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Problem Description Data Acquisition and Preprocessing

This project aims to predict human trajectories in dense We use a publicly available dataset from Stanford Trajectory Forecasting
crowds for motion planning applications using Benchmark [6]. The dataset contains the ground truth (x,y)-coordinates
Convolutional Neural Networks (CNN). Inspired by recent of each pedestrian in the scene at various locations, along with the
success of CNN for sequence-to-sequence tasks [1], we unique pedestrian ID and the timestamp.

will compare the proposed CNN model against Social-

LSTM [2], a more standard Recurrent Neural Network Data Preprocessing Data Augmentation

(RNN) recently prOpOSEd. A custom input p]penne was We performed data augmentation
created where we represent the by flipping and rotating the
joint trajectories in a 2D matrix. coordinates, as well as permuting
Proposed Network Architecture Each row contains either x ory pedestrian orders in the matrices to
values of a pedestrian over time.  learn from the small dataset.

Input Sequence T1T2T3.. o
* Number of pedestrians: m Rotate .//. Permute

* Frames:t z N
o

Flip \l,
Embedding O/ /.

(Linear + Leaky Relu) R y Q\\.
32
o

uelIsapad

Results & Discussion

4 x (Conv + Leaky Relu) Mean Final
Kernel size: 3 Traintime  Testsize / train Train Test Train error - displacement displacement

Dilation: 2 Models (min) / epoch size error error test error error error
(1) normal, 1173 /9384 =

mix_all_data Input/output 0.62 0.13 0.72 053 0.192 0.843 1.085
(2) normal, 576 /11010 =

Shecify tast set) Seauence: 5/5 0.05 074 049 0246 0.852 1124
(3) individual, 74818 / 598552

mix_all_data 0.69 =0.13 i 0.16 03 0.363 0.548
(4) individual, 34143 / 679902

specify_test_set 0.75 =0.05 4 0.32 0.614 0.841
(1) normal, 141/1255=

e | Qutput (Future) Sequence mix_all_data 0.15 0.11 75 154 1.408 1.984
= |+ Number of pedestrians: m (2) normal,

* Frames: T specify_test_set Input/output 0.13 24/1380=0.02 0.7 0.93 1.209 1414
. < . 3) individual, sequence: 6772 /60279 =

Inspired by prior work [3], we designed the model above fni)x_a”_data 1,12 0.08 041 051 | 083 0.81 1464
to map the input sequence to the output sequence. (4) individual, 3093 /61542 =

Dilated convolution over pedestrians is for capturing seiisacss - S R R R 1
interrelations. Note: Nomal: all pedestrians in one frame form an example; individual: one pedestrian forms an example
Batch Norm performed after each Conv layer * Input/output sequence of 5/5 has better results than 8/12

Dropout added between two FC layers * The individual dataset performas better than the normal; it contains

L2 Loss function with Adam optimizer more data but was trained faster
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Future Research Directions

* Extend the current model to multimodal prediction
(e.g. Gaussian mixture fitting), which is important for
safe motion planning.

Conduct extensive comparable study with Test set trajectory plots (in meters): dashes are the ground truth; dots are predictions.

other methods. (a) Our model succesfully predicts the general trend of the pedestrians
Incorporate scene-specific information in addition to (b) The pedestrian interactions should be better capture for predictions
human-human interactions. (c) Predictions suffer from the uncertainty of human behaviors.
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