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Model Predictive Control

Minimize a separable
min le(xy) + 2 L(x:,,u !
subject to: f(xk,uk) = Xivepd Vk (W)W Obey Physics
g (X, uy) = 0 vk Other Constraints [P

Y/

Position/Velocity/Torque Limits
Collision Avoidance
Waypoint Goals (x5, xg4)

MPC: Control through continuous re-planning
often via Trajectory Optimization




TinyMPC: Model-Predictive Control on
Resource-Constrained Microcontrollers
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The Alternating Direction Method of Multipliers (ADMM)
min f (y)
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subjectto:y = z o otherwise
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TinyMPC: compressed ADMM for MPC on microcontrollers

N-1
. T T Key Idea
min xyQyxy + z X Qxp + up Ruy, To save memory and compute
X, U k=0 what if we used the
. . - infinite horizon solution
SUbJECt to: Axk + Buk Xk+1 vk € [0,N) around a single linearization?
Primal Update

K,=(R+ BTPk_|_1B)_1(BTPk+1A) Normal O(n3)
T P Backwards Pass
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m ® Online Compressed ADMM

Precompute N Inflnltce Horizon {om?!

Infinite LQR primal update <" _ 71
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FPGA

[ Quadrotor Simulation ]
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[ Quadrotor Simulation }

16

Quadrotor Input: us, Uz, Us, U4

Motor thrust commands, each between 0 and 1.
Each value is a fixed-point — 16 bits

Total = 16 * 4 = 64 bits.

Quadrotor Output: x, y, z, ¢, 6, y, dx, dy, dz, do, d6, dy
Position, orientation, linear velocity, angular velocity
Each value is a fixed-point — 16 bits

Total =16 * 12 = 192 bits



Quadrotor Simulation
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The hardware in FPGA part is built in Qsys. The data translate through Lightweight HPS-to-FPGA
Bridge is converted into Avalon-MM master interface. So the IP PIO controller and HEX Controller
works as the Avalon-MM slave in the system. They control the pins related to the LED and HEX to
change the LED and HEXs state. This is similar to the system using NIOS II processor to control
LED and HEX.

HPS FPGA/Qsys
-

Figure 7-1 HPS Control FPGA LED and HEX




Individual Stage Outputs

Forwards Pass Output Dual-Update Output

forward_primal_u...|-16'd1 -16'd2 -1.
forward_primal_u... | 16'd0 16'd0 16".
forward_primal_u...|-16'd1 -16'd2 -1.

0« Mb_dual_updateyy.

forward_primal_u...|16'd0 16'd0 16"...

3 - B ! i
L+ S ltp‘gugl_updatelg... e
=i Sy -1,1'97-5-%-1135.911

Slack-Update Output As you can see slack-update is clipping properly
where we purposely set the inputs to slack
update to bc beyond the min and max values
and we see correct clip.

[T Wave - Default

£~ [slack update thi...
|+ < /slack_update_th/..




Primal Update

** Note: $finish : /homes/user/stud/spring25/rjn2173/work/tb primal update alex3.sv(l66)
0 Instance: /tb primal update alex3

Sreak in Module tb primal update alex3 at /homes/user/stud/spring25/rjh2173/work/tb primal update alex3.sv 1i

7 addr | d_mem | p_mem | U_mem | x_ouc

§§ oo cuiit .o 2 it . 20 i .G 2 0 s

8 0 | 1| 2 |

2 S 2| 2 |

# | | | o |

# | | | 1|

# | I | | xto)=  x
# | | | | x(11= 0
# | I | | xt23= 0
B | | | | x(31=  «x
#

# Time: 245 ps Iteration:

1

#

ne 166

VSIM 345>

e |




Backwards Pass

--- d_k (feedforward) ---

Time: 60 ns Iteration: 0 Instance: /backward pass_tb

#
£ dKkio)=2

$dKkil) =3

$£dKki2)=4

#dK31=5

f --- p out (linear term) ---

¥ 1

L 2

L 3

£ 4

# 5

# 6

# 7

£ 8

tp 9

fp 10

tp =11

£p 2

# ** Note: $finish + /homes/user/stud/spring2s/rjn 3/work/backward pass tb.sv(113
]

L#55




Residual Computation

$ === Simulation Results ===
f dual res =6 (expected 6)
||# converged = 0 (expected 0)
||# done = 1 (expected 1)
(| ** Note: S$finish
L Time: 285 ns Iteration: 0
33
§ Break in Module tb residual
a

lculazor line

calculator

alex.sv 115

VSIM 11>

: /homes/user/stud/spring25/rjh2173/work/tb residual calculator_ alex.sv(l15)
Instance: /tb residual calculator alex

alex at /homes/user/stud/spring25/rjh2173/work/tb residual c
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State trajectories - Positions
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State trajectories - Velocities
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