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Monitor.py

* GPIO Initialization

e marcelo_rovai — mjrovai@raspi-5: ~/Documents/Smart_iot/Basic — ssh mjrovai@192.168.4.209 — 7...

jrovai@raspi-5: python monitor.py

Monitor Data
ool [[-To il EI I )M DE722 Temp: 24.7°C, Humidity: 44.2%
BMP280 Temp: 24.8°C, Pressure: 909.17hPa
Button not pressed
Red LED is off

Yellow LED is off
¢ |ed_StatUS() -~ Green LED is off

e control_leds(red, yellow, green) :
monitor.py



https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/monitor.py

SLM Basic Analysis

The button, nOt preSSGd, DHT22 Sensor BMP280 Sensor Yellow LED Green LED
shows a normal operation

The button, when pressed, = e
ShOWS an emergency Sensor Data Collection LED Status Check

If the temperature is over
20°C, it means a warning

situation \stm_basic_analysis.py /
The red LED, when on, Generate Prompt

indicates a l
problem/emergency. o

The yellow LED indicates a l

warning situation when on.

The green LED is on, e

indicating the system is OK.
slm_basic_analysis.py



https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_basic_analysis.py
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https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/SLM_IoT.ipynb

Acting on Output (Actuators)

I“lﬁnldo-

Sensor Data Colection LED Stalus Chack

sim_basic_act _leds.py

e & 1

--------


https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_basic_act_leds.py

Prompting Engineering

Key Changes in the code:

Added JSON import

Changed to JSON format - The prompt now asks for a structured
JSON response:

{"red_led": true, "yellow led": false, "green_led": false}

Updated parser - Now parses JSON instead of searching for text
strings. Includes error handling and fallback to safe state (all LEDs
off) if parsing fails.

Why JSON is Better:

More reliable: No ambiguity about which LEDs to activate
Structured: Clear true/false values instead of parsing text
Error-resistant: The parser handles markdown code blocks (some
models wrap JSON in ") and provides safe fallback

Flexible: Easy to add more fields later if needed

Pkys cal Sensors

: DHT22 BMP220 Push-
E Temp/Hum | | T emp/Press Button i

Yellow
LED

Physical Outputs (Actuators)

sim_act_leds.py

Humm! The
Tempemture is
over 20°C, I
should turn on the
Yellow LED



https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_act_leds.py

Hardware Components

DHT22 BMP280 Emergency
Sensor Sensor Button

Red LED Yellow LED

Green LED
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monitor.py

N e
e
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collect_datal)

Read button state

led_status()
Read DMT22, BMP280 Check LED states

Turn LEDs ONVOFF
Based on SLM decision

control_leds()

X%

e

slm_act leds.py \'/
sim_analyse_act{MODEL, TEMP_THRESHOLD)

Man orchestration function
Calls collect_datal) and led_status()

v

create_prompt()

Takes sensor data + TEMP_THRESHOLD
Bullds prompt with decison rules:

1. Button pressed - Red LED

2. Temp > threshold — Yellow LED

3. Nomal - Green LED

sim_inference(PROMPT. MODEL)
Calis ollama.generate()

Uses Hlama3.2:1b or Bama3.2:3b

A

JSON Response
{'red_led": false,

*yellow led*: false,

rgreen_led”: true}

\ 4
parse_lim_response()

Parses JSON from SLM
Handles markdown code blocks
Retums (red, yellow, green) tuple

v

output_actuatort)

Displays sensor data

Shows SLM JSON response

Shows SLM decision

Calls control_leds(red, yelow, green)
Shows final LED status




Autonomous system:

e Continuously monitored
sensors

e Automatically decided LED
states based on pre-defined
rules

* No user interaction

Initialize MODEL and TEMP_THRESHOLD

Read DHT22, BMP280, Button

|

Call collect_data

l

Call led_status
Check current LED states

1

create_prompt
Build prompt with:
- Sensor readings
- TEMP_THRESHOLD
- Decision rules

l

sim_inference
Send to Ollama SLM

l

;

l

'

parse_lim_response
Extract LED booleans

|

output_actuator
Display sensor data
Show SLM decision

control_leds
Turn LEDs ON/OFF

|

i Display final LED status ‘

10



Interactions with Natural Language Commands

Interactive System:

e Waits for user commands

* Accepts natural language queries and
commands

* Provides conversational responses

* Executes actions based on user
requests

* Displays comprehensive system status

sim_act leds _interactive.py

2

S5

User

Physi cal Sensors

DHT22 BMP220 Push-
Temp/ Hum Tenp/ Press| | Button

over 20°C, turn-on | <
the Yellow LED

If the
Temperature s
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LD |

le./sical Outputs (Actuators)
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https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_act_leds_interactive.py

Display available commands
and instructions

Wait for user input

= e

Build prompt with:
- Sensor readings
- Current LED states

- Response examples

sim_inference
Send to Oflama SLM

parse_interactive response
Extract message and LED booleans

Display comprehensive
system status

Road DHT22, BMP280, Button

Call led_status
Check current LED states

Display SLM message
o user

Display LED status update

12



1.

Prompt Optimization and Efficiency

System message: It defines the assistant’s behavior and should be
sent once at initialization, not at PROMPT
. Prompt: Should be drastically shortened

2
3. API: Ollama.Chat Instead of Ollama.Generate
4

. Model: Pre-loading

Assistant: [Thinking...] Assistant: [Thinking...]

Assistant: A1l LEDs turned off. Assistant: All LEDs are now OFF

LED Update: Red=0FF, Yellow=0FF, Green=0FF LED Update: Red=0FF, Yellow=0FF, Green=0FF
Total Duration: 88.81 seconds Total Duration: 13.01 seconds
prompt_eval_duration: 80.41 s prompt_eval_duration: 6.54 s
load_duration: 1.98 s load_duration: 0.16 s

eval_count: 32 eval_count: 33

eval_duration: 6.41 s eval_duration: 6.31 s

eval_rate: 4.99 tokens/s eval_rate: 5.23 tokens/s

sim_act_leds_interactive_optimized.py

13


https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_act_leds_interactive_optimized.py

Using Pydantic

Using Pydantic is a robust way to improve the reliability, efficiency, and
maintainability of our system, mainly since we rely on the LLM to output
precise JSON

* No more parsing errors - Guaranteed valid JSON

* Cleaner output - No markdown code blocks

* Type safety - IDE autocomplete and type checking

* Faster generation - Constrained decoding is more efficient
e Better validation - Pydantic catches invalid values

sim_act leds_interactive _pydantic.py



https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_act_leds_interactive_pydantic.py

Adding Data Logging

P|m./s cal Sensors

bu—r:zz BMP280 Push-
P/Hum Temp/Press| | Button |

todou./ Log

V@ ______ ;_?  data_logger.py
at was the ) E l 2=
< \{}12; L\umz ty} ) i ‘ % = | Data

User

,,,,,,,,,,,,,,,,,,,,,,

: Red LED [ Yellow ’ ‘ Green ]
SI m_a Ct_l ed S_Wlth_l Ogg I n gégy ". [ Pkys }ad [\éutl;ifs (;ctuo«:f': ;
(Not optimized) B iy s sy k. o
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https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/data_logger.py
https://github.com/Mjrovai/EdgeML-with-Raspberry-Pi/blob/main/SLMs_for_IoT_CONTROL/slm_act_leds_with_logging.py

With Logging

User Input
Detect Query Type
\
Anallysls Real-ime
) I
Load CSV Data Read Sensors
Calculate Stats/Trends SLM Inference
SLM Analysis Control LEDs
e A
Display Analysis Log Command

Display

Background Thread

Every 60s

Read Sensors

Log to CSV

16



Querying the Datalog

command_history

Smasng N Bowsamnd SN repones wd led’; yetlow.led | gresn_jed . & marcelo_rovai — mjrovai@raspi-5-SD: ~/Documents/SLM-IOT — ssh mjrovai@raspi-5-SD.local — 83x39
2025-10-20710:14:20.718046 | what Is the current temperature? The current temperature s 21.9°C from DHT22 and 22.8°C from BMP280. FALSE  FALSE FALSE
2025-10-29T10:15:38.480255 | turn on all leds All LEDS tumed on, TRUE | TRUE TRUE
! You: stats
2025-10-20T10:16:45.710702 | if the button is pressed, turn off the red led = Red LED turned off, FALSE | TRUE TRUE
2025-10-20710:17:54.806233 | if the button is pressed, turn off all leds Red LED tumed off. FALSE |TRUE TRUE Calculating statistics for last 24 hours...
2025-10-29T10:19:00.775716 | tum off ail lecs All LEDS turned off. FALSE | FALSE FALSE
2025-10-20710:20:18.943857 | if the button is pressed, turn on alleds  All LEDs turned on, TRUE | TRUE TRUE Statistics (Last 24 hours):
2025-10-20T10:26:40.514342 | what is the temperature actual? The current temperature is 22.1°C from DHT22 and 27.2°C from BMP280. TRUE | TRUE TRUE Total readings: 13
Temperature DHT22: 21.9°C - 24.4°C (avg: 22.4°C)
Humidity: 36.5% - 43.5% (avg: 40.1%)
: Pressure: 909.2hPa - 909.3hPa (avg: 909.3hPa)
sensor_readings LED changes: Red=1, Yellow=3, Green=3
T ; ] T T I Button presses: 1
timestamp temp_dht humidity temp_bmp pressure button_pressed red led yellow led green led P
2025-10-29T10:13:12.504743 | 21.9 40.8 22.7673828125 909.2205601683819 | FALSE FALSE | FALSE | FALSE You: status
2025-10-29T10:14:12.836790 | 22.0 40.9 22.7966796875 909.2401774060825 FALSE FALSE | FALSE | FALSE
2025-10-29T10:15:13.169628 | 22.0 »40.9 | 22.79921875 | 909.2460173312777 | FALSE _ FALSE _ FALSE . FALSE SYSTEM STATUS
m_‘o.m1&17:1mm 22.0 40.2 22.8359375 909.24629860536 TRUE FALSE TRUE TRUE R I SR EEEE
t t A - ° idi =
2025-10-29T10:18:13.832472 | 22.0 40.4 22.808984375 | 909.2400992352984 | FALSE FALSE | TRUE TRUE DET22_Sensort ' Temp = 22,5°C; Humidity = 38.08
- - - - - ; BMP280 Sensor: Temp = 23.1°C, Pressure 909.3hPa
2025-10-20T10:19:14.163144 | 22.0 40.8 2281875 909.2775134584971 | FALSE FALSE |FALSE | FALSE Buttons NOT PRESSED
2025-10-29T10:21:14.750170 | 22.0 401 22.8578125 909.3348075973149 | FALSE TRUE TRUE TRUE
I 1 I I [ [ LED Status:
2025-10-29T10:22:15.083681 | 22.0 39.9 22.8724609375 | 909.3255284665197 | FALSE TRUE | TRUE TRUE Red LED: ® ON
2025-10-29T10:23:15.417258 | 22.0 39.5 22.848046875 909.3310873280028  FALSE TRUE | TRUE | TRUE Yellow LED: @ ON
2025-10-20T10:25:15.989074 | 22.1 400 228724609375 909.3455856635653 | FALSE TRUE |TRUE | TRUE e
2025-10-29T10:26:16.332596 | 23.6 435 25.2212800625 | 909.2463453002865 | FALSE TRUE |TRUE | TRUE waht was the average dity today?
2025-10-29T10:27:16.667466 | 24.4 36.5 236203125 | 909.3112568670979 | FALSE TRUE | TRUE TRUE Assistant: [Analyzing historical data...]
I T I I I | I Assistant: Based on your request for the average humidity today, I analyzed the his
b 0t | 234 ko e 10803, | SRADRSN1STNIN | FALDE o ,TRUE .TRUE torical data from the last 24 hours. The average humidity reading was 40.0%, with a
2025-10-29T10:30:17.581253 | 22.5 39.1 | 23.097265625 | 909.2874610215446 | FALSE TRUE | TRUE | TRUE minimum of 36.5% and a maximum of 43.5%. This suggests that the environment has be
2025-10-29T10:31:17.916684 | 22.4 395 23.055850375 @ 909.2812657542946 | FALSE TRUE TRUE ‘TRUE en relatively humid throughout the day, but there is some variation in the readings
T T 1 T T T The trend analysis indicates that humidity has been decreasing over the past 24 h
2025-10-29710:32:18.254584 | 22.4 384 23.0705078125 | 909.3266505549615 | FALSE TRUE ,mUE ‘TRUE ours, with a decrease of 1.70% from yesterday. However, please note that this may b
2025-10-29710:33:18.585483 | 22.3 39.0 23.04609375 | 909.3204667356669 | FALSE TRUE | TRUE TRUE e affected by various factors such as outdoor weather conditions or changes in indo
2025-10-29T10:34:18.915075 | 22.2 28,7 230533203125 | 909.3024426505486 | FALSE TRUE | TRUE :TRUE or environment. If you have any further questions or concerns, feel free to ask.
2025-10-297T10:35:19.246659 | 22.3 38.0 23.06796875 909.2795854094724 | FALSE TRUE TRUE TRUE You:
2025-10-29T10:36:19.577312 | 22.3 38.1 23.0802734375 909.3467049671432 | FALSE TRUE | TRUE | TRUE
2025-10-29T10:37:19.907911 | 22.3 37.8 23.0900390625 ' 909.342026800072 | FALSE TRUE | TRUE jTRUE

17



1 IMPORTANT: The Notebook Kernel should end after using to liberate GPIOs

The problem is that Jupyter Notebook is still holding onto the GPIO pins even after our
code finishes running. When we try to run it from the terminal, those pins are already

claimed by the Jupyter process. So, before running a code that deals with GPIO in the
terminal, In Jupyter:

e Click Kernel =& Restart Kernel
e Or: Click Kernel & Shutdown Kernel

18



Questions?

®

Prof. Marcelo J. Rovai
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