
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2019/072949 A2
18 April 2019 (18.04.2019) W 1P O PCT

(51) International Patent Classification: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
G08G 1/16 (2006.01) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(21) International Application Number:

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
PCT/EP20 18/077684

(84) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of regional protection available): ARIPO (BW, GH,

11 October 2018 ( 11. 10.2018)
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(25) Filing Language: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(26) Publication Language: English
EE, ES, FI, FR, GB, GR, HR, HU, ΓΕ , IS, IT, LT, LU, LV,

(30) Priority Data: MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

62/572390 13 October 2017 (13. 10.2017) US TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(71) Applicant: ROBERT BOSCH GMBH [DE/DE]; Postfach
30 02 20, 70442 Stuttgart (DE). Published:

(72) Inventors: SCHWINDT, Oliver F.; 1692 South Mary Av¬ — without international search report and to be republished
enue, Sunnyvale, California 94087 (US). BERLING, To¬ upon receipt of that report (Rule 48. 2(g))

bias; 415 Del Medio Avenue, Apt. 9, Mountain View, Cal¬

ifornia 94040 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available) : AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,

(54) Title: SYSTEMS AND METHODS FOR VEHICLE TO IMPROVE AN ORIENTATION ESTIMATION OF A TRAFFIC
PARTICIPANT

(57) Abstract: A system and method for estimating an orientation of a
traffic participant. In one example, the system includes a sensor con¬
figured to detect a traffic participant and an electronic controller con¬
figured to receive a signal from the sensor, compare a location of the
vehicle to a map of expected orientation of traffic participants to es¬

timate an orientation of the traffic participant, perform a calculation
based upon the signal from the sensor to estimate an orientation of the
traffic participant if an expected orientation is not determined by the
comparison of the location of the vehicle to the map of expected ori¬

entation of traffic participants, and generate a notification based upon
the estimated orientation of the traffic participant.

©

o
o



SYSTEMS AND METHODS FOR ESTIMATING AN ORIENTATION OF A TRAFFIC
PARTICIPANT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.

62/572,390, filed October 13, 2017, the application of which is incorporated herein by reference

in its entirety.

FIELD

[0002] Embodiments relate to systems and methods for estimating an orientation of a traffic

participant.

SUMMARY

[0003] Many modern vehicles require a means for not only detecting other vehicles in the

general vicinity, but also determining where other vehicles may be navigating to. For instance,

an autonomous or partially autonomous vehicle (sometimes referred to as a "host vehicle" may

desire to track the heading or in some case the orientation of a separate vehicle (sometimes

referred to as a "target vehicle") in order to determine if a collision will occur. To track the

orientation of the separate vehicle, the autonomous vehicle utilizes a sensor to determine a

distance between the two vehicles, estimate an orientation of the separate vehicle, and estimate a

rate of change of the orientation of the separate vehicle.

[0004] Embodiments described herein relate to systems and methods for estimating an

orientation of a separate vehicle and, more broadly, a traffic participant (which could include a

separate vehicle, objects, and animals that may exist in traffic).

[0005] One embodiment provides a system for estimating an orientation of a traffic

participant. The system comprises a sensor configured to detect a traffic participant; and an

electronic controller configured to receive a signal from the sensor, compare a location of the

vehicle to a map of expected orientation of traffic participants to estimate an orientation of the

traffic participant, perform a calculation based upon the signal from the sensor to estimate an



orientation of the traffic participant if an expected orientation is not determined by the

comparison of the location of the vehicle to the map of expected orientation of traffic

participants, and generate a notification based upon the estimated orientation of the traffic

participant.

[0006] In another embodiment, a method for estimating an orientation of a traffic participant

is described. The method comprises generating, with a sensor, a signal, receiving, with an

electronic controller, the generated signal, comparing, with the electronic controller, a location of

a vehicle to a map of expected orientation of traffic participants to estimate an orientation of the

traffic participant, performing, with the electronic controller, a calculation based upon the

generated signal from the sensor to estimate an orientation of the traffic participant if an

expected orientation is not determined by the comparison of the location of the vehicle to the

map of expected orientation of traffic participants, and generating, with the electronic controller,

a notification based upon the estimated orientation of the traffic participant.

[0007] Other aspects, features, and embodiments will become apparent by consideration of

the detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram of a vehicle with a system for estimating an orientation of a

traffic participant according to one embodiment.

[0009] FIG. 2 is an illustrative example of an electronic controller according to one

embodiment.

[0010] FIG. 3 is a flowchart illustrating a method of estimating an orientation of a traffic

participant according to one embodiment.

[0011] FIG. 4 illustrates a detailed map according to one embodiment.

DETAILED DESCRIPTION

[0012] Before any embodiments are explained in detail, it is to be understood that this

disclosure is not intended to be limited in its application to the details of construction and the



arrangement of components set forth in the following description or illustrated in the following

drawings. Embodiments are capable of other configurations and of being practiced or of being

carried out in various ways.

[0013] A plurality of hardware and software based devices, as well as a plurality of different

structural components may be used to implement various embodiments. In addition,

embodiments may include hardware, software, and electronic components or modules that, for

purposes of discussion, may be illustrated and described as if the majority of the components

were implemented solely in hardware. However, one of ordinary skill in the art, and based on a

reading of this detailed description, would recognize that, in at least one embodiment, the

electronic based aspects of the invention may be implemented in software (for example, stored

on non-transitory computer-readable medium) executable by one or more processors. For

example, "control units" and "controllers" described in the specification can include one or more

electronic processors, one or more memory modules including non-transitory computer-readable

medium, one or more input/output interfaces, one or more application specific integrated circuits

(ASICs), and various connections (for example, a system bus) connecting the various

components.

[0014] For the purposes of this document, the term "traffic participant" is a vehicle, a

pedestrian or other entity that actively interacts with a flow of traffic. For example, a vehicle

driving in an adjacent lane is a traffic participant. In another example, a bicycle is a traffic

participant.

[0015] For the purposes of this document, the term "orientation" is a direction of travel of a

traffic participant. The orientation may include an angle of travel of the traffic participant, a

heading or bearing, and the like. The orientation of the traffic participant may be in relation to a

vehicle equipped with a system as described below.

[0016] FIG. 1 illustrates an example of a vehicle 100 equipped with a system 105 for

estimating an orientation of a traffic participant according to one embodiment. The system 105

comprises a sensor 110 and an electronic controller 115 and has one or more wheels 120-123.



[0017] The sensor 110 is configured to detect a traffic participant (such as traffic participant

130). In one embodiment, the sensor 110 is a laser sensor, such as a Lidar sensor. The sensor

110 is configured to detect a distance 135 to the traffic participant, an angle 140 of the traffic

participant relative to the vehicle 100, a number of returns from the traffic participant to the

sensor 110, and the like. The sensor 110 is, in one embodiment, an array of sensors positioned at

various points on the vehicle 100 in order to detect a plurality of traffic participants in all

directions around the vehicle 100.

[0018] The electronic controller 115 is communicatively coupled to the sensor 110 via

various wired or wireless connections. In one embodiment, the electronic controller 115 is

connected to the sensor 110 via a dedicated wire connection. In other embodiments, the

electronic controller 115 is communicatively coupled to the sensor 110 via a shared

communication link such as a vehicle communication bus (for example, a controller area

network (CAN) bus) or a wireless vehicle network.

[0019] In some embodiments, the system 105 also includes a notification indicator 120. The

notification indicator 120 is configured to provide a notification to an operator of the vehicle

100. In one embodiment, the notification indicator 120 is a display screen that displays the

notification for the operator of the vehicle 100. In one example, the notification includes the

location, estimated orientation, and other information of a traffic participant. The notification

may also include information for more than one traffic participant. The notification indicator

120 is communicatively coupled to the electronic controller 115 in similar ways to the sensor

110 as discussed above.

[0020] In some embodiments, the system 105 also includes a wireless transceiver 125. The

electronic controller 115 is configured to send and receive data with a remote location or a

remote device via the wireless transceiver 125. The wireless transceiver 125 is communicatively

coupled to the electronic controller 115 in similar ways to other components discussed above.

[0021] FIG. 2 is an illustrative example of an electronic controller, such as the electronic

controller 115. The electronic controller 115 includes a plurality of electrical and electronic

components that provide power, operation control, and protection to the components and

modules within the electronic controller 115. In the example illustrated, the electronic controller



115 includes an electronic processor 205 (such as a programmable electronic microprocessor,

microcontroller, or similar device), a memory 210 (for example, non-transitory, machine-

readable memory), and an input-output interface 215. The electronic processor 205 is

communicatively connected to the memory 210 and the input-output interface 215. The

electronic processor 205, in coordination with the memory 210 and the input-output interface

215, is configured to implement, among other things, the methods described herein.

[0022] The memory 210 stores a detailed map 220. The detailed map 220 includes

information about the direction of travel that other traffic participants other than the vehicle 100

would be expected to be present in. An embodiment of the detailed map 220 is discussed below.

[0023] The electronic controller 115, in some embodiments, may be implemented in several

independent controllers (for example, programmable electronic control units) each configured to

perform specific functions or sub-functions. Additionally, the electronic controller 115 may

contain sub-modules that include additional electronic processors, memory, or application-

specific integrated circuits (ASICs) for handling input-output functions, processing of signals,

and application of the methods listed below. In other embodiments, the electronic controller 115

includes additional, fewer, or different components.

[0024] FIG. 3 is a flowchart illustrating a method 300 of estimating an orientation of a traffic

participant according to one embodiment.

[0025] The sensor 110 generates a signal (at block 305). In one embodiment, the sensor 110

detects a traffic participant along with information about the traffic participant, such as a distance

from the vehicle 100 to the traffic participant, an angle of the traffic participant relative to the

vehicle 100, and the like. In other embodiments, the sensor 110 is also configured to detect a

number of returns that the sensor 110 receives from a traffic participant. For example, the sensor

110 may detect a traffic participant multiple times and determine an angle of the traffic

participant relative to the vehicle 100, a distance from the vehicle 100, and the like based upon

an average of the multiple detections. The sensor 110 then generates the signal in response to

detecting the traffic participant. The signal, in some embodiments, includes the information

(such as the distance from the vehicle 100 to the traffic participant) detected by the sensor 110.



[0026] The sensor 110 then sends the generated signal to the electronic controller 115, which

receives the generated signal (at block 310). The electronic controller 115 receives the generated

signal through the input-output interface 215. In some embodiments, the information contained

within the generated signal is stored in the memory 210 before being processed by the electronic

processor 205 of the electronic controller 115.

[0027] The electronic controller 115 compares a location of the vehicle 100 with the detailed

map 220 of expected orientation of traffic participants to estimate an orientation of the traffic

participant (at block 315). An example of the detailed map 220 is illustrated in FIG. 4 .

[0028] The detailed map 220 contains information about how many lanes (such as lanes 400

and 405) are on a particular road 410 and also indicates the expected direction of travel of traffic

participants located in the lanes 400 and 405 (such as an expected direction of travel for a one

way lane, an expected direction of travel for a particular lane of a multi-lane highway, and the

like). For example, arrow 412 illustrates an expected direction of travel for traffic at the location

of the arrow 412.

[0029] In some embodiments, the detailed map 220 is partially or wholly stored on a remote

memory and not the memory 210. In these embodiments, the electronic processor 205 is

configured to communicate with the remote memory to access the detailed map 220. It is to be

understood that FIG. 4 illustrates a graphical representation of information that is stored in the

memory 220.

[0030] Using the detailed map 220, the electronic controller 115 uses the signal sent from the

sensor 110 to determine where a traffic participant is located on the detailed map 220 and, based

upon the location of the traffic participant, estimate the orientation of the traffic participant using

the expected direction of travel of the traffic participant, a determined lane the traffic participant

is in, and the like. For example, in the detailed map 220, a vehicle detected at location 415 would

have an expected orientation of 180° with respect to the vehicle 100, whereas a vehicle detected

at location 420 would have an expected orientation of 30° with respect to the vehicle 100. As

shown in FIG. 4, different locations (represented by arrows such as locations 412, 415, and 420)

have different expected directions of travel (for example, at location 420, a different expected



direction of travel is expected for a vehicle going around a curve than a vehicle traveling on a

straight portion of the road410, such as at location 412).

[0031] The vehicle 100 must also be able to be accurately located on the detailed map 220

(for example, at location 430). In some embodiments, the electronic controller 115 receives a

location of the vehicle 100 via the wireless transceiver 125. The electronic controller 115 is

configured to use the location of the vehicle 100 in order to determine the location of the traffic

participant based upon a distance received by the sensor and an angle received by the sensor.

The electronic controller 115 then uses this location to estimate an orientation of the traffic

participant based upon the expected direction of travel for the determined location on the detailed

map 220.

[0032] There are some scenarios in which the detailed map 220 will not be able to give an

accurate estimation of orientation for a traffic participant. For example, in some circumstances,

the traffic participant or the vehicle 100 is in a location that does not have an expected direction

of travel, such as a parking lot or other large, open space. In another circumstance, the traffic

participant or the vehicle 100 is at a location that has multiple expected directions of travel, such

as an intersection, a roundabout, and the like.

[0033] If the detailed map 220 cannot give an accurate estimation of orientation, or if the

detailed map 220 is not available, the electronic controller 115 performs a calculation based upon

the signal from the sensor to estimate an orientation of the traffic participant (at block 320). The

calculation is performed by the electronic processor 205 of the electronic controller 115.

[0034] The calculation, in some embodiments, assumes that all traffic is driving parallel to

the vehicle 100. Using this assumption, the expected orientation of the traffic participant can be

calculated. A second assumption is made in assuming the motion of the traffic participant is

parabolic, and can be modeled as follows:

y = 0.5 * K * x 2

(Equation 1)



[0035] where K is a road curvature (K) derived from 1/radius, x is a longitudinal distance,

and y is as lateral distance.

[0036] The change in lateral distance over the change in longitudinal distance is equivalent

to the tangent of the orientation angle, as shown in Equation 2, below.

(Equation 2)

[0037] The orientation can then be derived as follows:

orientation = atan ( * x

(Equation 3)

[0038] In this way, an orientation of the traffic participant can be determined. The electronic

controller 115 is configured in some embodiments to store the orientation in the memory 210 and

associate the orientation with the traffic participant. The electronic controller 115, in also

embodiments, is able to store a plurality of traffic participants with associated orientations in the

memory 210.

[0039] The calculation may also include determining a change in orientation over time,

referred to hereinafter as a yaw rate. For example, the signal received from the sensor 110 may

include a plurality of different times where the sensor 110 detected the traffic participant, each

time including a different distance value. The electronic controller 115 is configured to perform

Equation 3 for each received distance and determine a total change in orientation over a total

change in time, as exemplified by Equation 4 below.

= diorientation) / dt

(Equation 4)



[0040] The yaw rate may be associated with the traffic participant and stored in the memory

210 in some embodiments. The calculation that utilizes the detailed map 220 and the

assumptions as stated above is hereinafter referred to as a yaw-constrained model.

[0041] In other embodiments, the electronic controller 115 is configured to track the traffic

participant by performing the calculation multiple times and associating the result with the same

traffic participant every time. The electronic controller 115 may associate an identity with each

traffic participant being tracked in order to differentiate between different target traffic

participants detected by the sensor 110.

[0042] In other embodiments, the calculation also includes utilizing a non-yaw-constrained

model of determining orientation. In these embodiments, the non-yaw-constrained model makes

up for the deficiencies of the yaw-constrained model. For example, in some embodiments, a

traffic participant may be changing lanes, which utilizing the yaw-constrained model may give

an inaccurate estimation of orientation of the traffic participant. Therefore, non-yaw-constrained

models of tracking orientation may be utilized in conjunction with the yaw-constrained models

to track the traffic participants.

[0043] The non-yaw-constrained models suffer their own deficiencies. For example, non-

yaw-constrained models see high variance and inaccuracy in poor measuring conditions, such as

poor angular accuracy of the sensor 110 in relation to the traffic participant, large distances

between the sensor 110 and the traffic participant, too few returns of the signal of the sensor 110,

and the like.

[0044] Some embodiments, therefore, combine a yaw-constrained model and a non-yaw-

constrained model. To combine the yaw-constrained model and a non-yaw-constrained model,

the electronic controller 115 is configured to determine what a probability that the yaw-

constrained model is within an uncertainty of the non-yaw-constrained model is.

Mathematically, and assuming a Gaussian distribution, the probability that the yaw-constrained

model is within an uncertainty of the non-yaw-constrained model is:

Likelihood of yaw constrained



(orientation of yaw constrained —orientation of non yaw constrained) 2
= e (-0.5 * : :orientation variance of non yaw constrained

(Equation 5)

[0045] Because orientation is an angle, the difference needs to be the shortest path around a

circle and needs to handle the -pi to pi boundary correctly. The likelihood_yaw constrained

value gives the contribution factor of the yaw-constrained model. The non-yaw-constrained

model's contribution factor would be 1- likelihood_yaw constrained. Other likelihood functions

could also be utilized here.

[0046] An effect of mixing the yaw-constrained model and the non-yaw-constrained model

is two-fold. First, if the non-yaw-constrained model has poor orientation estimation, then it

would have a large variance. Even if the non-yaw-constrained estimation deviates considerably

from the yaw-constrained model, the yaw-constrained model would be dominant and correct

these tracks. Second, if the non-yaw-constrained model has good orientation estimation, it

would have a small variance. If the non-yaw-constrained estimation deviates considerably, then

the yaw-constrained model would essentially not contribute to the estimation. Therefore, for

well-measured traffic participants, there is no dependency to follow the expected direction from

the detailed map 220 or from the assumptions of all traffic participants driving parallel to the

vehicle 100.

[0047] The electronic controller 115, after determining an estimated orientation of the traffic

participant, generates a notification using the estimated orientation (at block 325). In some

embodiments, the electronic controller 115 generates an identifier for the traffic participant and

generates a notification using both the identifier and the estimated orientation of the traffic

participant. In other embodiments, the notification may also include a position on the detailed

map 220.

[0048] In some embodiments, the electronic controller 115 is also configured to send the

notification to the notification indicator 120. For example, the notification indicator 120 may be

a display screen, which then displays the detailed map 220 with a location of the vehicle 100 and

a location and estimated orientation of the traffic participant displayed in real-time on the

detailed map 220.



[0049] In some embodiments, the electronic controller 115 is configured to send the

notification to a remote location or device via the wireless transceiver 125. For example, the

vehicle 100 may be an autonomous vehicle. In this case, the vehicle 100 may be remotely

monitored. The electronic controller 115 therefore creates the notification and sends the

notification via the wireless transceiver 125 to the remote location so that a computer system or

human operator can monitor the vehicle 100 and the traffic participants tracked by the system

105.

[0045] Various features, advantages, and embodiments are set forth in the following claims.



CLAIMS

What is claimed is:

1. A system for estimating an orientation of a traffic participant, the system comprising:

a sensor configured to detect a traffic participant; and

an electronic controller configured to

receive a signal from the sensor,

compare a location of the vehicle to a map of expected orientation of traffic

participants to estimate an orientation of the traffic participant,

perform a calculation based upon the signal from the sensor to estimate an

orientation of the traffic participant if an expected orientation is not determined by the

comparison of the location of the vehicle to the map of expected orientation of traffic

participants, and

generate a notification based upon the estimated orientation of the traffic

participant.

2 . The system of claim 1, wherein the signal from the sensor comprises at least one selected

from the group of a distance to the traffic participant, an angle of the traffic participant relative to

the vehicle, and a number of returns.

3. The system of claim 1, further comprising a notification indicator.

4 . The system of claim 3, wherein the electronic controller is further configured to send the

generated notification to the notification indicator.

5. The system of claim 1, wherein the map of expected orientation of traffic participants is

stored in a memory.

6 . The system of claim 1, wherein, for each point on the map of expected orientation of

traffic participants, the point has at least one selected from the group of a known orientation of

traffic participants, an expected orientation of traffic participants, multiple possible orientations

of traffic participants, and no orientation value of traffic participants.



7 . The system of claim 1, wherein the calculation is based upon an assumption that all

traffic is travelling parallel to the vehicle.

8. The system of claim 1, wherein the electronic controller is further configured to track the

traffic participant.

9 . The system of claim 8, wherein the calculation is further based upon a determined

likelihood that the tracked traffic participant is travelling at the estimated orientation.

10. The system of claim 1, the system further comprising a wireless transceiver.

11. The system of claim 10, wherein the electronic controller is further configured to send the

generated notification to a remote location using the wireless transceiver.

12. A method of estimating an orientation of a traffic participant, the method comprising:

generating, with a sensor, a signal,

receiving, with an electronic controller , the generated signal,

comparing, with the electronic controller, a location of a vehicle to a map of expected

orientation of traffic participants to estimate an orientation of the traffic participant,

performing, with the electronic controller, a calculation based upon the generated signal

from the sensor to estimate an orientation of the traffic participant if an expected orientation is

not determined by the comparison of the location of the vehicle to the map of expected

orientation of traffic participants, and

generating, with the electronic controller, a notification based upon the estimated

orientation of the traffic participant.

13. The method of claim 12, wherein the signal from the sensor comprises at least one

selected from the group of a distance to the traffic participant, an angle of the traffic participant

relative to the vehicle, and a number of returns.



14. The method of claim 12, the method further comprising sending the generated

notification to a notification indicator.

15. The method of claim 12, wherein the map of expected orientation of traffic participants is

stored in a memory.

16. The method of claim 12, wherein, for each point on the map of expected orientation of

traffic participants, the point has at least one selected from the group of a known orientation of

traffic participants, an expected orientation of traffic participants, multiple possible orientations

of traffic participants, and no orientation value of traffic participants.

17. The method of claim 12, wherein the calculation is based upon an assumption that all

traffic is travelling parallel to the vehicle.

18. The method of claim 12, the method further comprising tracking, with the electronic

controller, the traffic participant based upon the estimated orientation of the traffic participant.

19. The method of claim 18, wherein the calculation is further based upon a determined

likelihood that the tracked traffic participant is travelling at the estimated orientation.

20. The method of claim 12, the method further comprising sending, with the electronic

controller, the generated notification to a remote location via a wireless transceiver.
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