided by embodiments of the present application 

reduces or even eliminates the adverse effect of the inaccurate distance information 



 

19 
 

determined by the ranging signal in NLOS transmission mode on the positioning 

accuracy of the key, and solves the problem of inaccurate positioning in the key 

positioning method in the prior art. 

[0062] The vehicle key positioning method provided by the present application is 

described in detail below with reference to FIG. 3 to FIG. 10. FIG. 3 is a schematic 5 

diagram of a positioning calculation process provided by an embodiment of the present 

application. FIG. 4 is a second schematic diagram of a vehicle key positioning scenario 

provided by an embodiment of the present application. FIG. 5 is a schematic diagram 

of a local coordinate system provided by an embodiment of the present application. FIG. 

6 is a third schematic diagram of a vehicle key positioning scenario provided by an 10 

embodiment of the present application. FIG. 7 is a first flowchart of a vehicle key 

positioning process provided by an embodiment of the present application. FIG. 8 is a 

schematic diagram of determining a preset correction value provided by an embodiment 

of the present application. FIG. 9 is a schematic diagram of the relationship between a 

first area, a second area and an anchor point preset area provided by an embodiment of 15 

the present application. FIG. 10 is a second flowchart of a vehicle key positioning 

process provided by an embodiment of the present application. The execution entity of 

the vehicle key positioning method provided by an embodiment of the present 

application may be the control apparatus 21 in the embodiment shown in FIG. 2. The 

following is an exemplary description taking the execution entity being the control 20 

apparatus 21 as an example. 

[0063] After a communication connection between the vehicle and the key 11 of 

the vehicle is completed and positioning apparatuses on a plurality of positioning 

anchor points on the vehicle start ranging operation, the control apparatus 21 obtains 

respective ranging signals between the plurality of positioning anchor points of the 25 

vehicle and the key 11. The control apparatus 21 determines respective distances 

between the plurality of positioning anchor points of the vehicle and the key 11 based 

on the respective ranging signals between the plurality of positioning anchor points and 

the key 11. If the key 11 and the vehicle are arranged similar to the scenario 1 or scenario 
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2 in FIG. 2, or the scenario shown in FIG. 4, the control apparatus 21 can determine at 

least two reference anchor points from the plurality of positioning anchor points, based 

on the respective distances between the plurality of positioning anchor points and the 

key 11, so as to position the key 11. If the key 11 and the vehicle are arranged similar 

to the scenario 3 in FIG. 2, or the scenario shown in FIG. 6, the control apparatus 21 5 

can determine one reference anchor point from the plurality of positioning anchor points, 

based on the respective distances between the plurality of positioning anchor points and 

the key 11, so as to position the key 11. 

[0064] The following describes a method for positioning the key 11 when the 

number of the determined reference anchor points is at least two and a method for 10 

positioning the key 11 when the number of the determined reference anchor points is 

one. 

[0065] (I) When the number of the determined reference anchor points is at least 

two, the method for positioning the key 11 is described as follows: 

if the control apparatus 21 determines at least two reference anchor points 15 

from a plurality of positioning anchor points based on respective distances between the 

plurality of positioning anchor points and the key 11, then positioning calculation is 

performed on respective distances between the determined two adjacent reference 

anchor points and the key 11 in the manner shown in S101-S102 in FIG. 3, so as to 

obtain final position information of the key 11 relative to the vehicle. 20 

[0066] S101, determining, by the control apparatus 21, a third local coordinate of 

the key 11 in a third local coordinate system corresponding to the two determined 

adjacent reference anchor points based on the respective distances between the two 

determined adjacent reference anchor points and the key 11. 

[0067] Exemplarily, the control apparatus 21 determines the third local coordinate 25 

system with a line connecting the two determined adjacent reference anchor points as 

an X-axis and a reference anchor point on the X-axis as the coordinate origin. Optionally, 

if the key 11 is not collinear with the reference anchor points, on the same vehicle, the 

local coordinate system determined by the control apparatus 21 may be a local 



 

21 
 

coordinate system in which a Y-axis coordinate value of the key 11 is a negative number. 

Optionally, if the key 11 is not collinear with the reference anchor points, on the same 

vehicle, the local coordinate system determined by the control apparatus 21 may also 

be a local coordinate system in which a Y-axis coordinate value of the key 11 is a 

positive number. The control apparatus 21 determines the third local coordinate of the 5 

key 11 in the third local coordinate system corresponding to the two determined 

adjacent reference anchor points based on respective distances between the two 

determined adjacent reference anchor points and the key 11. The third local coordinate 

of the key 11 represents a position of the key 11 relative to the two determined adjacent 

reference anchor points. 10 

[0068] The control apparatus 21 accurately determines the position of the key 11 

relative to the two adjacent reference anchor points, based on the respective distances 

between the two adjacent reference anchor points where the transmission mode of the 

ranging signal is LOS and the key 11, thereby ensuring the accuracy of the determined 

position of the key 11 and facilitating a subsequent coordinate system transformation 15 

processing on the local coordinate of the key 11 in the manner shown in S102 to obtain 

a coordinate of the key 11 in a preset coordinate system of the vehicle. 

[0069] S102, performing, by the control apparatus 21, coordinate system 

transformation processing on the third local coordinate to obtain a final coordinate of 

the key 11 in a preset coordinate system of the vehicle; where the final position 20 

information of the key 11 relative to the vehicle includes the final coordinate of the key 

11 in the preset coordinate system of the vehicle. 

[0070] Exemplarily, the control apparatus 21 determines a coordinate 

transformation coefficient θ  corresponding to the coordinate origin of the local 

coordinate system to which the third local coordinate (x୪ଷ, y୪ଷ) belongs. 25 

[0071] The control apparatus 21 uses a transformation matrix ቂ
x୰ଷ

y୰ଷ
ቃ =

ቂ
cosθ −sinθ
sinθ    cosθ

ቃ ቂ
x୪ଷ

y୪ଷ
ቃ to transform the third local coordinate (x୪ଷ, y୪ଷ) into a rotation 

coordinate (x୰ଷ, y୰ଷ ). The control apparatus 21 uses formulas 𝑥௚ଷ = 𝑥௥ଷ + 𝑥଴ଷ  and 
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𝑦௚ଷ = 𝑦௥ଷ + 𝑦଴ଷ to determine a final coordinate (𝑥௚ଷ, 𝑦௚ଷ) of the key 11 in a preset 

coordinate system of the vehicle, based on a global coordinate ( 𝑥଴ଷ, 𝑦଴ଷ ) of the 

positioning anchor point, which corresponds to the coordinate origin of the third local 

coordinate system, in the preset coordinate system of the vehicle. 

[0072] Step S102 realizes the conversion between a coordinate of the key 11 in a 5 

local coordinate system and a coordinate of the key 11 in a preset coordinate system, 

thereby obtaining final position information of the key 11 relative to the vehicle. 

[0073] After the control apparatus 21 obtains the final position information of the 

key 11 relative to the vehicle according to steps S101- S102, the control apparatus 21 

executes a preset action corresponding to both the final position information of the key 10 

11 relative to the vehicle and a control instruction issued by the key 11. 

[0074] Positioning calculation shown in steps S101-S102 is described below with 

an example. 

[0075] Assuming that key A and vehicle A are arranged as shown in FIG. 4, a preset 

coordinate system of vehicle A can be a coordinate system shown in FIG. 4, that is, a 15 

forward direction of a centerline of the vehicle body is a positive direction of a Y axis, 

a right direction of a driver is a positive direction of an X axis, and an intersection of 

the X axis and the Y axis is located at a vertex of a front edge of the vehicle along a 

central axis (e.g., point K1 as shown in FIG. 2). Four positioning anchor points UWB1, 

UWB2, UWB3, and UWB4 of vehicle A are deployed in the same manner as the four 20 

positioning anchor points UWB1, UWB2, UWB3, and UWB4 shown in FIG. 2. When 

the four positioning anchor points UWB1, UWB2, UWB3, and UWB4 of vehicle A are 

respectively used as coordinate origins of local coordinate systems, corresponding 

coordinate transformation coefficients thereof are 𝜃ଵ , 𝜃ଶ , 𝜃ଷ , and 𝜃ସ , respectively, 

where the values of 𝜃ଵ, 𝜃ଶ, 𝜃ଷ, and 𝜃ସ can be 270°, 0°, 90°, and 180° respectively. 25 

[0076] The control apparatus 21 determines two adjacent reference anchor points 

UWB3 and UWB4 according to respective distances between the four positioning 

anchor points UWB1, UWB2, UWB3, and UWB4 of vehicle A shown in FIG. 4 and 

key A. Coordinates of the two adjacent reference anchor points UWB3 and UWB4 in a 
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preset coordinate system of vehicle A are (𝑥଴ଷ஺, 𝑦଴ଷ஺) and (𝑥଴ସ , 𝑦଴ସ ) respectively. 

[0077] The control apparatus 21 determines the third local coordinate system shown 

in FIG. 5 with a line connecting the reference anchor points UWB3 and UWB4 as an 

X-axis and UWB3 as a coordinate origin. A coordinate transformation coefficient 

corresponding to the coordinate origin of the third local coordinate system shown in 5 

FIG. 5 is 𝜃ଷ . The third local coordinate system is the local coordinate system 

corresponding to the reference anchor points UWB3 and UWB4. In the third local 

coordinate system, a Y-axis coordinate value of key A is a negative number. Based on 

respective distances d3 and d4 between the reference anchor points UWB3 and UWB4 

and key A, and a distance ℎଷସ between the reference anchor points UWB3 and UWB4, 10 

the control apparatus 21 determines the third local coordinate (𝑥௟ଷ஺, 𝑦௟ଷ஺) of the key 11 

in the third local coordinate system shown in FIG. 5 as follows. 

[0078] As shown in FIG. 5, a vertical distance from key A to the X-axis is dy, and 

a vertical distance from key A to the Y-axis is dx. Then the third local coordinate  

(𝑥௟ଷ஺, 𝑦௟ଷ஺) of key A in the third local coordinate system shown in FIG. 5 is (dx, -dy). 15 

[0079] dx and dy are determined as follows: the control apparatus 21 determines 

cos 𝛼 =
(ௗయ)మା(௛యర)మି(ௗర)మ

ଶ×ௗయ×௛యర
 according to the cosine theorem (𝑑ସ)ଶ = (𝑑ଷ)ଶ + (ℎଷସ)ଶ −

2 × 𝑑ଷ × ℎଷସ × cos 𝛼, and further determines: 𝑑௫ = 𝑑ଷ × cos 𝛼；𝑑௬ = 𝑑ଷ × sin 𝛼. 

[0080] The control apparatus 21 uses a transformation matrix ቂ
𝑥௥ଷ஺

𝑦௥ଷ஺
ቃ =

൤
cos𝜃ଷ −sin𝜃ଷ

sin𝜃ଷ cos𝜃ଷ
൨ ቂ

𝑥௟ଷ஺

𝑦௟ଷ஺
ቃ  to transform the third local coordinate (𝑥௟ଷ஺, 𝑦௟ଷ஺ ) into a 20 

rotation coordinate (x୰ଷ୅, y୰ଷ୅). The control apparatus 21 determines a final coordinate 

(𝑥௚ଷ஺, 𝑦௚ଷ஺) of key A in a preset coordinate system of vehicle A, based on a global 

coordinate (𝑥଴ଷ , 𝑦଴ଷ  ) of the positioning anchor point, which corresponds to the 

coordinate origin of the third local coordinate system, in the preset coordinate system 

of vehicle A, using formulas 𝑥௚ଷ஺ = 𝑥௥ଷ஺ + 𝑥଴ଷ  and 𝑦௚ଷ஺ = 𝑦௥ଷ஺ + 𝑦଴ଷ . The final 25 

coordinate (𝑥௚ଷ஺, 𝑦௚ଷ஺) of key A in the preset coordinate system of vehicle A is final 

position information of key A relative to vehicle A. 

[0081] (II) The method for positioning the key 11 when the number of the 
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determined reference anchor points is one is described as follows. 

[0082] If the key 11 and the vehicle are arranged as shown in scenario 3 in FIG. 2, 

a transmission mode of a ranging signal between the key 11 and UWB1 is LOS. 

However, a transmission mode of ranging signals between the key 11 and UWB2, 

UWB3, UWB4 is NLOS. The control apparatus 21 determines UWB1 as a reference 5 

anchor point based on respective distances between the four positioning anchor points 

UWB1, UWB2, UWB3, UWB4 and the key 11. 

[0083] The method for positioning the key 11 shown in the scenario 3 of FIG. 2 is 

as shown in FIG. 7. 

[0084] S201, after a vehicle completes a communication connection with a key 11 10 

of the vehicle, determining, by the control apparatus 21, respective distances between 

a plurality of positioning anchor points of the vehicle and the key 11 based on respective 

ranging signals between the plurality of positioning anchor points and the key 11. 

[0085] S202, if one reference anchor point is determined from the plurality of 

positioning anchor points, by the control apparatus 21, based on the respective distances 15 

between the plurality of positioning anchor points and the key 11, correcting a distance 

between a positioning anchor point adjacent to the one reference anchor point and the 

key 11 to obtain a corrected distance. 

[0086] If the control apparatus 21 determines one reference anchor point from the 

plurality of positioning anchor points based on the respective distances between the 20 

plurality of positioning anchor points and the key 11, then it means that a transmission 

mode of a ranging signal between a positioning anchor point adjacent to the one 

reference anchor point and the key 11 is NLOS. When a transmission mode of a ranging 

signal between a positioning anchor point and the key 11 is NLOS, it indicates that the 

ranging signal between the positioning anchor point and the key 11 is reflected or 25 

diffracted by a reflector during a transmission process, and a distance between the 

positioning anchor point and the key 11 determined based on the ranging signal 

reflected or diffracted by the reflector is greater than an actual distance between the 

positioning anchor point and the key 11. If the distance determined by the ranging signal 
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in NLOS transmission mode between the positioning anchor point and the key 11 is to 

be used for the positioning of the key 11, it is necessary to correct the distance 

determined by the ranging signal in NLOS transmission mode to obtain an accurate 

distance between the positioning anchor point and the key 11, so as to improve the 

positioning accuracy of the key 11. In this regard, an embodiment of the present 5 

application proposes to use a preset correction value to correct the distance determined 

by the ranging signal in NLOS transmission mode. 

[0087] Exemplarily, FIG. 8 is a schematic diagram of determining a preset 

correction value provided by an embodiment of the present application. As shown in 

FIG. 8, each of the four positioning anchor points of the vehicle (such as UWB1, UWB2, 10 

UWB3, UWB4) are preset to correspond to an anchor point preset area (such as a 5 m 

× 5 m area), and equidistant squares (such as 25 cm × 25 cm squares) are set in the 

anchor point preset area. The identification of each square can be represented by (𝑖, 𝑗), 

where 𝑖 represents a grid number in an X-axis direction in a preset coordinate system 

of the vehicle, and 𝑗  represents a grid number in a Y-axis direction in the preset 15 

coordinate system of the vehicle. The coordinate point (𝑋௜, 𝑌௝  ) in the square (𝑖, 𝑗 ) 

satisfies 𝛽௜ଵ ≤ 𝑋௜ ≤ 𝛽௜ଶ , and 𝛽௝ଵ ≤ 𝑌௝ ≤ 𝛽௝ଶ . For each square of each anchor point 

preset area, the key 11 is placed at a center position of the square, and respective 

distances between positioning anchor points adjacent to a positioning anchor point 

corresponding to the anchor point preset area and the key, determined by ranging signals 20 

in NLOS transmission mode, i.e., acquisition distances, are obtained; distances between 

a center position of a square and the positioning anchor points adjacent to the 

positioning anchor point corresponding to the anchor point preset area, i.e., theoretical 

distances, are calculated; and a difference between the acquisition distance and the 

theoretical distance is determined as a compensation value corresponding to the square. 25 

Optionally, the shape of the anchor point preset area can also be a sector, a circle, or 

other irregular shapes. 

[0088] As shown in FIG. 8, the adjacent positioning anchor points of UWB1 

include UWB2 and UWB4. The key 11 (such as key A in FIG. 8) is placed at a center 
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position of the square (𝑖, 𝑗) in an anchor point preset area corresponding to UWB1. An 

acquisition distance d21 between key A and UWB2 is obtained, and a theoretical 

distance d22 between key A and UWB2 is calculated, so that a compensation value 

∆𝑑2（𝑖, 𝑗）  of the adjacent positioning anchor point UWB2 corresponding to the 

square (𝑖, 𝑗 ), which is equal to 𝑑21 − d22, is determined. Similarly, an acquisition 5 

distance d41 between key A and UWB4 is obtained, and a theoretical distance d42 

between key A and UWB4 is calculated, so that a compensation value ∆𝑑4（𝑖, 𝑗） of 

the adjacent positioning anchor point UWB4 corresponding to the square (𝑖, 𝑗), which 

is equal to d41-d42, is determined. 

[0089] The compensation value corresponding to the square (𝑖, 𝑗) is also a preset 10 

correction value corresponding to the square (𝑖, 𝑗). After the preset correction value is 

determined, the control apparatus 21 can use the preset correction value to correct a 

distance determined by the ranging signal in NLOS transmission mode to obtain an 

accurate distance. 

[0090] Exemplarily, one positioning anchor point adjacent to the one reference 15 

anchor point is a first adjacent anchor point. If the control apparatus 21 determines the 

one reference anchor point from the plurality of positioning anchor points based on the 

respective distances between the plurality of positioning anchor points and the key 11, 

the control apparatus 21 uses a method similar to S101-S102 to perform positioning 

calculation on a distance between the one reference anchor point and the key 11 and a 20 

distance between the first adjacent anchor point and the key 11, as well as a distance 

between the one reference anchor point and the first adjacent anchor point, to obtain 

first position information of the key 11 relative to the vehicle. The control apparatus 21 

determines an identifier ( 𝑖, 𝑗 ) of the square corresponding to the first position 

information based on conditions 𝛽௜ଵ ≤ 𝑋௜ ≤ 𝛽௜ଶ and 𝛽௝ଵ ≤ 𝑌௝ ≤ 𝛽௝ଶ of a coordinate 25 

point (𝑋௜, 𝑌௝) in the square (𝑖, 𝑗). The control apparatus 21 determines a compensation 

value of the first adjacent anchor point corresponding to the square (𝑖, 𝑗) according to 

the identifier (𝑖, 𝑗) of the square. The compensation value of the first adjacent anchor 
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point corresponding to the square (𝑖, 𝑗) is a preset correction value corresponding to the 

first position information. The control apparatus 21 uses the preset correction value 

corresponding to the first position information to perform a correction calculation on 

the distance between the first adjacent anchor point and the key to obtain a corrected 

distance of the first adjacent anchor point. For example, the control apparatus 21 5 

subtracts the compensation value of the first adjacent anchor point corresponding to the 

square (𝑖, 𝑗) from the distance between the first adjacent anchor point and the key to 

obtain the corrected distance of the first adjacent anchor point. 

[0091] The control apparatus 21 adopts a method similar to S101-S102 to perform 

positioning calculation on a distance between the one reference anchor point and the 10 

key 11 and a distance between the first adjacent anchor point and the key 11, and a 

distance between the one reference anchor point and the first adjacent anchor point, so 

as to obtain first position information of the key 11 relative to the vehicle. For example, 

the control apparatus 21 takes a line connecting the one reference anchor point and the 

first adjacent anchor point as an X-axis, and takes the one reference anchor point or the 15 

first adjacent anchor point as a coordinate origin, to determine a first local coordinate 

system corresponding to the one reference anchor point and the first adjacent anchor 

point. Based on the distance between the one reference anchor point and the key, the 

distance between the first adjacent anchor point and the key, and the distance between 

the one reference anchor point and the first adjacent anchor point, the control apparatus 20 

21 determines a first local coordinate of the key 11 in the first local coordinate system 

according to the cosine theorem similar to the embodiment of FIG. 5. The control 

apparatus 21 adopts a similar method as shown in step S102 to perform coordinate 

system transformation processing on the first local coordinate, to obtain a first 

coordinate of the key 11 in a preset coordinate system of the vehicle, and the first 25 

coordinate is the first position information of the key 11 relative to the vehicle. 

[0092] After a corrected distance of the first adjacent anchor point is determined in 

step S202, step S203 may be executed based on the corrected distance of the first 

adjacent anchor point to determine final position information of the key 11 relative to 
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the vehicle. 

[0093] S203, performing, by the control apparatus 21, positioning calculation on a 

distance between the one reference anchor point and the key 11 and the corrected 

distance of the first adjacent anchor point to obtain final position information of the key 

11 relative to the vehicle. 5 

[0094] Exemplarily, the control apparatus 21 adopts a method similar to S101-S102 

to perform positioning calculation on a distance between the one reference anchor point 

and the key 11, the corrected distance of the first adjacent anchor point, and the distance 

between the one reference anchor point and the first adjacent anchor point to obtain the 

final position information of the key 11 relative to the vehicle. 10 

[0095] FIG. 9 is a schematic diagram of the relationship between a first area, a 

second area and an anchor point preset area provided by an embodiment of the present 

application. As shown in FIG. 9, each anchor point preset area includes two first areas 

(such as first area 1 and first area 2) and one second area. 

[0096] The first area indicates that the accuracy of a final position of the key 11 is 15 

related to one adjacent positioning anchor point of the one reference anchor point 

corresponding to the anchor point preset area. 

[0097] The second area represents that the accuracy of a final position of the key 

11 is related to two adjacent positioning anchor points of the one reference anchor point 

corresponding to the anchor point preset area. As shown in FIG. 9, the second area 20 

corresponding to UWB1 corresponds to the one reference anchor point UWB1, and 

adjacent positioning anchor points of the one reference anchor point UWB1 are UWB2 

and UWB4, respectively. For the same second area, such as the second area 

corresponding to UWB1 in FIG. 9, if the key 11 is located in the second area, position 

information obtained by positioning calculation for the key 11 based on UWB1 and 25 

UWB2, and position information obtained by positioning calculation for the key 11 

based on UWB1 and UWB4 are respectively located on both sides of a central axis of 

the second area. Therefore, when the key 11 is located in the second area, performing 

positioning calculation for the key 11, based on the one reference anchor point and one 
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adjacent positioning anchor point of the one reference anchor point, leads to a 

phenomenon of the position information obtained switching back and forth between 

both sides of the central axis of the second area. Therefore, the second area represents 

that the accuracy of the final position of the key 11 is related to two adjacent positioning 

anchor points of the one reference anchor point corresponding to the anchor point preset 5 

area. 

[0098] Optionally, an angle between the central axis of the second area and a Y axis 

(or X axis) of the preset coordinate system of the vehicle may be 45°. 

[0099] Optionally, a width of the second area can be determined based on a 

theoretical calculation and a measurement result of the key in an anchor point preset 10 

area. For example, the width of the second area 𝑊 = 10𝜎, where 𝜎 is a variance of a 

ranging error of a positioning apparatus at a positioning anchor point. If the positioning 

apparatus is a UWB apparatus, the corresponding 𝜎 is 6-10 (cm), and a probability 

within 3𝜎 is 0.9974 when a ranging is normally distributed. 

[0100] If the first position information determined in step S202 is located in the 15 

preset first area, the control apparatus 21 adopts a method similar to S101-S102 to 

perform positioning calculation on the distance between the one reference anchor point 

and the key 11, the corrected distance of the first adjacent anchor point, and the distance 

between the one reference anchor point and the first adjacent anchor point to obtain a 

first positioning result of the key 11, and determines the first positioning result as the 20 

final position information of the key 11 relative to the vehicle. 

[0101] Exemplarily, if first position information is located in the preset first area, 

the control apparatus 21 determines the first local coordinate system with a line 

connecting the one reference anchor point and the first adjacent anchor point as an X-

axis and the one reference anchor point or the first adjacent anchor point as a coordinate 25 

origin. Based on the distance between the one reference anchor point and the key, the 

corrected distance of the first adjacent anchor point, and the distance between the one 

reference anchor point and the first adjacent anchor point, the control apparatus 21 

determines a first corrected local coordinate of the key 11 in the first local coordinate 
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system using a cosine theorem calculation method similar to the embodiment of FIG. 

5. The control apparatus 21 uses a similar method as shown in step S102 to perform 

coordinate system transformation processing on the first corrected local coordinate to 

obtain the first corrected coordinate of the key 11 in the preset coordinate system of the 

vehicle. The control apparatus 21 determines the first corrected coordinate as the final 5 

position information of the key 11 relative to the vehicle, thereby increasing the 

positioning rate of the key 11. 

[0102] Another positioning anchor point adjacent to the one reference anchor point 

is a second adjacent anchor point. 

[0103] If the first position information determined in step S202 is located in a preset 10 

second area, the control apparatus 21 uses a method similar to S101-S102 to perform 

positioning calculation on the distance between the one reference anchor point and the 

key, a distance between the second adjacent anchor point and the key, and a distance 

between the one reference anchor point and the second adjacent anchor point, to obtain 

second position information of the key 11 relative to the vehicle. The control apparatus 15 

21 uses a preset correction value corresponding to the second position information to 

perform a correction calculation on the distance between the second adjacent anchor 

point and the key, to obtain a corrected distance of the second adjacent anchor point. 

The control apparatus 21 uses a method similar to S101-S102 to perform positioning 

calculation on the distance between the one reference anchor point and the key 11, the 20 

corrected distance of the second adjacent anchor point, and the distance between the 

one reference anchor point and the second adjacent anchor point, to obtain a second 

positioning result of the key 11. The control apparatus 21 determines an average value 

of the first positioning result and the second positioning result as final position 

information of the key 11 relative to the vehicle, so as to improve the positioning 25 

accuracy of the key 11 in the second area. 

[0104] The control apparatus 21 adopts a method similar to S101-S102 to perform 

positioning calculation on the distance between the one reference anchor point and the 

key 11, the corrected distance of the second adjacent anchor point, and the distance 
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between the one reference anchor point and the second adjacent anchor point, to obtain 

the second positioning result of the key 11. For example: the control apparatus 21 

determines a second local coordinate system with a line connecting the one reference 

anchor point and the second adjacent anchor point as an X-axis and the one reference 

anchor point or the second adjacent anchor point as a coordinate origin. The control 5 

apparatus 21 determines a second corrected local coordinate of the key 11 in the second 

local coordinate system based on the distance between the one reference anchor point 

and the key 11, the corrected distance of the second adjacent anchor point, and the 

distance between the one reference anchor point and the second adjacent anchor point, 

using a cosine theorem calculation method similar to the embodiment of FIG. 5. The 10 

control apparatus 21 adopts a method similar to that shown in step S102 to perform 

coordinate system transformation processing on the second corrected local coordinate 

to obtain a second corrected coordinate of the key 11 in the preset coordinate system of 

the vehicle. 

[0105] Exemplarily, the first positioning result includes the first corrected 15 

coordinate of the key 11 in the preset coordinate system of the vehicle. The second 

positioning result includes the second corrected coordinate of the key 11 in the preset 

coordinate system of the vehicle. If the first position information is located in the preset 

second area, the control apparatus 21 calculates a mean value of the coordinate values 

of the first corrected coordinate and the second corrected coordinate to obtain a final 20 

coordinate of the key 11 in the preset coordinate system of the vehicle. The final 

coordinate of the key 11 in the preset coordinate system of the vehicle is the final 

position information of the key 11 relative to the vehicle. 

[0106] In the same anchor point preset area, if a first area and an adjacent 

positioning anchor point are located on the same side of the second area, it indicates 25 

that the first area corresponds to the adjacent positioning anchor point. The adjacent 

positioning anchor point is an adjacent positioning anchor point of the positioning 

anchor point corresponding to the anchor point preset area. 

[0107] Optionally, if the control apparatus 21 determines one reference anchor 
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point from the plurality of positioning anchor points, based on the respective distances 

between the plurality of positioning anchor points and the key 11, the control apparatus 

21 may obtain the first position information corresponding to the first adjacent anchor 

point of the one reference anchor point and the second position information 

corresponding to the second adjacent anchor point of the one reference anchor point. If 5 

the control apparatus 21 determines that the first position information and the second 

position information are both located in the same first area, the control apparatus 21 

positions the key 11 based on an adjacent positioning anchor point corresponding to 

said first area and the one reference anchor point. The control apparatus 21 positions 

the key 11 based on the adjacent positioning anchor point corresponding to said first 10 

area and the one reference anchor point. For example, the control apparatus 21 uses a 

method similar to S101-S102 to perform positioning calculation on a corrected distance 

of the adjacent positioning anchor point corresponding to said first area, the distance 

between the one reference anchor point and the key 11, and a distance between the one 

reference anchor point and the adjacent positioning anchor point corresponding to said 15 

first area, to obtain final position information of the key 11 relative to the vehicle. 

[0108] After the control apparatus 21 obtains the final position information of the 

key 11 relative to the vehicle according to step S203, the control apparatus 21 executes 

step S204. 

[0109] S204, executing, by the control apparatus 21, a preset action corresponding 20 

to both the final position information of the key 11 relative to the vehicle and a control 

instruction issued by the key 11. 

[0110] Taking FIG. 6 as an example, the positioning of the vehicle key shown in 

FIG. 6 is exemplarily described in the manner shown in steps (1)-(4). 

(1) as shown in FIG. 6, after the control apparatus 21 of vehicle A completes 25 

a communication connection with key A of vehicle A, based on respective ranging 

signals between four positioning anchor points UWB1, UWB2, UWB3, UWB4 of 

vehicle A and key A, determining respective distances between UWB1, UWB2, UWB3, 

UWB4 and key A, represented as d1a, d2a, d3a, and d4a, respectively, where a 
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transmission mode of the ranging signal between key A and UWB1 is LOS, indicating 

that an actual distance between key A and UWB1 is the same as or equal to d1a, and a 

transmission mode of the ranging signal between key A and each of UWB2, UWB3, 

and UWB4 is NLOS, indicating that an actual distance between key A and UWB2 is 

less than d2a, an actual distance between key A and UWB3 is less than d3a, and an 5 

actual distance between key A and UWB4 is less than d4a; 

in an embodiment of the present application, an actual distance between two 

points refers to a straight-line distance between the two points. For example, an actual 

distance between key A and UWB4 is a straight-line distance between key A and UWB4. 

(2) determining, by the control apparatus 21, one reference anchor point 10 

UWB1, based on the respective distances between the four positioning anchor points 

UWB1, UWB2, UWB3, UWB4 and key A, where the positioning anchor points 

adjacent to UWB1 include UWB2 and UWB4; if UWB2 is the first adjacent anchor 

point, UWB4 is the second adjacent anchor point; 

(3) using, by the control apparatus 21, a method similar to that shown in 15 

steps S101-S102 to perform positioning calculation on a distance between UWB1 and 

key A, a distance between UWB2 and key A, and a distance between UWB1 and UWB2, 

so as to obtain first position information of key A; and using, by the control apparatus 

21, a method similar to that shown in steps S101-S102 to perform positioning 

calculation on a distance between UWB1 and key A, a distance between UWB4 and 20 

key A, and a distance between UWB1 and UWB4, so as to obtain second position 

information of key A; 

(4) if the first position information and the second location information are 

both located in the same first area, executing steps (4.1.1) to (4.1.4); if the first position 

information and the second location information are both located in the same second 25 

area, executing steps (4.2.1) to (4.2.5); 

(4.1.1) if the first position information and the second position information 

are both located in the same first area, the same first area is first area 1 in the anchor 

point preset area corresponding to UWB1 as shown in FIG. 8, and first area 1 
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corresponds to UWB4, determining, by the control apparatus 21, an identifier (𝑖ଵ, 𝑗ଵ) of 

a square corresponding to the second position information, according to the second 

position information. 

(4.1.2) correcting, by the control apparatus 21, a distance d4a between 

UWB4 and key A, using a compensation value ∆𝑑4（𝑖ଵ, 𝑗ଵ）  of the positioning 5 

anchor point UWB4 corresponding to the square (𝑖ଵ, 𝑗ଵ ), according to the formula: 

d4ax=d4a-∆𝑑4（𝑖ଵ, 𝑗ଵ）, so as to obtain a corrected distance d4ax corresponding to 

UWB4; 

(4.1.3) performing, by the control apparatus 21, positioning calculation on 

d1a, d4ax, and a distance between UWB1 and UWB4, using a method similar to that 10 

shown in steps S101-S102, so as to obtain a second corrected coordinate (x୥୅ଶ, y୥୅ଶ); 

and determining, by the control apparatus 21, (x୥୅ଶ, y୥୅ଶ) as a final coordinate of key 

A relative to vehicle A. 

(4.1.4) executing, by the control apparatus 21, a preset action corresponding 

to both final position information of key A relative to vehicle A (such as (𝑥௚஺ଶ, 𝑦௚஺ଶ)) 15 

and a control instruction issued by key A; 

(4.2.1) if the first position information and the second position information 

are both located in the same second area, and the same second area is the second area 

in an anchor point preset area corresponding to the UWB1 as shown in FIG. 8, 

determining, by the control apparatus 21, an identifier (𝑖ଵ, 𝑗ଵ) of a square corresponding 20 

to the second position information according to the second position information and an 

identifier (𝑖ଶ, 𝑗ଶ) of a square corresponding to the first position information according 

to the first position information; 

(4.2.2) correcting, by the control apparatus 21, a distance d4a between 

UWB4 and key A, using a compensation value ∆𝑑4（𝑖ଵ, 𝑗ଵ）  of the positioning 25 

anchor point UWB4 corresponding to the square (𝑖ଵ, 𝑗ଵ ), according to the formula: 

d4ax=d4a-∆𝑑4（𝑖ଵ, 𝑗ଵ）, so as to obtain a corrected distance d4ax corresponding to 
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UWB4; and correcting, by the control apparatus 21, a distance d2a between UWB2 and 

key A, using a compensation value ∆𝑑2（𝑖ଶ, 𝑗ଶ）  of the positioning anchor point 

UWB2 corresponding to the square ( 𝑖ଶ, 𝑗ଶ ), according to the formula: d2ax=d4a-

∆𝑑2（𝑖ଶ, 𝑗ଶ）, so as to obtain a corrected distance d2ax corresponding to UWB2; 

(4.2.3) performing, by the control apparatus 21, positioning calculation on 5 

d1a, d4ax, and a distance between UWB1 and UWB4, using a method similar to that 

shown in steps S101-S102, so as to obtain a second corrected coordinate (𝑥௚஺ଶ, 𝑦௚஺ଶ); 

and performing, by the control apparatus 21, positioning calculation on d1a, d2ax, and 

a distance between UWB1 and UWB2, using a method similar to that shown in steps 

S101-S102, so as to obtain a first corrected coordinate (𝑥௚஺ଵ, 𝑦௚஺ଵ); 10 

(4.2.4) calculating, by the control apparatus 21, a mean of the second 

corrected coordinate ( 𝑥௚஺ଶ, 𝑦௚஺ଶ ) and the first corrected coordinate ( 𝑥௚஺ଵ, 𝑦௚஺ଵ ), 

according to 𝑥௚஺ =
௫೒ಲభା௫೒ಲమ

ଶ
 and 𝑦௚஺ =

௬೒ಲభା௬೒ಲమ

ଶ
, so as to obtain a final coordinate 

(𝑥௚஺, 𝑦௚஺) of key A in the preset coordinate system of vehicle A; 

(4.2.5) executing, by the control apparatus 21, a preset action corresponding 15 

to both final position information of key A relative to vehicle A (such as (𝑥௚஺, 𝑦௚஺)) and 

a control instruction issued by key A. 

[0111] The positioning of key A shown in FIG. 6 is exemplarily described below 

with reference to the positioning process shown in FIG. 10. 

(a) after key A establishes a communication connection with vehicle A, 20 

initiating an outside-of-vehicle positioning of key A, and waiting for a control apparatus 

21 of vehicle A to initiate a positioning process; 

(b) after the control apparatus 21 initiates the positioning process, obtaining, 

by the control apparatus 21 of vehicle A, the following information of four positioning 

anchor points of vehicle A: state identifiers (such as valid identification), ToFs and 25 

RSSIs. 

(c) sorting, by the control apparatus 21, ToFs of the four positioning anchor 

points in ascending order to obtain an anchor point sequence. 
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(d) using, by the control apparatus 21, the first and second positioning 

anchor points in the anchor point sequence to perform dual-anchor point positioning of 

key A, using a positioning calculation method similar to steps S101-S102 to obtain a 

coordinate (x1, y1) of key A in a preset coordinate system of vehicle A. 

[0112] (e) determining, by the control apparatus 21, whether the coordinate (x1, y1) 5 

is located in an anchor point preset area, if not, performing step (e1) by the control 

apparatus 21; 

(e1) outputting the coordinate (x1, y1) as final position information (x, y) of 

key A; 

if yes, performing the following steps (e2)-(e4) by the control apparatus 21; 10 

(e2) correcting, the control apparatus 21, a distance between the second 

positioning anchor point in the anchor point sequence and key A to obtain a corrected 

distance. 

(e3) performing, the control apparatus 21, dual-anchor point positioning of 

key A, based on a distance between the first positioning anchor point and key A and the 15 

corrected distance corresponding to the second positioning anchor point, using a 

positioning calculation method similar to steps S101-S102, so as to obtain a coordinate 

(x2, y2) of key A in the preset coordinate system of vehicle A; 

(e4) determining, by the control apparatus 21, whether the coordinate (x1, 

y1) is located in the second area; if not, performing, by the control apparatus 21, step 20 

(e41); 

(e41) outputting, by the control apparatus 21, the coordinate (x2, y2) as final 

position information (x, y) of key A; 

if yes, executing, by the control apparatus 21, steps (e42)-(e45); 

(e42) correcting, by the control apparatus 21, a distance between a third 25 

positioning anchor point in the anchor point sequence and key A to obtain a corrected 

distance; 

(e43) based on the distance between the first positioning anchor point and 

key A and the corrected distance corresponding to the third positioning anchor point, 
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performing, by the control apparatus 21, dual-anchor point positioning of key A, using 

a positioning calculation method similar to steps S101-S102, so as to obtain a 

coordinate (x3, y3) of key A in the preset coordinate system of vehicle A; 

(e44) calculating, by the control apparatus 21, final position information (x, 

y) of key A relative to vehicle A, according to x=(x2+x3)/2 and y=(y2+y3)/2. 5 

(e45) outputting, by the control apparatus 21, the final position information 

(x, y) of key A. 

[0113] In the vehicle key positioning method provided in the present embodiment, 

a reference anchor point of LOS transmission is determined from a plurality of 

positioning anchor points. If the number of the reference anchor point is one, 10 

positioning calculation on a distance between the one reference anchor point of LOS 

transmission and the key and a corrected distance between an adjacent positioning 

anchor point of NLOS transmission and the key is performed to obtain the accurate 

final position information of the key relative to the vehicle, thereby improving the 

positioning accuracy of the key. In addition, if the key is located in a first area of an 15 

anchor point preset area, the reference anchor point and one positioning anchor point 

adjacent to the reference anchor point are used for positioning, thereby improving the 

key positioning speed. If the key is located in a second area of the anchor point preset 

area, corrected coordinates corresponding to two positioning anchor points adjacent to 

the reference anchor point are averaged to obtain the accurate final position information 20 

of the key relative to the vehicle, thereby improving the positioning accuracy of the key 

in the second area. The vehicle key positioning method provided by the embodiments 

of the present application reduces or even eliminates the adverse effect of the inaccurate 

distance information determined by the ranging signal of NLOS transmission on the 

positioning accuracy of the key, thereby improving the positioning accuracy of the key 25 

and solving the problem of inaccurate positioning in the key positioning method in the 

prior art. The vehicle key positioning method provided by the embodiment of the 

present application only needs to deploy four positioning anchor points to achieve 

accurate positioning of the key at different positions related to the vehicle, saving 
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positioning apparatus resources at the positioning anchor points. 

[0114] An embodiment of the present application also provides a control apparatus, 

and FIG. 11 is a first structural diagram of a control apparatus provided by an 

embodiment of the present application. As shown in FIG. 11, the control apparatus 

includes: a collection module 41, a processing module 42 and an operation module 43. 5 

[0115] The collection module 41 is configured to after a vehicle completes a 

communication connection with a key of the vehicle, determine respective distances 

between a plurality of positioning anchor points of the vehicle and the key, based on 

respective ranging signals between the plurality of positioning anchor points and the 

key. 10 

[0116] The processing module 42 is configured to: if one reference anchor point is 

determined from the plurality of positioning anchor points based on the respective 

distances between the plurality of positioning anchor points and the key, correct a 

distance between the key and a positioning anchor point adjacent to the one reference 

anchor point to obtain a corrected distance, where the reference anchor point indicates 15 

that a transmission mode of a ranging signal between the reference anchor point and 

the key is line-of-sight wireless transmission LOS. 

[0117] The processing module 42 is further configured to perform positioning 

calculation on a distance between the one reference anchor point and the key and the 

corrected distance to obtain final position information of the key relative to the vehicle. 20 

[0118] The operation module 43 is configured to execute a preset action 

corresponding to both the final position information of the key relative to the vehicle 

and a control instruction issued by the key. 

[0119] Optionally, the collection module 41 further includes a Bluetooth (BLE) 

module 411. The Bluetooth module 411 is configured to broadcast a BLE broadcast 25 

signal and also configured to measure a distance from the key with Bluetooth 

technology. 

[0120] The specific implementation principle and technical effect of the control 

apparatus provided by the embodiment of the present application are similar to the 
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specific implementation principle and technical effect of the embodiment shown in FIG. 

7, which will not be repeated here. 

[0121] An embodiment of the present application also provides a control apparatus. 

FIG. 12 is a second structural diagram of a control apparatus provided by an 

embodiment of the present application. As shown in FIG. 12, the control apparatus 5 

includes a processor 51 and a memory 52, and the memory 52 stores instructions 

executable by the processor 51, so that the processor 51 can be used to execute the 

technical solution of the above-mentioned method embodiments, and the 

implementation principle and technical effect thereof are similar, which will not be 

repeated here. It should be understood that the above-mentioned processor 51 can be a 10 

central processing unit (Central Processing Unit, referred to as: CPU), or other general-

purpose processors, digital signal processors (Digital Signal Processor, referred to as: 

DSP), application-specific integrated circuits (Application Specific Integrated Circuit, 

referred to as: ASIC), etc. The general-purpose processor can be a microprocessor or 

the processor can also be any conventional processor, etc. The steps of the method 15 

disclosed in the invention can be directly embodied as being executed by a hardware 

processor, or executed by a combination of hardware and software modules in the 

processor. The memory 52 may include a high-speed random access memory (Random 

Access Memory, referred to as: RAM), and may also include a non-volatile memory 

(Non-volatile memory, referred to as: NVM), such as at least one magnetic disk memory, 20 

and may also be a USB flash drive, a mobile hard disk, a read-only memory, a magnetic 

disk or an optical disk, etc. 

[0122] The embodiment of the present application also provides a storage medium, 

in which computer executable instructions are stored. When these computer executable 

instructions are executed by a processor, the above-mentioned vehicle key positioning 25 

method is implemented. The storage medium can be implemented by any type of 

volatile or non-volatile storage device or a combination thereof, such as static random 

access memory (Static Random-Access Memory, referred to as: SRAM), electrically 

erasable programmable read-only memory (Electrically-Erasable Programmable Read-
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Only Memory, referred to as: EEPROM), erasable programmable read-only memory 

(Erasable Programmable Read-Only Memory, referred to as: EPROM), programmable 

read-only memory (Programmable Read-Only Memory, referred to as: PROM), read-

only memory (Read-Only Memory, referred to as: ROM), magnetic memory, flash 

memory, magnetic disk or optical disk. The storage medium can be any available 5 

medium that can be accessed by a general or special-purpose computer. 

[0123] An exemplary storage medium is coupled to a processor so that the 

processor can read information from the storage medium and write information to the 

storage medium. Of course, the storage medium can also be a component of the 

processor. The processor and the storage medium can be located in an application 10 

specific integrated circuit (Application Specific Integrated Circuits, referred to as: 

ASIC). Of course, the processor and the storage medium can also exist as discrete 

components in an electronic device or a main control apparatus. 

[0124] An embodiment of the present application also provides a program product, 

such as a computer program, which, when executed by a processor, implements the 15 

vehicle key positioning method covered by the present application. 

[0125] Those of ordinary skill in the art can understand that all or part of the steps 

of implementing the above-mentioned method embodiments can be completed by 

hardware related to program instructions. The aforementioned program can be stored 

in a computer-readable storage medium. When the program is executed, the steps of the 20 

above-mentioned method embodiments are executed; and the aforementioned storage 

medium includes: ROM, RAM, magnetic disk or optical disk and other media that can 

store program codes. 

[0126] Finally, it should be noted that the above implementations are only used to 

illustrate the technical solutions of the present invention, rather than to limit it. Although 25 

the present invention has been described in detail with reference to the aforementioned 

implementations, those of ordinary skill in the art should understand that they can still 

modify the technical solutions described in the aforementioned implementations, or 

replace some or all of the technical features therein with equivalents. However, these 
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modifications or replacements do not cause the essence of the corresponding technical 

solutions to deviate from the scope of the technical solutions of the implementations of 

the present invention. 
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CLAIMS 

1. A vehicle key positioning method, comprising: 

after a vehicle completes a communication connection with a key of the vehicle, 

determining respective distances between a plurality of positioning anchor points of the 

vehicle and the key, based on respective ranging signals between the plurality of 5 

positioning anchor points and the key; 

if one reference anchor point is determined from the plurality of positioning anchor 

points based on the respective distances between the plurality of positioning anchor 

points and the key, correcting a distance between a positioning anchor point adjacent to 

the one reference anchor point and the key to obtain a corrected distance; wherein the 10 

reference anchor point indicates that a transmission mode of a ranging signal between 

the reference anchor point and the key is line-of-sight wireless transmission LOS;  

performing positioning calculation on a distance between the one reference anchor 

point and the key and the corrected distance to obtain final position information of the 

key relative to the vehicle;  15 

executing a preset action corresponding to both the final position information of 

the key relative to the vehicle and a control instruction issued by the key. 

2. The method according to claim 1, wherein the positioning anchor point adjacent 

to the one reference anchor point is a first adjacent anchor point;  

the correcting the distance between the key and the positioning anchor point 20 

adjacent to the one reference anchor point to obtain the corrected distance comprises:  

performing positioning calculation on the distance between the one reference 

anchor point and the key, a distance between the first adjacent anchor point and the key, 

and a distance between the one reference anchor point and the first adjacent anchor 

point, to obtain first position information of the key relative to the vehicle;  25 

performing correction calculation on the distance between the first adjacent anchor 

point and the key using a preset correction value corresponding to the first position 

information to obtain the corrected distance of the first adjacent anchor point. 
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3. The method according to claim 2, wherein the performing positioning 

calculation on the distance between the one reference anchor point and the key and the 

corrected distance to obtain the final position information of the key relative to the 

vehicle comprises: 

if the first position information is located in a preset first area, performing 5 

positioning calculation on the distance between the one reference anchor point and the 

key, the corrected distance of the first adjacent anchor point, and the distance between 

the one reference anchor point and the first adjacent anchor point to obtain a first 

positioning result of the key; wherein the first area indicates that an accuracy of a final 

position of the key is related to one adjacent positioning anchor point of the one 10 

reference anchor point;  

determining the first positioning result as the final position information of the key 

relative to the vehicle. 

4. The method according to claim 3, wherein another positioning anchor point 

adjacent to the one reference anchor point is a second adjacent anchor point;  15 

the performing positioning calculation on the distance between the one reference 

anchor point and the key and the corrected distance to obtain the final position 

information of the key relative to the vehicle comprises: 

if the first position information is located in a preset second area, performing 

positioning calculation on the distance between the one reference anchor point and the 20 

key, and a distance between the second adjacent anchor point and the key, and a distance 

between the one reference anchor point and the second adjacent anchor point, so as to 

obtain second position information of the key relative to the vehicle; wherein the second 

area indicates that the accuracy of the final position of the key is related to two adjacent 

positioning anchor points of the one reference anchor point;  25 

performing correction calculation on the distance between the second adjacent 

anchor point and the key using a preset correction value corresponding to the second 

position information to obtain a corrected distance of the second adjacent anchor point; 

performing positioning calculation on the distance between the one reference 
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anchor point and the key, the corrected distance of the second adjacent anchor point, 

and the distance between the one reference anchor point and the second adjacent anchor 

point to obtain a second positioning result of the key;  

determining an average value of the first positioning result and the second 

positioning result as the final position information of the key relative to the vehicle. 5 

5. The method according to any one of claims 2 to 4, wherein the performing 

positioning calculation on the distance between the one reference anchor point and the 

key, the distance between the first adjacent anchor point and the key, and the distance 

between the one reference anchor point and the first adjacent anchor point to obtain the 

first position information of the key relative to the vehicle comprises:  10 

determining a first local coordinate system by taking a line connecting the one 

reference anchor point and the first adjacent anchor point as an X-axis and taking the 

one reference anchor point or the first adjacent anchor point as a coordinate origin;  

determining a first local coordinate of the key in the first local coordinate system 

based on the distance between the one reference anchor point and the key, the distance 15 

between the first adjacent anchor point and the key, and the distance between the one 

reference anchor point and the first adjacent anchor point;  

performing coordinate system transformation processing on the first local 

coordinate to obtain a first coordinate of the key in a preset coordinate system of the 

vehicle, wherein the first coordinate is the first position information of the key relative 20 

to the vehicle. 

6. The method according to claim 4, wherein the performing positioning 

calculation on the distance between the one reference anchor point and the key, the 

corrected distance of the first adjacent anchor point, and the distance between the one 

reference anchor point and the first adjacent anchor point to obtain the first positioning 25 

result of the key comprises:  

determining a first local coordinate system by taking a line connecting the one 

reference anchor point and the first adjacent anchor point as an X-axis and taking the 

one reference anchor point or the first adjacent anchor point as a coordinate origin;  
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determining a first corrected local coordinate of the key in the first local coordinate 

system based on the distance between the one reference anchor point and the key, the 

corrected distance of the first adjacent anchor point, and the distance between the one 

reference anchor point and the first adjacent anchor point;  

performing coordinate system transformation processing on the first corrected 5 

local coordinate to obtain a first corrected coordinate of the key in a preset coordinate 

system of the vehicle;  

the performing positioning calculation on the distance between the one reference 

anchor point and the key, the corrected distance of the second adjacent anchor point, 

and the distance between the one reference anchor point and the second adjacent anchor 10 

point to obtain the second positioning result of the key comprises:  

determining a second local coordinate system by taking a line connecting the one 

reference anchor point and the second adjacent anchor point as an X-axis and taking 

the one reference anchor point or the second adjacent anchor point as a coordinate origin;  

determining a second corrected local coordinate of the key in the second local 15 

coordinate system based on the distance between the one reference anchor point and 

the key, the corrected distance of the second adjacent anchor point, and the distance 

between the one reference anchor point and the second adjacent anchor point;  

performing coordinate system transformation processing on the second corrected 

local coordinate to obtain a second corrected coordinate of the key in the preset 20 

coordinate system of the vehicle. 

7. The method according to claim 6, wherein the determining the average value of 

the first positioning result and the second positioning result as the final position 

information of the key relative to the vehicle comprises:  

averaging the first corrected coordinate and the second corrected coordinate to 25 

obtain a final coordinate of the key in the preset coordinate system of the vehicle. 

8. A control apparatus, comprising: a collection module, a processing module and 

an operation module; wherein, 

the collection module is configured to after a vehicle completes a communication 
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connection with a key of the vehicle, determine respective distances between a plurality 

of positioning anchor points of the vehicle and the key, based on respective ranging 

signals between the plurality of positioning anchor points and the key;  

the processing module is configured to: if one reference anchor point is determined 

from the plurality of positioning anchor points based on the respective distances 5 

between the plurality of positioning anchor points and the key, correct a distance 

between the key and a positioning anchor point adjacent to the one reference anchor 

point to obtain a corrected distance; wherein the reference anchor point indicates that a 

transmission mode of a ranging signal between the reference anchor point and the key 

is line-of-sight wireless transmission LOS;  10 

the processing module is further configured to perform positioning calculation on 

a distance between the one reference anchor point and the key and the corrected distance 

to obtain final position information of the key relative to the vehicle;  

the operation module is configured to execute a preset action corresponding to 

both the final position information of the key relative to the vehicle and a control 15 

instruction issued by the key. 

9. A control apparatus, comprising:  

a processor and a memory; wherein, 

the memory stores executable instructions executable by the processor; and 

the processor executes the executable instructions stored in the memory, so that 20 

the processor executes the method according to any one of claims 1 to 7. 

10. A storage medium, wherein the storage medium stores computer-executable 

instructions, and the computer-executable instructions, when executed by a processor, 

are used to implement the method according to any one of claims 1 to 7. 


