CSE276A - Visual Servoing

Henrik | Christensen

HW?2 - Closing the loop with vision

* Due: 31 October @ midnight
» Two options:
» Use AprilTags as landmarks in the environment
» Use natural landmarks for extra credit (it is hard!)
« Tutorial on how to use DL for detection of objects say Yolo

* https://pyimagesearch.com/2018/11/12/yolo-object-detection-with-
opencv/
« 20% extra credit

* Use detected landmarks to estimate your own position

» Correct for drift in the control of the vehicle
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AprilTags

TagCircle21h7 TagCustom48h12

TagCircle49h12

https://github.com/AprilRobotics/apriltag
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Practical stuff

* You have to calibrate your camera !
+ OpenCV see later
* ROS camera calibration

» Example process with ROS modules

Jjetbot_camera/image_rect_color
Jjetbot_camera/camera_info

april_detect camera_info_publisher

tag_poses

C ]lerlsonicamel; ) localization_node
planner_node

( jetbot_control )

image_proc
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https://pyimagesearch.com/2018/11/12/yolo-object-detection-with-opencv/
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Visual Servoing

Literature

Henrik | Christensen
hichristensen@ucsd.edu

Peter Corke, Robotics - Vision and Control, Springer
Verlag, 2nd Edition, 2017 - Chapter 15

Major Robot Processes

Types of visual serving

Control Strategy

Position based servoing

Image based servoing
Camera Placement

Eye-in-Hand

Stand-along
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Process

Categorization

CAMERA-ROBOT CONFIGURATION
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Visual Model Estimation

Utilization of kinematic models

VISUAL-MOTOR MODEL ESTIMATION

KNOWN A-PRIORI ESTIMATED
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Coupled Image—Robot Jacobian
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Example of position based visual servoing Position based visual serving
e + POSITION v, Q

—>®—> (CARTESIAN) ROBOT —

°Xc ¥ ~ |BASED CONTROL
FEATURE
Es;?M:;)IS(fN ~—| ExTRACTION [*| CAMERA
Moving Camera Moving Object
Control
Error Metric
ARt = Rt — Rt
ARog = Rog — Rog

Relevant reference frames

Relevant Coordinate frames
BX: = ®Xe X X




PBS Cartoon

Expanding the error metrics

Expanding the transformation
Rtﬁé _ RRC Cﬁo Otz;_'_ RRC Ciﬁo-l— RtC
RO = RO+ RR CQp+ FRe Ry Q5

Integrating
Re;‘; ~ Rec + RRC Céo + RRC CRO 092

Substituting from above

A RtG _ RtG _ th _ RRC Cfo _ RRC Cﬁo ot*G
ARBG =~ Rog — Roe — FRe B — FRe Ry 905

Strategy

Compute

[ ARt
€= | ARgg

- The change in robot coordinates (use, PID, ...)

q =~ Ke

Simulated camera

noname




Example PBS simulation
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>> pbvs = PBVS(cam, 'T0', TcO, 'Tf', TcStar_t)
Visual servo object: camera=noname

200 iterations, 0 history

p= -0.25 -0.25 0.25 0.25

-0.25 0.25 0.25 -0.25

0 0 0 0
TcO: t=(11-3), R= (34.3775deg | 0 0 1)
Te*_t: t = (00 1), R=nil

>> pbvs.run();

>> pbvs.plot_p();

>> pbvs.plot_vel();

>> pbvs.plot_camera();

Image Based Visual Servoing (IBVS)

Canonical image motion patterns
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The Image Jacobian

- How does features move when we move the robot?

f=Jq
- Image Jacobian

df1(q)
d¢q1

df; k.(‘I)

dq1

df1(q)
dGm

df; k-(‘I)

dGm




Going back to basics

P=-wxP-v

X=Yw,—Zw,—v,
Y = Zw, — Xw, —v,
Z:wa—wa—vz

Going back to basics

- With a unit focal length we would have

p= CQx Cp+ Cv
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- We can define an error metric

e(f)y=f"—f
u=q=KJ'ef)

Vx
Vy
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For K points we can stack
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Visual impression of image jacobian




Simulated example

Sketch of an IBVS example
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IBVS Cartoon

2.5D image based servoing
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What if we could estimate Z onling? Example from the book
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Summary / Take Home

- Image vs. position based servoing

+ Derivation of motion impact on image coordinates

- Use of basic motion models to control the robot

- Great support for PBS and IBVS in the RVT toolkit




