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Application Area and Use Case

e Korean food is growing in popularity
e KBBQisa“doityourself” type of food, but may be intimidating to newcomers
e Robotic Arm must be able to have a maximum reach of 20”. Dish and Grill area will be confined to a
14” by 20” area (Grill is 13” by 13”)
e Ableto function for at least 20 min., at most 45 min.
e Should be cooked “just right” 70% of the time
o  Noundercooking, no black burnt meat, but a good brown color
o Determine by time (each side of meat should be cooked for 3- 5 minutes)
e CValgorithm should be able to process twice per second.
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e Meat placed in designated area next to grill, below side camera which will scan for food twice per

Solution Approach

second

e Ifthe cameradetects food there and there is empty space on the grill, then it will signal the robot
arm to pick up the meat and pass it in front of the side camera to get a cross-section view

e Computer vision will determine how thick the meat is and will use that information along with the
temperature of the grill to determine how long that cut of meat should stay on the grill

e  Wewill prioritize flipping and removing meat that is currently on the grill over putting new meat on
empty space by having a separate queue for each

e Onceour algorithm decides that a certain piece of meat is finished cooking, the robot arm will then
place it on a plate on the opposite side of the raw ingredients



System Architecture Diagram
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System States
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e Meat Cycle System States for one Piece of meat
e For multiple pieces of meat, a double queue system will be implemented



CV Algorithm
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Robotic Arm

4 DOF - 3Links, 4 Joints

o  Baseis Yaw (360°)

o  2elbowjointsis Pitch (270°)

o  Wristjoining is Roll (360°)
Clawis4in.long
Links will be 3D-Printed
ROS, Matlab, and Python have Inverse
Kinematics Libraries/solvers, such as IK
Fast, IKPy, and tinyik.
Parts List Created

Possible Issue - Inaccurate

(2)11in.

Dimensioning Info. of Amazon Parts
If System fails...buy a $100-200

Robotic Arm on Amazon



https://docs.google.com/document/u/0/d/1OeaVzM1_KpAKs--vmA_PQTYr1soRjO0hbWm7KnkpnB4/edit

Electrical Diagram

Vision Data In

e-CAM50
CUNX/NANO
3

Ul Info. Out1

Jetson AGX Xavier
(20V, 60W)
vsemcronson—bggd |

T
T

“0pin Exp. Header (130}

T

ARDUCAM UC-

Pin 16 to ENA+

698 REV.B

s vsa e
E

{5301] Power Buton

Red Wires are Power (+)
Black Wires are GND (-)

4G Hesce 50210
Logic/Signal/Jumper Wires are
Different Colors, 22-28 AWG

=Flex Cabl
=——Cable=P>
Signal

PWM
WITES s G\ e

2 Koy € st [1305]

GPI0S_AO_DWIC 1N DAT
aioas_pima

o

GPIO17_MHEADER

spn_cso

spn_cst

12¢_GP2_CLK

oo

2 GPI0S_CANY_GPIOO_DMIC_CLK

Lead Acid Battery,
12V, 7Ah

Fuse Holders are attached to
18AWG wires

Pronged ATC Fuse Count
(will go into fuse holders)
10A fuses (x1)
5A fuses (x2)

15502] Reset Button

(4509 Camera Ex0. Conn.

11508] Atomation Hesder

11514] Voltage Stect
{1510] Exhernet ik

Rt
i

Boost Converter
(12V to 20V, 3A)

Power Terminal Block

Pin 14 (GND) to PUL-, DIR-, ENA-
Pin 18 to DIR+

Pin 32 to ENA+

SIDM542Tomez® rvmsinn

&pyer Driver*

NEMA 17 Stepper

Motor
= @

Buck Converter
(12V to 7V, 5A)

(30A Max)

LJWRC Servo,

Motor )
(25kg-cm)

(35kg-cm;

(10kg-cm) .,

Robotic Arm
Motion



Ul

Rough outlines of Ul elements

Both manual and automatic modes will have an overhead
camera feed of the grill so that users are kept knowledgeable of
how the system is functioning

The users will be able to tap on a section to manually flip or

remove its meat, depending on if it has been flipped already

KBBQ for KBBeginners
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Software Controller

e Takes ininformation from CV Algorithm

e Displays CV datato Ul

e Keeps track of multiple meats on grill, and their cooking times, calculates information for each meat and
makes decisions

e Givesdesired position to inverse kinematics algorithm

e System will prioritize flipping and getting meats off grill at the appropriate time over putting meats on
grill

o  Two queue implementation, with queue 1 having priority over queue 2

e System will know that the dish of uncooked meats that need to be grilled will be at the left of the robotic

arm and grill, while cooked meats will be placed on a dish at the right of the robotic arm and grill



Testing Metrics, Verification, and Validation

Feature

Meat type recognition

Thickness Recognition

Robotic Arm Movement
Error

Cooking Time Algorithm

Testing Method

Placing plates of food in
front of camera

Holding cuts of meat in
front of camera

See if Robotic arm can
touch a predetermined
point

Manually see if the
amount of time calculated
properly cooks given meat

Output

Algorithm item guess

Thickness estimate

Amount of Movement
Error in kinematic
software

Cooking time estimate

Accuracy
Under 5 seconds
80%+ Accuracy

+1/16 in

+1/16 in

Meat fully cooked, but not
burnt

Internal temp of 145F
pork, 170f beef min



Risk Management

-The main risk of this project is the heat of the grill

-To prevent damage to the robot arm and other components, we will only have the arm go over the grill
while interacting with the ingredients. Otherwise, it will rest off to the side of the grill away from the heat

-Wires and Motors will be covered in a wire sleeve (wire insulation used in cars to protect from high heat)

-To prevent excessive overcooking or burning of the ingredients placed on the grill, we will exhaustively
test our thickness detection and timing algorithm to ensure that the meat is on the grill for an appropriate
amount of time



Project Management

KBBQ 4 KBBeginers SIMPLE GANTT CHART by Vertex42.com

https:/fwww.vertex42 imple-gantt-chart htm
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ASSIGNED PROGRES

TASK o

Task 2 Research and Design CV Algorithm 0%  2/14/22  2/24/22

Task3 Design Software Controller/Ul 0%  2/18/22  2/24/2

Task4 Design and CAD of Robotic Arm/Controls 80% 2/18/22 2/25/22

Task 5 Create Subsystems Integration Plan 20%  2/25/22 3/2/22

Task 6 Design Review Presentation 100%  2/15/22  2/20/22

Task 7 Design Review Report 60%  2/15/22 3/2/22

Phase 2 Development

Task 1 Develop CV Algorithm 0% 3/14/22  4f3/n ‘
Task2 Slack Time (Spring Break - Design, Develop, etc) 0% 3222 3/13/22

Task 3 Develop Software Controller/ul 0% 3/14/22 4/3/22 ‘
Task4 3D Print/Assemble Robotic Arm 0% 3/14/22  3/21/22

Task 5 Program Robotic Arm 0% 3/21/22 4/4/22

Task 6 Work on Final Report 0% 3/28/22  4/21/22

Phase 3 Integration and System Testing

Task 1 Integrate Software Controller and CV Algorithm 0% 4/1/22 4/10/22
Task 2 Integrate Software Controller and Robotic Arm 0% 3/31/22  4/10/22
Task 3 Slack Time (Integrate, Develop, etc.) 0% 4/11/22 4/16/22
Task4 Integrate All Subsystems 0% 417/22  4/22/22
Task 5 Testing CV on Actual Grill and Meats 0% 4/22/22 5/4/22
Task 6 Test Robotic Arm on Actual Grill and Meats 0% i’ 4/22/22 5/4/22
Task 7 Complete Final Presentation/Document 0% 5/4/22 5/11/22




