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Confession:
| don't really know how to teach this...
pecause it feels very intuitive to me,
and | don't know where or how | learned to do it.
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S0 I'd love feedback on whether this is helpful,
and how it could be better!



One big question (in different forms)

® Will this processor work for my application?

B Can | fit this algorithm / application on my processor?
B What class of processor should | be looking for?

B [sittime for an FPGA? (or a RPi / Jetson / etc)



One big question (in different forms)

® Will this processor work for my application?

B Can I fit this algorithm / application on my processor?
B What class of processor should | be looking for?

B [sittime for an FPGA? (or a RPi / Jetson / etc)

That's why we do the math!



Memory (framebuffer)

| have a 320x240 screen.
| want to render the display (text + graphics) in memory and
then copy that memory buffer it to the display.

Can | do this on the STM321.432KC?

Challenge: Look up some displays from Waveshare or others.



Assume grayscale, 1 byte per pixel
320 x 240 x 1 byte/pixel = 76800 bytes per frame = 76.8kB 320 x 240 x 1 byte/color x 3 colors/pixel = 230kB
STM32 has only 64kB of SRAM, but 256kB of Flash

Flash is effectively read-only (can write it, but it's too slow for a framebuffer)

64kBytes / (320 x 240) = 6.67 bits/pixel => 6 bits/pixel

So there are ways to do this, but rendering the entire thing in memory isn't going to work.



Math ops

| have a camera, and want to run a face detection algorithm.
Assume it takes 500 operations per pixel to perform tace
detection.

How many FPS can we achieve for a 160x120 image?



(160 x 120) x 500 ops/pixel = 9.6Mops / frame
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But the clock frequency can go up to 80MHZz!
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Audio processing
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| want to run a 128—ta/p FIR filter on live audio at 96 kHz.

Can | do this with the STM321.432KC?
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Storage C code:

- ¢ Jes
“4 bytes + 12% yores = 512 by
- samples = " int32_t filter(int32_t signal[], int32_t taps[])
tes - | - (B {
b by 1o LA b;#es int32_t sum = 0;
for(int 1 = 0; 1 < 128; i++){
sum += signal[i] * taps[i];
}
return sum;
}
Compute
-]2% = |1 .L - )OOPG /ge,c,anﬁ( Assembly: filter(int*, int*):
c’é l( Hz -] M push {ra}
subs r3, ro, #4
{-% @m}:ms/ {""Y = 73 - 100 M”"s/su subs  r2, ri, #4
°f add ip, rO, #508
MoVsS ro, #0
The [r3, #4]! part actually L2t dr “1, [r3, #4])
. _ increments the pointer as part — 1dr ,—4, [r2’ #4];
I 3 3 M
Time to look for a processor with SIMD! o the load| s o 4. 1. 1o
Note the multiply-accumulate /EEE rﬁé P
instruction (MLA) which does pop {ra}
the multiply and add in one op! bx Lr



/0 speed
| want to drive VGA (640x480) with the Nucleo. Will this work?

Full area is 800x525 pixels x 60 FPS = 25.275MHz

Yeah, not really even close. There's no way we could push values to 54+ GPIO pins at 25MHz.

But the FPGA doesn't even break a sweat here; it could easily drive 10 VGA displays. That's the power of hardware!



/0 speed

Data transfer time( TH+TL=1.25us+600ns)

TOH 0 code ,high voltage time 0.35us +150ns
T1H 1 code ,high voltage time 0.7us +150ns
TOL 0 code , low voltage time 0.8us +150ns
TIL 1 code ,low voltage time 0.6us +150ns
RES low voltage time Above 50us

Sequence chart:

0 code |= [ 1oL >
TOH
R T, | want to drive lots of WS2812 LEDs.
o How many can | control at once?
RET code |« Treset >

http://www.adafruit.com/datasheets/WS2812.pdf



Power

| want to build a device that blinks an LED once every
30 seconds for 10 years.

How big a battery will | need?

1 blink / 30 seconds -> 10.5M-blinks (0.5 M-}liaks . O.15ec « 0.02A =

= 21000 Amp-seconds (Coloumbs)
= 5.83 Amp-hours

Blink duration is 100mS = 5833 milliamp-hours

LED current is 20mA, voltage is 3V

Which is about the size of a typical phone
power pack. A little big for a smoke alarm,

but we're in the right range!



Power

| want to build a little robot with those "TT motors"
How should | power it?




Final project
See guidelines on course webpsite

Teams due Monday 3/30
Send me an email (and cc your partners)

Project proposals due Friday 4/3 on Gradescope



Memory

| have a 320x240 screen.
| want to display text messages (including non-latin characters

and emaoji).

Can | do this on the STM321.432KC?



