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ABSTRACT

Driving scene topology reasoning aims to understand the objects
present in the current road scene and model their topology rela-
tionships to provide guidance information for downstream tasks.
Previous approaches fail to adequately facilitate interactions among
traffic objects and neglect to incorporate scene information into
topology reasoning, thus limiting the comprehensive exploration of
potential correlations among objects and diminishing the practical
significance of the reasoning results. Besides, the lack of constraints
on lane direction may introduce erroneous guidance information
and lead to a decrease in topology prediction accuracy. In this paper,
we propose a novel topology reasoning framework, dubbed TSTGT,
to address these issues. Specifically, we design a divide-and-conquer
topology graph Transformer to respectively infer the lane-lane and
lane-traffic topology relationships, which can effectively aggregate
the local and global object information in the driving scene and
facilitate the topology relationship learning. Additionally, a traffic
scene-assisted reasoning module is devised and combined with the
topology graph Transformer to enhance the practical significance
of lane-traffic topology. In terms of lane detection, we develop a
point-wise matching strategy to infer lane centerlines with correct
directions, thereby improving the topology reasoning accuracy. Ex-
tensive experimental results on Openlane-V2 benchmark validate
the superiority of our TSTGT over state-of-the-art methods and
the effectiveness of our proposed modules.
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1 INTRODUCTION

Driving scene topology reasoning aims to detect lane and traffic
elements in multi-view images captured by onboard cameras, and to
construct the topology relationships between them. This emerging
task of scene understanding provides a more natural integration for
perception and planning tasks in autonomous driving, attracting
significant attention in the research community. The driving scene
topology reasoning task can provide information about drivable
areas and traffic signals, so as to offer clear navigation signals
for downstream tasks such as motion prediction and planning.
Compared to the lane detection task and the 3D object detection
task, driving scene topology reasoning is more challenging because
of the difficulty in understanding the topology relationships of
objects in complex scenes.

Recently, Wang et al. [44] proposed a dataset called Openlane-V2
that defines the objectives of the driving scene topology reason-
ing task. Specifically, given multi-view images, topology reasoning
aims to learn the vectorized road graph between centerlines and
traffic elements. It includes four sub-tasks, namely lane centerline
detection, traffic element detection, lane-lane topology reasoning
and lane-traffic topology reasoning. Some explorations are advanc-
ing the field. For instance, Li et al. [26] proposed the TopoNet,
which uses a GCN [23] to construct topology relationships between
heterogeneous features. Wu et al. [48] proposed the state-of-the-
art TopoMLP, where the concept of "first-detect-then-reason" is
introduced and a simple MLP is employed to build the topology
relationships of target objects.

Despite the impressive performance of some existing methods,
there are still some drawbacks that need to be addressed. First, an
important challenge in this task is how to construct the topology
relationships of lane-lane and lane-traffic, while previous meth-
ods are not perfect in this aspect. As shown in Fig.1 (a), TopoNet
[26] adopted a graph convolutional network (GCN) to construct
topology relationships. However, using a single graph model to
simultaneously build topology relationships between homogeneous
and heterogeneous features may lead to confusion of object infor-
mation. In addition, simultaneous detection and reasoning may
result in the loss of object information. Therefore, TopoMLP [48]
proposed the strategy of "first-detect-then-reason" and utilized two
separate sets of MLPs to predict the topology relationships between
different types of objects, as shown in Fig.1 (b). Nevertheless, from
a graph perspective, MLPs can only aggregate information between
pairs of nodes and cannot capture information from local and global
nodes. This makes it difficult to effectively acquire intrinsic con-
nections between objects. Second, solely relying on data without
considering the practical significance of objects to construct topol-
ogy relationships cannot effectively address complex driving scenes.
Effective constraints on topology reasoning results based on traf-
fic rules and the potential topology relationships provided by the
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Figure 1: Comparison of previous driving scene topology
reasoning method and our proposed TSTGT. (a) TopoNet, (b)
TopoMLP, (c) TSTGT

traffic scene are another indispensable strategy. Third, lanes are
inherently directional and the detected lane orientation can have a
significant impact on the results of lane-lane topology reasoning.
Previous methods, such as MapTR [30], employed hierarchical bi-
partite matching to constrain the orientation of HD Map objects.
In contrast, designing an approach to ensure the correct lane orien-
tation in the driving scene topology reasoning task remains to be
developed.

In this study, we propose TSTGT (Traffic Scene-Assisted Topology
Graph Transformer), an innovative driving scene topology reason-
ing network, to address the aforementioned issues, as illustrated in
Fig.1 (c). Inspired by GPS [40], we first utilize lane embeddings and
traffic element embeddings as graph node features inputs, and then
design a divide-and-conquer topology graph Transformer to reason
lane-lane topology and lane-traffic topology. In the topology graph
Transformer, the lane-lane part accepts lane features and processes
them as a directed graph, while the lane-traffic part is treated as
an undirected bipartite graph. After aggregating local information
through message-passing graph neural networks (MPNNs) and
global information via global attention layer in the two parts, the
model employs MLPs to gather features of adjacent nodes and edge
features to predict topology relationship categories. In this way,
the model can learn the underlying guiding relationships between
target objects, and thus obtain more accurate topology reasoning re-
sults. Moreover, we design a traffic scene-assisted reasoning module
and incorporate it after the topology graph Transformer, allowing
the model to constrain topology reasoning based on the practical
significance of traffic objects.

To ensure the correct lane orientation, we further develop a
point-wise matching strategy and integrate it into the lane detection
module. Concretely, the point-wise matching strategy constructs
ground truth for lane curve point sets with multiple equivalent
arrangements. Through lane instance-level matching and curve
point-wise matching constraints, the model decodes more accurate
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lane instance embeddings, thereby improving its performance in
lane detection and lane-lane topology reasoning.

The experimental results on two subsets of the benchmark dataset
Openlane-V2 [44] demonstrate that TSTGT achieves state-of-the-
art performance in driving scene topology reasoning task. Ablation
studies are conducted to validate the effectiveness of our frame-
work. The main contributions of this work can be summarized as
follows:

e We propose an innovative topology reasoning framework,
TSTGT, which can accurately detect target objects in multi-
view images and derive precise topology relationships by
employing divide-and-conquer graph information aggre-
gation and imposing constraints on the orientation of lane
targets. TSTGT achieves state-of-the-art performance on
the benchmark Openlane-V2 dataset of this task.

e We devise a traffic scene-assisted topology graph Trans-
former to infer lane-lane topology and lane-traffic topology.
It could effectively aggregate both local and global informa-
tion of traffic objects and enhance the practical significance
of lane-traffic topology, thus predicting high-quality topol-
ogy relationships.

e We develop a point-wise matching strategy in the lane
detector to constrain the orientation of detected lane objects.
This encourages the detector to identify more accurate lane
objects from visual features and improves the performance
of lane-lane topology reasoning.

2 RELATED WORK

Lane Topology Learning. Lane Topology Learning has received
abundant attention due to its pivotal role in autonomous driving.
Earlier works used aerial images to generate a road graphs [1, 12, 18]
or lane graphs [3, 17, 19, 52]. However, aerial images suffer from
problems such as untimely updates and roads obscured by obstacles
like trees, resulting in inaccurate results that do not match real-
world driving conditions. As a result, it is becoming increasingly
popular to use vehicle-mounted sensors to directly detect lane
topology. STSU [6] proposes a DETR-like [9] neural network to
detect centerlines and objects, and then derive them into a directed
graph by a successive MLP module. On this basis, Can et al. [7, 8]
introduce a minimal circle queries to provide additional supervision
of the relationship, improving the estimation results of the lane
graph. LaneGAP [29] designs a heuristic-based algorithm to learn
from a set of lanes and build a lane topology. CenterLineDet [49]
and TopoNet [26] use the road centerlines as vertices and design
the graph model to update the topology. TopoMLP [48] designs a
unified query-based framework for lane topology, which considers
lane-traffic topology and lane-lane topology at the same time.
HD Map Perception. HD Map Perception is designed to un-
derstand the layout of driving scenarios, such as lanes, pedestrian
crossings, and other traffic elements. In recent years, with the de-
velopment of 2D-to-BEV methods [36], studies have focused on
segmentation and vectorized methods. Chen et al. [11]; Zhou &
Krahenbiihl [50]; Li et al. [27]; Liu et al. [33] generate a raster-
ized map by performing BEV semantic segmentation. HDMapNet
[25] uses heuristics and complex post-processing to group and
vectorize the segmented map. VectorMapNet [32] serves as the

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

232



233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

278
279
280
281
282
283
284
285
286
287
288
289
290

Driving Scene Understanding with Traffic Scene-Assisted Topology Graph Transformer

Point-Wise Matching

Bézier  Curve Tiane

Matching
—

R ]

[ 7

1 Image ! '

i Backbone/ 1 Lane Detector

1 Trans.Enc.&Dec. Edge Head
i

i

Divide-and-Conquer Topology Graph Transformer

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

. : Concatenation

@: Multiply

Ny X Ny x D Lane-Lane Part Layer

&dge
'
' i
FPN 3 e nE Frode
N——— NxC BEEHE——m N; x D
Lane Instance Embeddings i Traffic Scene- Refer_topo Result A
g Assisted '\M

Traffic Element Instance Embeddings

Reasoning Module

> (N; + Ne) x D Frode

o— >
Frront NexC @ (CrOrrem

t 11 &dy

1 Edge Head ] ]

| L] X Nyp !
Ny X Ny X D

Lane-Traffic Part Layer

=
Q5 LT Topo
Ea?; 5‘ Head
Qo

Figure 2: The overview of the proposed TSTGT method. It mainly consists of four parts: the image backbone and FPN, the lane
detector with point-wise matching, the traffic element detector, the divide-and-conquer topology graph Transformer with
the traffic scene-assisted reasoning module. The point-wise matching strategy matches the lane curve points with all possible

equivalent arrangements Ij,,, of lane points. The divide-and-c

onquer topology graph Transformer receive corresponding

instance embeddings and aggregate object information through corresponding MPNN (GINE, GatedGCN) layers and global
attention layers. Simultaneously, the traffic scene-assisted reasoning module is utilized to fully leverage scene information to

assist in topology modeling.

first end-to-end framework, which adopts a two-stage framework
and directly represents each map element as a sequence of points
then utilizes auto-regressive decoder to predict them. MapTR [30]
further explores a unified permutation-based modeling approach
for the sequence of points to eliminate the modeling ambiguity.
Since vectorization also enriches the direction information of the
lanelines, the vectorization-based method can easily adapt to the
perception of the centerline by alternate supervision. InstaGraM
[42] builds map elements as a graph by predicting the vertices first
and then using a GNN method to detect edges. TopoNet [26] lever-
age instance-level feature transmission with graph neural networks
to extract map prediction hints.

Graph Neural Network. Graph Neural Networks, such as graph
convolutional network (GCN) [23], GraphSAGE [15], GAT [43],
and Graph Transformer (GPS) [40], are widely adopted to aggre-
gate vertex features and extract information from graph data [41].
And they have contributed to remarkable achievements in various
fields, e.g. recommender systems and video semantic segmentation.
[10, 14, 37, 38]. Researchers in the autonomous driving community
are also trying to utilize it to process unstructured data. Weng et al.
[45, 46] introduce GNN to analyze the interaction between agent
features for 3D multi-target tracking. LaneGCN [28] extracts the
lane graph from the HD map. Others [13, 21, 22] model the rela-
tionship between moving agents and lanes as graphs to improve
the trajectory prediction performance. TopoNet [26] uses GCN for
driving scene understanding tasks, strengthens feature interaction,
and introduces knowledge graphs to fuse semantic information.

Our method introduces a divide-and-conquer topology graph Trans-
former, which enhances the model’s ability to explore potential
relationships between objects by alternately aggregating local fea-
tures and global features through MPNN and global attention layers,
thereby leading to improved topology reasoning results.

3 METHOD

3.1 Overview

The overview of our proposed TSTGT is illustrated in Fig.2. It
mainly consists of four parts: the image backbone and FPN, the
lane detector with point-wise matching, the traffic element detector,
the divide-and-conquer topology graph Transformer with the traffic
scene-assisted reasoning module. During inference, given multi-
view images from camera sensors, the image backbone first extracts
the multi-view features F € RVXCXHXW
view features FO € RIXCXHXW among them, where V, C, H and
W represent the view number, channel, height, and width of the
features respectively. Then the multi-view features are fed into the
lane detector and the front-view features are fed into the traffic
detector. For the divide-and-conquer topology Transformer, the
lane-lane part aggregates topology information in the lane instance
embeddings output from the lane detector. The lane-traffic part is
designed to understand the underlying control relationship between
lane instance embeddings derived from the lane detector and the
traffic element instance embeddings obtained from traffic detector.
It leverages a traffic scene-assisted reasoning module to gather
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291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348



362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

pertinent scene data, aiding in the process of topology modeling.
Finally, task-specific prediction heads are utilized separately for
detecting precise target objects and reasoning accurate topology
relationships.

3.2 Feature Extraction

For the surrounding images from multi-camera, we adopt a shared
image backbone to extract the multi-level visual features of each
image independently. Then we feed these multi-level features into
the FPN to aggregate rich semantic information. Finally, the pyra-
mid features are upsampled to the same size and stacked together
as outputs.

3.3 Lane Detection

Lane Detector. We adopt a structure similar to PETR [31] as the
lane decoder, which encodes 3D coordinates thus transforming
multi-view features into 3D space, and incorporates 3D position
embedding in order to enhance the perception of the query ob-
ject in 3D space. Specifically, for the input multi-view features
F € RVXCXHXW e first encode them using 3D position embed-
ding to generate visual perceptual features F3¢, which are input
as the key-value pairs into the Transformer. Then a set of learn-
able anchor points QF € RNL*3 are randomly initialized, and after
applying position encoding to them, they are projected into the
feature space RNLXC by using a Linear layer in order to serve as the
query embeddings for the PETRTransformer [31]. The lane query
then interacts with the visual perceptual features F3¢ to generate a
set of N lane instance embeddings.

The previous approach used a set of Bézier curves to model
lane. For the lane instance embedding from PETRTransformer, it
chose to use two sets of MLPs to predict the lane categories and
Bézier control points respectively, and convert the control points
to lane points to make predictions about their position coordinates.
However, lane objects are inherently sequential in character, and
only using instance-level matching may make the direction of lane
appear head-to-tail reversed, thus reducing the accuracy of topology
prediction. Therefore, we design a point-wise matching strategy to
improve the accuracy of lane matching.

Point-Wise Matching. Bézier curve is aimed to represent para-
metric curves by using an ordered set of control points Py through
Pp:

B(t) = ) PiBin(t),t € [0,1], (1)
i=0

where n represents the degree of the curve, and B; ,(¢) is referred
to as the Bernstein basis polynomial of degree n, as follows:

Bin(t) = (’l’) 1-0" % i=0,...,n ®)

Predicting the control points of Bézier curves with anchors of the
Transformer can effectively abstract the curve features for bet-
ter matching results [39]. However, the ground truth provided by
instance-level matching consists of lane points with fixed arrange-
ments, imposing restrictions on the model to learn the correct direc-
tion of the lanes. Inspired by MapTR [30], we re-interpolated and
sampled the ground truth. For the given N ground truth points, we
use 3D linear interpolation sampling to obtain Nj, curve lane points,
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and the two equivalent alignments of lane points were employed
as the ground truth A, for point-wise matching. The equivalent
alignments of the lane points are as follows:

o ( n) =N,
Tiane = {yvo.y1} = { y1(i) = (Npp— 1) = i%Np. ©®)

The predicted lane instance sequences ¢ are assigned with ground
truth lane instance sequences y to locate the best prediction se-
quence as the positive sample 7j,0s. After that, the lane control
points predictions are converted into Ny curved lane points f’pos.
Then, we perform point-wise matching on each lane instance as-
signed a positive label to find the optimal point match y between the
predicted curved lane points ppos(,-) and the ground truth point set
Ap(i)- To constrain the matching results, the following point-wise
matching cost is utilized:

Np-1
¥ = argmin Z Duanhattan(Pj> Py(j)): @
vel' =0

where Dytanhattan(Pj» Py(j)) represents the Manhattan distance

between the j-th point of the predicted lane curve points set ﬁpos(i )
and the ground truth points set A, (;) with equivalent arrangement

Y-

3.4 Traffic Elements Detection

Traffic elements are perceived from the front-view features, so this
task can be considered as a 2D object detection task. Here we adopt
the Deformable-DETR [51] as the traffic elements detector, which
employs a set of randomly initialized reference points embeddings
as the query Q; to interact with the front-view feature Fy to generate
a set of N; traffic element instance representations. Two MLPs are
employed to them to predict the category and the bounding box of
the traffic elements respectively.

3.5 Divide-and-Conquer Topology Graph
Transformer

A natural idea for topology reasoning tasks is to model them using
graph methods. Inspired by GPS [40], we design a divide-and con-
quer topology graph Transformer (DCTGT) to model lane-lane and
lane-traffic topology relationships respectively. The graph Trans-
former is stacked by several DCTGT layers, as shown in Fig.3.
Each of them consists of a message-passing graph neural network
(MPNN), a Transformer-like global attention layer and several MLPs.
The MPNN, utilizing GINE [20] for the lane-lane part and Gat-
edGCN [2] for the lane-traffic part, is employed to aggregate local
neighborhood node information. Meanwhile, the global attention
layers consolidate global node features, which allows for informa-
tion propagation among all nodes in the graph ,thereby addressing
to the extent issues such as over-smoothing and over-squashing
of node information caused by the MPNN. Such the alternating
learning approach between local and global information facilitates
enhanced information perception capability for each node in the
graph. The DCTGT layer could be formulated as follows:

FiL = MLPY(MPNNY(F! . F!

b vdge) + GlobalAtin(E},,4.)), o

I+1 _ lipl 1
Fedge = MPNN (Fnode’Fedge)’
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Figure 3: The architecture of the divide-and-conquer topol-
ogy graph Transformer layer.

where Fi ode € RNXD, Fé dge € RNXNXD denote the D-dimensional

node and edge features, respectively; MPNN and GlobalAttn refer
to a MPNN and a global attention mechanism at layer [, each with
its set of learnable parameters. MLP! stands for a 2-layer MLP block.
The edge adjacency matrix Myq; € RNXN f the MPNN layer is
defaluted to all ones to ensure that nodes fully utilize information
exchange.

Lane-Lane Part. For the lane-lane topology reasoning, it can
be considered as a problem of predicting edges categories from
the known nodes features. We feed the lane instance embeddings
Q; € RNXC output from the lane detector into the lane-lane part of
DCTGT (LLTGT) as the input node features Fy,pq, € RN*P, and the
initial edge sets are set to be the edge features Feqg, € RNIXNixD
which are aggregated from the neighbouring nodes features. After
clustering the information from the Nj; DCTGT layers, we feed
the output node features Fr’w de € RNiXD into the LL topology head
composed of a 3-layer MLP to obtain predicted edge categories
Cy; € RNOXNI which serve as the prediction results for the lane-
lane topology relationship. The whole process can be represented
by the following equation:

Ci = MLP(LLTGT (Frode Fedge))~ (6)

Lane-Traffic Part. Due to the distinct semantic meanings rep-
resented by lane node features and traffic element node features,
lane-traffic topology reasoning should be viewed as a problem of
predicting edge categories in a bipartite graph based on known
node features. Specifically, we concatenate the lane instance em-
beddings Q; € RNXC and the traffic elements instance embeddings
Q; € RNtXC and then feed them into the lane-traffic part of DCTGT
(LTTGT) as the node features F,,g, € RN+N)XD The edge sets
between lane instances and traffic element instances are initialized
as the edge features F, g, € RNiXNexD \ohich are aggregated from
adjacent node features. The edge adjacency matrix Myq; € RNxN:
are set to all-ones, allowing each lane-traffic element pair to have
the opportunity to learn each other’s information. Then, Feg4e and
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Figure 4: The structure of the traffic scene-assisted reasoning
module.

Mpgq; are expanded to the shape of (Nj + N¢) X (Nj + N) to fit the
input of MPNN layer. Since the connection between lane nodes
and traffic element nodes can be viewed as an undirected graph,
meaning the topology relationship applies to both lane-traffic and
traffic-lane pairs, Fegge and Myq; are symmetrically initialized for
the lane-traffic element and traffic element-lane parts. Other parts
are set to all-zeros to ensure the correct bipartite graph interaction.
Due to the difference between lane instances and traffic element
instances, we set them as two sets of node instances to ensure that
they interact with global information in the global attention layers
separately. After interacting with the information from the Nj;
LTTGT layers, we use the LT topology head consisting of two sets
of 3-layer MLP to aggregate F) , and F, dge from the LTTGT, in

order to obtain the predicted edge categories Cj; € RNiXN: The
whole process can be represented by the following equation:

Féd_qe = LTTGT (Fyodes Fedge))’

Cir = MLP(F} 4y, MLP(E},,4,))-

’
node’

)

Traffic Scene-Assisted Reasoning Module. Just reasoning
the topology relationship based on data without incorporating the
practical meaning will make the accuracy of topological inference
decrease. In the previous method [48], only the lane-lane topology
relationship is optimised, which uses L1 loss to constrain the po-
sitional coordinates of lane instances with topology associations.
Nevertheless, the operation of optimising the lane-traffic topology
relationship in conjunction with practical implications is missing.
In this regard, we design a traffic scene-assisted reasoning module
according to the construction way of Openlane-V2 [44] dataset and
the traffic rules in the actual scenarios to overcome this difficulty,
as shown in Fig.4.

Specifically, excluding the semantically unobservable category
unknown, the traffic elements in the Openlane-V2 dataset can be
classified into two groups, the traffic light class and the road sign
class [44]. Among them, the traffic light class generates topology
relationship for all lane instances within their control area, while
the road sign class only takes effect on the lane instances in the
corresponding direction within their control range. The judgement
method for the control range of traffic elements and the direction
of lane is outlined as follows.
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Traffic element control range: We first transfer the lane points
coordinates from the ego coordinate system to the front-view im-
age coordinate system, and then calculate the minimum Manhat-
tan distance between the centre coordinates of the traffic element
bounding box B, ¢ and the set of the lane curves points Pjg4p,. The
equations are as follows:

Mais = min(DManhattan(Btfs Prane))- (3)
If My is in the o of the width of the image coordinate system,
we consider that the lane instance is in the control range of the
traffic element instance. Then we obtain the control range result
Ceon € RNIXN:,

Direction of lane: The lane direction can be determined by the
position coordinates of its start and end points. We obtain lane
start point 3D coordinates (xo, Yo, zo) and end point 3D coordinates
(n, Yn, zn) from the lane detection result. For the vehicle ego coor-
dinate system of Openlane-V2 dataset [44], the x-axis is positive
forwards, the y-axis is positive to the left, and the z-axis is positive
upwards. The lane direction is judged only in BEV, which means
that the effect of the z-axis can be ignored. We use the threshold =
to delineate lane direction Dy, as follows:

Yn — Yo
Kiane = x——X())
n
left, Kigne > 7, )
Diane = § straight, |Kigpell < 7,

right, Kjgne < —7.

After obtaining the lane instance direction Dy, we input traffic
element category Cy¢ and lane direction Dy, into the traffic rule
matrix M;, to obtain the traffic rule constraint topology result
Cire € RNIXNt The detailed introduction of My is in the Appendix.
The traffic rule constraint topology result Cc is multiplied by
the control range result Ceon € RNiXNt {5 obtain the reference
topology reasoning results for the traffic scene assistance Cy.f €
RNiXN: We compute the Manhattan distance between Cy., . and the
ground truth of the lane-traffic topology relationship Gy to apply
constraint, and multiply C,.y by Cj; to obtain the final lane-traffic

topology reasoning result Cj; ¢ € RNiXN:

3.6 Training Loss

Our model combines detection matching and topology reasoning
matching for training, with the overall loss consisting of four com-
ponents, i.e. lane detection loss, traffic detection loss, lane-lane
topology reasoning loss and land-traffic topology reasoning loss:

L=Laey, + Laer, + Leopy + Ltopy,- (10)

Lane detection loss £, is decomposed into a classification
loss, a L1 loss and a point2point loss for lane point regression:

'Cdetl = AetsLers + Ari L + Apts‘zpts, (11)

where £ is a focal loss, and Lp;s is a point2point loss of Nj lane
instance and N, curve points for each lane instance with positive
class label (C # 0), akin to MapTR [30]:

N;—1 Np-1
Lpis = Z 1c;#0} Z Dmannattan(Ppos (i), js Ap(i).7: (j))-
i=0 7=0

(12)
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Traffic detection loss L., consists of a focal loss for classifi-
cation, a L1 loss and a GIoU loss for bounding box regression:

Laer, = AetsLers + An1 L1 + Acrou LGrou - (13)

Lane-lane topology reasoning loss £, consists of a focal
loss for binary classification, a L1 loss for constraining the coordi-
nates of the start and end nodes of lanes with topology relationships:

‘EtOPII = ActsLets + A1 Lt (14)

Lane-traffic topology reasoning loss Loy, consists of a focal
loss for binary classification and a distance loss for traffic scene
assistance topology reasoning:

LtOPlt = ActsLets + AgisLaiss (15)

where the L;op,, is defined as the Manhattan distance computed be-
tween traffic scene assistance topology result C,.. ¢ and the ground
truth of the lane-traffic topology relationship Gy r:

N-1

Lyis = Z DManhattan(Cref(i)sGLT(i))~ (16)
i=0

4 EXPERIENCES
4.1 Datasets and Metrics

Datasets. The experiments are conducted on the OpenLane-V2
[44], a comprehensive dataset designed for perception and reason-
ing tasks in autonomous driving scenes. OpenLane-V2 consists of
two subsets, labeled as subset A and subset B, which are derived
from Argoverse 2 [47] and nuScenes [4] datasets, respectively. Each
subset contains 1,000 scenes annotated at a rate of 2Hz. It is note-
worthy that subset_A encompasses seven views, whereas subset_B
comprises six views.

Evaluation Metrics. The evaluation metrics of OpenLane-V2
dataset are divided into two parts: perception and reasoning. For
the perception metrics, the DET score represents the standard mean
average precision (mAP) used to evaluate the instance-level percep-
tion performance. In particular, DET; employs the Fréchet distance
to quantify similarity, averaging over match thresholds set at {1.0,
2.0, 3.0}, while DET; calculates similarity using Intersection over
Union (IoU) and averages across different traffic categories. Rea-
soning metrics also utilize an mAP metric known as the TOP score,
tailored specifically for graph data. To encapsulate the combined
impact of primary detection and topology reasoning, the OpenLane-
V2 Score (OLS) is employed as follows:

OLS = - [DET; + DET; + f(TOPy) + f(TOP;))],  (17)

1
4
where DET and TOP evaluate performance in perception and rea-
soning, respectively, while f denotes the square root function.

4.2 Implementation Details

Model Settings. We employ different image backbones, including
ResNet-50 [16], VOV [24], and Swin-B [34] for training and infer-
ence and realize a fair comparison with TopoMLP [48]. For feature
extractor, each image undergoes resizing to a uniform resolution
of 1550x2043, followed by downsampling at a ratio of 0.5, and the
output channels number is set to C = 256. For lane detection, refer-
encing TopoMLP [48], the specified region spans from -51.2m to
51.2m along the X-axis, from -25.6m to 25.6m along the Y-axis, and
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Table 1: Comparison with state-of-the-art methods on the
Openlane-V2 subset_A dataset.

Method Backbone Epoch|DET; DET; TOP;; TOP;; OLS
STSU [6] ResNet-50 24 |12.7 43.0 05 151 254
VectorMapNet [32]|ResNet-50 24 |11.1 41.7 04 59 208
MapTR [30] ResNet-50 24 |[17.7 435 1.1 104 26.0
TopoNet [26] ResNet-50 24 |[28.5 481 4.1 20.8 35.6
TopoMLP [48] ResNet-50 24 |28.3 50.0 7.2 228 38.2

TSTGT ResNet-50 24 [29.0 50.5 12.1 23.5 40.7
TopoMLP [438] ResNet-50 48 |[29.6 504 9.6 24.1 40.0
TSTGT ResNet-50 48 |31.2 514 14.9 25.0 42.8

Table 2: Comparison with state-of-the-art methods on the
Openlane-V2 subset_B dataset.

Method Backbone Epoch|DET; DET; TOP;; TOP;, OLS
STSU [6] ResNet-50 24 8.2 439 0.0 94 21.2
VectorMapNet [32]|ResNet-50 24 | 3.5 49.1 0.0 14 163

MapTR [30] ResNet-50 24 |[152 540 05 6.1 252
TopoNet [26] ResNet-50 24 |[243 550 25 14.2 332
TopoMLP [48] ResNet-50 24 |26.6 583 7.6 17.8 38.7
TSTGT ResNet-50 24 |27.5 60.5 13.7 18.9 42.1

from -8m to 4m along the Z-axis. The lane query number is set to
Nj =300, and the number of lane Bézier control points is configured
as 4. Throughout the instance-level matching process, lane control
points are transformed into 11 curve points for loss calculation.
The configuration of PETRTransformer is based on PETR [31]. For
traffic detection, all settings are identical to TopoMLP [48]. For
topology reasoning, The lane-lane part employs 3 DCTGT layers,
while the lane-traffic part employs 6. In the traffic scene-assisted
reasoning module, the control range threshold o is set to 0.2, and
the lane direction threshold 7 is set to 0.1.

Training Details. All experiments are conducted on 8 NVIDIA
A800 GPUs. Unless otherwise specified, the batch size of the model
is set to 8, and the number of training epochs is set to 24 for fair
comparison with TopoMLP [48]. The model is optimized using the
AdamW optimizer [35] with a weight decay of 0.01. The initial
learning rate of 4 X 107> for the image backbone, and 2 X 10~4
for the rest parts. Throughout the inference process, our model
provides a maximum of 300 lane outputs for evaluation purposes.
For lane detection loss Lge;,, the weights for each component loss
are set as Agjg = 1.5, A1 = 0.02, Aps = 5 X e~3. For traffic detection
loss Lg,;,, the weights allocated to each component of the loss are
as follow: Ay = 1.0, Ap; = 2.5, Agrou = 1.0. For the lane-lane
topology loss, the coefficient for the classification part is set as
Acts = 5, and for the L1 loss is set as Ap; = 0.1. The coefficients for
the lane-traffic topology loss are set as A.;; = 5, Agj5 = 0.075.

4.3 Comparison with State-of-the-Art Methods

Openlane-V2 set. We conduct a comprehensive comparison be-
tween our method, TSTGT, and several state-of-the-art approaches
including STSU [6], VectorMapNet [32], MapTR [30], TopoNet [26],

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

Table 3: Ablation study of different components of the pro-
posed TSTGT on Openlane-V2 subset_A dataset. PWM de-
notes point-wise matching strategy, and DCTGT denotes
divide-and-conquer topology graph Transformer.

Method | PWM DCTGT | DET; DET, TOP; TOP, OLS

Baseline 283  50.0 7.2 228 382
TSTGT v 289 504 8.2 23.2  39.0
TSTGT v 284 494 11.0 234 398
TSTGT v v 29.0 505 12.1 235 40.7

and TopoMLP [48]. The result of the comparison on subset_A are
reported in Table 1. It can be observed that our approach, utilizing
the ResNet-50 [16] backbone, outperforms other methods with an
OLS score of 40.7. Notably, compared to TopoMLP, our method
exhibits markedly superior topology reasoning accuracy, with 29.0
compared to 28.3 on DET; and 50.5 compared to 50.0 on DET;.
Additionally, it achieves respectable detection accuracy, with 12.1
compared to 7.2 on TOP; and 23.5 compared to 22.8 on TOP;,. The
experimental results of employing VOV and Swin-B as backbone
are provided in the Appendix.

In Table 2, the performance evaluation on OpenLane-V2 subset_B
further reinforces our findings. Our innovative TSTGT outperforms
its counterparts across all metrics while employing the ResNet-50
backbone. Notably, it demonstrates a considerable advantage over
TopoMLP in terms of topology performance, with substantial differ-
ences evident: 27.5 compared to 26.6 on DET}, 60.5 compared to 58.3
on DET}, 13.7 compared to 7.6 on TOP;;, and 18.9 compared to 17.8
on TOP},. Additionally, the integration of more potent backbones
leads to further performance enhancements. Overall, these results
validate the effectiveness of our proposed TSTGT for driving scene
topology reasoning task and demonstrate that our method achieves
state-of-the-art performance.

Fig.5 presents the visualization of TSTGT. The lane detection
results are displayed in multi-view images, while the lane-lane
topology reasoning results are shown in the BEV. The traffic de-
tection results and the lane-traffic topology reasoning results are
displayed in the front-view image. Despite the complexity of the
traffic scenes, TSTGT can still accurately perform detection and
topology reasoning.

4.4 Model analysis

In this part, we perform extensive ablation experiments to investi-
gate the influence of the core components of our TSTGT as well as
the impact of different model settings. All of the experiments are
conducted on the Openlane-V2 subset_A dataset.

Components Analysis. To explore the influence of the key
components of our model, we first build a baseline model similar
to TopoMLP [48], which is the TSTGT without point-wise match-
ing strategy and divide-and-conquer topology graph Transformer
(DCTGT). As shown in Table 3, the baseline model obtains an OLS
score of 38.2. When we add point-wise matching strategy on the
baseline model, the special TSTGT achieves an OLS score of 39.0,
which is 0.8 higher than the baseline. The improvement proves the
effectiveness of the point-wise matching strategy. When only the
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/1)

(a) lane detection

GT(left), Prediction(right)

1/

(b) lane-lane topology (c) traffic detection and lane-traffic topology

Trovato et al.

GT(left), Prediction(right)

Figure 5: Visualization of TSTGT. In (c), traffic elements of different categories are represented by bounding boxes of different
colors, while lane-traffic topology relationships are indicated by red arrows.

Table 4: Model analysis of different settings in TSTGT.

Method |  Settings | DET; DET; TOP; TOP; OLS
Curve Points Number

TSTGT 11 282 503 114 217 39.7
TSTGT 30 290 505 121 235 407
TSTGT 50 261 504 11.8  23.9 40.1

Edge Features Initialization of DCTGT

TSTGT | Aggregated 290 505 121 235 40.7
TSTGT All-one 28.7  49.2 11.7 23.4  40.1
Interaction Mode of LTTGT

TSTGT | Heterogeneous | 29.0 505  12.1 235 40.7
TSTGT | Homogeneous | 25.2 51.2 116 229 39.6

DCTGT is imposed on the baseline, the OLS score of the special
TSTGT reaches to 39.8, which means the module brings a 1.6 gain
and validates the superiority of the module. Equipped with both
components, our TSTGT can achieve the best performance.

Point-Wise Matching. In this study, we explore the impact of
different settings in the point-wise matching strategy. A critical
setting involves the determination of the number of sampled points
along the lane curve when converting Bézier control points to lane
curve points. As shown in Table 4, there is a noticeable improvement
in lane detection performance and other task performances when
the number of sampled points increases from 11 to 30. However, it’s
worth noting that further increases do not enhance performance.
This is because an excessive number of sampled points increases
the burden on the model to match lane points while decreasing the
abstraction level of the Bézier curve representation for the lane.
Therefore, the number of sampled points along the lane curve is
set to 30 to strike a balance between model efficiency and optimal
performance.

Divide-and-Conquer Topology Graph Transformer. The
impact of different settings of divide-and-conquer topology graph
Transformer (DCTGT) on topology inference performance is also
worth noting. First is the initialization method for edge features
in the graph Transformer. We designed two initialization methods:

one, named "Aggregated”, utilizes MLPs aggregation to aggregate
node features adjacent to the edge as the initial edge features, while
the other, named "All-one", adopts a similar approach to ARGNP [5],
utilizing all-ones features as the initial edge features. The former
setting is adopted in TSTGT and the later is a common paradigm.
The experimental results are reported in Table 4. It can be seen
that the TSTGT with the default setting performs better than the
one with the later setting, which means that the "Aggregated" strat-
egy enables better perception of node features, leading to superior
topology reasoning performance.

The second setting is the interaction mode of the lane-traffic part
of DCTGT (LTTGT). In our model, We perform global attention
operations respectively on the lane features and traffic element
features inputted into the LTTGT as heterogeneous features. An-
other approach involves treating them as homogeneous features
and applying global attention operations uniformly. The results
are presented in Table 4. It can be observed that employing the
heterogeneous strategy for global attention helps to avoid confusion
of information from different types of objects.

5 CONCLUSION

In this paper, we propose a novel framework for driving scene topol-
ogy reasoning, termed TSTGT, to address the issue of insufficient
utilization of object and scene information in the existing topology
modeling process. Our approach involves designing a divide-and-
conquer topology graph Transformer, which effectively aggregates
local and global information of traffic objects, consequently ob-
taining more accurate topology reasoning results. Moreover, we
devised a traffic scene-assisted reasoning module to enhance the
practical significance of lane-traffic topology. For lane detection, we
developed a point-wise matching strategy to ensure the accuracy of
lane directions, further improving the performance of topology rea-
soning and detection. Experimental results on Openlane-V2 dataset
validate the superiority of our TSTGT over state-of-the-art methods
and the effectiveness of our proposed modules. We aspire for this
work to inspire subsequent research endeavors.
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