248-835-5911 Charlie Yan

EXPERIENCE
Simulation Engineer, Tellus Solutions (NASA ARC) Mountain View, CA, July 2020

Present

Support Development Simulation sessions 2-3 times a week to iterate on VERVE / ROS1 simulation
systems with driver and designer feedback to prepare for 2022 VIPER mission to the moon, including
ROS1 Gazebo9 simulation updates and flight-forward capabilities and Python data processing to guide
sensor (rover camera) selection

Developed Gazebo9 simulation (models, URDE, plugins) to simulate VIPER rover lander egress from
Astrobotic lander CAD (Meshlab decimation and reducing complexity), similar for TRIDENT drill /
AIM camera operations

GIS / GDAL / coordinate frame geometry processing (xyz to latlng, stereographic projection) for for
terrain height map processing, generating simulation traverses that are elevation smooth or had desired
profiles for situation testing, integration with other software

Developed UDP server / client components to pull and cache science data (ice depth, surface
temperature) tiff tiles from mapserver based on ROS2 rover ground truth, to feed to UDP flight-software
components and support fault injection

Integration, functional testing and bash-scripting with complete rover flight-forward software system, to
ensure core capabilities (driving, pan-tilt, telemetry) as well as injection of various flight-forward aspects
like telemetry delays, drop-outs, long-term system runtime

Robotics Engineer, Bluespace.ai Santa Clara, CA, Apr 2020 Oct
2020

Implemented Aeva FCM LIDAR C++11 drivers using a producer-consumer design (ring buffers,
condition variables) for pointcloud, RGB, twist angular velocity data, sensor calibration and
characterization into perception pipeline

Integrated sensor fusion pipeline over ROS2 lifecycle nodes with basic situational awareness node I
designed and implemented (cross-product velocity vector geometry), integrated with health monitor
ROS2 node which did fault detection and leveraged ROS2 lifecycle transition infrastructure to restart
nodes, integrated to path planning / controls components

Various integration testing on vehicle ahead of demo deadline, tooling in C++11 / python2

Integration / troubleshooting of various Autoware.auto clustering / EKF / UKF perception components
for static obstacle detection and tracking

Robotics Engineer, Ambidextrous Labs Berkeley, CA, Sept 2019—Feb
2020

Integrated QP-based trajectory optimizer that minimized joint-space accelerations into item pick and
induct for 6-dof Universal Robot industrial arms, prototyped heuristics for put-wall sortation motion
planning and STOMP (stochastic trajectory optimized motion planning)

Designed and implemented 6-DOF reference generation, PD control experiments for servoj and speed;
classical control, persistent TGP socket communications. Ran several runs of 16hr+ cycle testing
debugging fault conditions.

Designed and prototyped producer-consumer architecture for warehouse tote induction application
achieving ideal-case 2-3 second scan-trajectory optimize-execute cycle time, tested against pybullet
simulation

Senior Software Engineer, Pneubotics / Canvas San Francisco, CA, Apr 2016 —May

2019

Software and architecture:

* Implemented software system against ROS1 middleware against tools RViz, RQT, Gazebo7/9 for
simulation (implementing Sensor/Visual/Model plugins, markers)

* Built a user interface and architecture and infrastructure that used PyQ)'T, OpenGL drawing functions,
STL meshes of various robotics components for rendering simulations and widgets for robot operator
interaction, taking into account joint angles for a couple very kinematically different arms

* Use case infrastructure supported various robotics contexts like eye-hand calibration, robot tele-
operation, surface-prep, mobile base path planning and execution simulation in headless or GUI modes
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High level conductor that talked with ROS over services / topics to see robot state, and coordinate
various events related to sensing, planning, execution, safety systems and robot state. Implemented
interfaces in C++ / Python related to how individual components worked with each other, and be able
to simulate / debug one part of the system independent of others.

Inverted the conductor logic into “event-dispatch” + “blackboard” architecture to allow for higher
degree of system concurrency and safety

Data structure to organize arm waypoints given user selection, functional programming to account for
various situations of continuity that require robot behaviors in between discontinuous selections

C++ templating for sensor processing and daisy-chaining ‘sources’ and ‘processors’, and pure abstract
classes for encoders depending on robot configuration to allow us to scale to different hardware and
communication protocols (USB / serial vs. Ethernet / modbus) on different mobile bases quickly
Telemetry for automatically starting ROSbagging, and logging throughout the system of various robot
activities to support business and post-mortem troubleshooting

Implemented threading, concurrency solutions to render 3D and 2D content smoothly, ray-picking for
advanced user interactions

Implemented software design patterns in C++ / python: decorators, factories, strategies, duck-typing,
inheritance and interfaces

 Path planning and algorithms:

Hybridized strategy for mobile base planning of RRT and Reeds-Shepp which allowed for robustness
but also solving for an analytically feasible and exact theoretical path within a production-level scale of
time. Taking into account various types of obstacles that define collisions differently, optimizing collision
checking with binary vs linear search, making it robust to noisy data (false negatives and positives)

First pass at a analytic solution to spraying and sanding to cover an rectangular wall area

No go zone algorithm to split and route tool-paths given polygons that the tool cannot touch using
decision tree search and minimization, branch-and-bound for Airbus windows and features

* Computational geometry:

Touch-off behavior and underlying geometry to support of path shifting based on imperfect mobile
base or manual base positioning, where the spot on the wall does not change but the waypoints in base
frame do, or where the spot on the wall changes because of imperfect sensing or perception

Side-finding and room-finding graph based branch-and-bound algorithm to find non-overlapping
‘sides’ and from those ‘sides’ ‘rooms’ given a collection of 2D line segments that represent walls

* Robust to order of processing and noise between walls at intersection points etc.

Geometry to support saving pose estimates and re-using that pose estimate assuming no mobile base
repositioning, to obviate the need to re-map a space after shutdown or crash

Given a trajectory’s progress, and planned path, get a ‘expected’ pose to support error quantification
and correction, arc normal error correction calculation

RANSAC + convex hulling 2D points to generate object polygons for path planning collision detection

* Kinematic, trajectories, estimation, optimization:

Forward kinematics, iterative and derivative inverse kinematics, analytic inverse kinematics for UR10
robot arm for GUI rendering of STLs and for closing the loop with mobile base positioning to go from
a parameter based to a arm reach-ability criteria

Piecewise sinusoidal trajectory for mobile base execution interruption if range sensor detects
unexpected jerk in range (operator safety)

Trapezoidal velocity trajectory under acceleration, velocity limits using NLopt library to solve convex
optimization inequality / equality constraints

Estimation from steering and drive calibrated encoders to pose estimate, given reference pose trajectory
simulate encoder readings for estimation regression testing

¢ Machine vision:

Chilitags debugging and integration into robot base eye-hand calibration, 2D-3D registration with
Kinect sensor and geometry to calibration video feed detection of 4 corner steel coupon against Kinect
depth sensing and generating waypoints for robot surface prep

First pass at a 2D EKF SLAM solution using Scanse range finder using line segment corner features,
correspondence finder, and analytic geometric Kabsch algorithm to compute 2D pose estimate deltas

Complementary filter mobile base pose estimate from Google Cartographer (SLAM) and odometry
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* SLAMbox with 2 Velodyne sensors, initial bringup and mount on robot arm, and integration into
Cartographer to characterize noise and RMS pose estimation error

* Orbbec RGBD sensor + bring in a third party Agglomerative Hierarchical Clustering algorithm for
point cloud segmentation to detect walls as planes and generate tool-paths for surface prep, used in
several early jobs

¢ Hardware:

* HTC Vive bringup and Phasespace motion capture driver integration, ground truth to calibrate
steering encoders with arc fitting, RGBD sensor bringup

* Steering encoder serial protocol encoding with library
* Modbus protocol digital input read and generate a mobile base ‘auto vs. manual’ mode for operator

» Communicate to industrial arm over various TCP sockets, sending programs over, monitoring state,
sending 6-DOTF trajectories, pause and resume state synchronization / transitions

Software Development Engineer, Microsoft Corporation WAC Jan 2015
Dee 2015

* Delivered bug fixes, performance improvements, typing features to Word, Powerpoint, OneNote Online

Software Development Engineer, Amazon.com May 2013 Dec 2014

* Designed, implemented, and shipped a new Java Spring service for ingesting data about billions in cash
transactions per day to accounting platform using DynamoDB, SQS/SNS, and S3 AWS services.
Migrated all global traffic to use new service on schedule, using automation and scripting to detect and fix
regressions before they impacted production. Reduced monthly operational tickets by 15% with a service.

* Worked with technical and business teams to onboard new international businesses and new payment use
cases onto our platform. Increased global automated accounting coverage from 85% to 92%.

* Refactored all services to be fully configuration-driven, vastly reducing developer effort needed to
onboard new businesses and accelerating efforts to reach 100% automated accounting.

Research Assistant, University of Michigan CS Dept. Jan 2012 Jan 2014
* Built an automobile detection pipeline from pictures and point clouds from a variety of environments.

* Designed and executed experiments to improve the detection performance using HOG and SIFT
features from 2D images and clustering and scene understanding techniques on 3D velo-dyne data. Used
linear and RBF SVMs, Restricted Boltzmann Machines, and Deep Autoencoders. Implemented spatial
pyramids and sliding window algorithms for detection. Used CUDA convnets to speed up computation.

Instructional Aide, University of Michigan ECE Dept. Jan 2012 May 2013
* Mentored capstone design projects, technical guidance on FPGAs, TT embedded systems, sensors.

EDUCATION

University of California, Santa Cruz College of Engineering — Robotics M.S. Thesis

Pending graduation 2023, GPA 4.0

* Numerical Linear Algebra, Nonlinear Control, Convex Optimization

 Feedback Control

* Thesis in Euler-Equation Optimal Mass Transport, Tensorflow v2 PINN deep-learning systems of PDEs

Coursera Certificates
» Control of Mobile Robots - Georgia Tech
* Robotics: Perception - University of Pennsylvania
* 100%: perspective geometry, SVD, camera pose estimation, bundle adjustment, SFM

University of Michigan College of Engineering — Dual Degree in CS and EE

Graduated May-2013, GPA 3.71, Magna Cum Laude

* Algorithms, Operating Systems, Databases

* Machine Learning, Artificial Intelligence, Advanced Topics - Image Processing

* Digital Signal Processing, Control Systems, Probability, Real Analysis, Linear Programming
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