CHAPTER 3 - IESTIOS EDGE Al ENGINEERING

Multimodal Al
at the Edge

Giving a small model eyes

| One extra file - and the same board describes a photograph

Marcelo Rovai - UNIFEI
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THE MOTIVATION

Text is a strange interface
for a visual problem.

Water sitting in an old tire. A plant saucer that never drains. A
bucket left open after the rain. The thing you want to catch is
visual.
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THE ROUTE

Seven stages, one seeing board at the end

Projector
Serving
The API
CPU limits
0.8B or 2B
Experiment

Further
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One extra file turns a text model into a vision model. What is inside it.

Two files that must match, one weight format, four flags that decide if it works.

The WebUI is the smoke test. For repeatable work, base64 data URIs.

Why it runs forever, why it freezes at 2%, and how to read free -h calmly.

Both measured on the same image. A real trade, not a free upgrade.

Can an un-tuned 0.8B judge whether a photo shows a breeding site?

A live camera, a bootstrapped dataset, and the hand-off into Chapter 4.



STAGE 1 OF 7

The projector

One extra file turns a text model into a vision model.
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Serving The API CPU limits 0.8B or 2B Experiment Further

ARCHITECTURE

Not vision bolted on — trained to see

THE OLD RECIPE QWENS3.5

LLaVA, Moondream A unified foundation

A frozen language model, a frozen image encoder, and a Trained on text and image tokens together from the start
separately trained adapter glued between them. — early fusion. Alignment is learned jointly with the rest

of the network, not bolted on afterwards.

Vision is an attachment.

This is also why Qwen3.5 beats the earlier Qwen3-VL models rather than inheriting from them — a different
family, not a newer version.
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Serving The API CPU limits 0.8B or 2B Experiment Further

ARCHITECTURE

The split is packaging, not architecture

mmproj-BF16.gguf ® 7 207 MB | & xet
mmproj-F16.gguf @ 7 205 MB | & xet
mmproj-F32.gguf @ 7 402 MB X xet

image — vision encoder — projector — language model — text

The -m file holds the language model. The mmproj holds the vision encoder and the connector. Run without the
mmproj and you skip the vision pathway entirely — which is exactly what Chapter 2 did.
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Projector Serving The API CPU limits 0.8B or 2B Experiment Further

THE PIPELINE

What happens to an image at inference

Vision encoder

The image is chopped into patches; a ViT returns one feature vector per patch, in its own space — unrelated to the language
model's vocabulary.

Multimodal connector

It reshapes those vectors to the model's embedding dimension, so a patch of fur behaves the way the text embedding for
'fur' would.

Spliced into the token stream

Inserted where an image placeholder sits. There is no 'image mode' — the picture has become something that reads like
tokens.

Language model
It continues the sequence, conditioned on embeddings it can now read. That is why 'describe this image' produces a
caption.

The vision pathway produces no text — only embeddings. Every word in the answer comes from the language
model.
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Serving The API CPU limits 0.8B or 2B Experiment Further

THE CONSEQUENCE

An image is not one token — it is hundreds

hundreds to -c 4096 --image-

thousands max-tokens
visual tokens per image, depending the context size this chapter needs the dial that caps the encoder's token
on resolution budget

The -c 1024 that was fine for the text classifier in Chapter 2 will overflow before you have even added a prompt.
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STAGE 2 OF 7

Loading and serving

Two files that must match, one weight format that matters, and four
flags.
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Projector m The API CPU limits 0.8B or 2B Experiment

THE PAIRING RULE

The model and its projector
must match.

Their embedding dimensions have to agree. Pair a projector with the wrong base and
llama-server refuses to load, with an n_embd mismatch. If you took the model from
Bartowski, take the projector from Bartowski too.
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Further
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Projector

Free the port, then download the projector

€ c (ANolSecuve 192.168.5.126:8081/#/chat/1v7zife8tkt & 1}) £} | 4+ AskGemini & i

# Apps B8 | @ PreviRed [] Webpage to PDF -.. 5 https://www.pdfes. a KDP @ Save page as PDF » | [3 Al Bookmarks

The API CPU limits 0.8B or 2B Experiment Further

the apter

sudo ss -ltnp | grep 8081 # should print nothing

R W™

Q
free -h °
o Describe the image, Keep it to a Paragraph.
DB Yr e

cd ~/models/Qwen3.5-0.8B-GGUF
wget -c "https://huggingface.co/unsloth/\
Qwen3.5-0.8B-GGUF/resolve/main/mmproj-F16.gguf"

This serene rural scene captures two children playing atop a magnificent, ancient oak tree in a lush
tropical landscape. The tree's sprawling branches hang low over the ground, laden with clusters of green
quinces or similar fruits, while a wooden platform extends from its thick, textured trunk, serving as a cozy
elevated playhouse. Ladders are affixed to the tree for easy access, and the boys—a boy in a green shirt
and another in a blue striped shirt—play on the platform, one holding a green bucket and the other sitting
beside it. In the foreground, a dirt road winds through vibrant green fields under a bright blue sky dotted
with fluffy white clouds. Distant mountains loom in the background, framing the peaceful countryside,
creating a harmonious blend of nature and human play. The image exudes warmth, tranquility, and the

charm of untamed rural life.
@Bart-qwen35 @88 = 176tokens ©31s M 5511s

bygore

Stop the old server first — it is holding both the port and
RAM you are about to need.

fType a message.
°®

+ @ Bart-qwen35 .88 0

The files listed on the Hugging Face model page

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector m The API CPU limits 0.8B or 2B Experiment

WEIGHT FORMAT

Prefer F16, not BF16.

The A53 cores have no native BF16 path, so BF16 weights get converted on the fly — wasting
memory bandwidth you cannot spare. Switching dropped the description time for a 640x640
image from 4 minutes to about 1.
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Further
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Projector The API CPU limits 0.8B or 2B

The vision server

Experiment Further

$

./build/bin/llama-server \
~/models/Qwen Qwen3.5-0.8B-Q8 0.gguf \

-m
--mmproj ~/models/mmproj-0.8B-£f16.gguf \
--host 0.0.0.0 --port 8081 \

-c 4096 -t 4 \

-n 256 \

--jinja \

mage-max-tokens 256 \
easoning off \
easoning-budget

I device_info:
- CPU

sIv
sTv

1lama_server
init

1lama_server
load_model
load_model
it_resul

sTv
sIv
sIv
common_i

--image-max-tokens 256 \

1oad_model
1load_model
1load_model
1oad_model
load_model:
load_model:
1load_model:
1load_model:

--reasoning off --reasoning-budget 0 \

--alias qwen3.5-0.8b

If a request returns "image processing requires a vision
model", the mmproj did not load. Nothing else produces
that message.
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f " N
@ @ @ @ marcelo_rovai — arduino@uno-q-4b: ~fllama.cpp — -zsh — 161x42

pp$ ./build/bin/llama-server \
no/models/Quen_

ven3.5-0.8B-Q8_0.gguf \

mproj /home/arduino/models/mmproj-F16_0.8B.gguf \
ost 0.0.0.0 ——port 8081 \
—c 4096 -t 4 \
6\

1 log_info: verbosity = 3 (adjust with the '-lv N' CLI arg)

: CPU (3667 MiB, 3667 MiB free)
system_info: n_threads = 4 (n_threads_batch = 4) / 4 | CPU :

NEON = 1 | ARM_FMA = 1 | LLAMAFILE = 1 | OPENMP = 1 | REPACK = 1 |
n_parallel is set to auto, using n_parallel = 4 and kv_unified = true
running without SSL

sing 8 threads for HTTP server

Loading and starting the
model

provide —-verbose logs if the bug only occurs with —fit on)
ost memory

oading model

loading model '/home/arduino/models/Qwen_Qwen3.5-0.8B-Q8_0.gguf"
mtmd] estimated worst-case memory usage of mmproj is 356.79 MiB
fitting params to device memory ...

Loading and starting the
projector

slot,

slot,

slot,

slot,
prompt cache is enabled, size limit: 8192 MiB
use '——cache-ram @ to disable the prompt cache
for more info see https://github.com/ggml-org/1lam
context checkpoints enabled, max = 32, min spacing

cpp/pull/16391

The clip/mtmd block confirms the projector loaded
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Projector m The API CPU limits 0.8B or 2B Experiment Further

SERVING

The four flags that actually matter

--jinja
Turns on the model's own chat template. Skip it and generation never stops — the fallback template does not register
Qwen's end-of-turn token as a stop string.

-c 4096

The context has to hold hundreds of visual tokens before your prompt even starts.

--image-max-tokens 256

Caps the encoder's token budget. This is your main speed dial — Section 4 comes back to it.

-n 256

Caps output length as a safety net. Section 6 revisits this: it interacts with the thinking trace in a way that surprises people.

--host 0.0.0.0 reaches the WebUI from a laptop. --alias keeps a stable model name, whichever GGUF is loaded.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge 14



Projector The API CPU limits 0.8B or 2B Experiment Further

FIRST CONTACT

Drop an image into the WebUl mo—

« c (ANnIS!:ure 192.168.5.114:8081/#/chat/890585b0c03 & fr) a1 @&
i Apps 85 | @ PreviRed [J] Webpage to PDF -.. & https:/jwww.pdfes.. (B KDP » | [3 All Bookmarks
[in]

2]

Q

k4

@

Describe the image. Keep it to a paragraph.

[T )

This is a vibrant, idyllic photograph capturing two young children joyfully playing in a rustic
wooden balcony atop a colossal, gnarled tree in a lush, rural landscape under a bright blue sky.
The tree, with its sprawling canopy of green leaves and hanging green fruit like sour pears or
guavas, dominates the frame, its base rooted in the grassy fields. A sturdy ladder leans against
the tree, adding to the sense of scale and nature. The balcony, built directly into the tree's trunk,
provides a perfect vantage point for the children, who are smiling and looking out over a golden
field dotted with distant hills and a small white house in the background. The scene exudes a
sense of peaceful, communal childhood, blending the rugged beauty of the forest with the warmth
of human play.

© Qwen_Qwen3.5 @.88 Q8.0.guf @ # o= 164tokens ©30s M5.431Ys

Type a message...

°®

+ © Qwen_Quen35 .88 G8_0.gguf °

A first description, from the embedded WebUI

Keep images under 640x640 — Section 4 explains why that number matters so much.
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Projector m The API CPU limits 0.8B or 2B Experiment Further

FIRST CONTACT

What a small VLM gets right, and wrong

THE GIST THE SPECIFICS

Genuinely good Unreliable

On a generated scene it named the platform, the kids, the Then it called the hanging papayas 'quinces or similar
ladder, the path, the clouds and the mountains. fruits'.

That is the judgement a breeding-site screen actually It can tell you 'there is a container with standing water'.
needs. Do not trust it to identify a specific 200-litre drum.

Design the question around what it is actually good at.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge 16



STAGE 3 OF 7

The API

The WebUI is the smoke test. For anything repeatable, send the image as
a base64 data URI.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector Serving CPU limits 0.8B or 2B Experiment Further

curl — write the body to a file

C cd ArduinoApps/images
- arduin | IMG=$(baseb64 —-i test- s )
$ IMG=$ (base64 -w 0 test-papaya.png) : cat > /tmp/zeq.json <<EOF
{

"max
"messages":

$ cat > /tmp/req.json <<EOF

{ "max tokens": 256,

"image_url", "image_url": {"url": “"data:image/png;baseé64,$IMG"}},
"text", "text": "Describe this image."}

"messages": [{"role": "user", "content":
curl -s http://127.0.0.1:8081/v1/chat/completions \
LAl LAl "wa " "wa "we. -H "Content-Type: application/json" \
{"type": "image url", "image url": e
{"choices":[{"finish_reason length","index":0, "message":{"role i "content":
" " w o = . $ " "This is a serene, vibrant outdoor photograph capturing a child's treehouse nestled with
{ url data ° lmage/png 4 base64 4 IMG } } 4 in a massive, ancient tree — likely in a tropical or subtropical rural setting.\n\nx*For
eground & Midground:**\n- A large, sprawling tree dominates the frame, its trunk thick a
{ " type " "text" , "text": "Describe this _ W } ] } ] } nd textured with bark that suggests age and resilience. The tree branches extend outward
in all directions, laden with ripe green papayas (or similar citrus fruits), hanging in
clusters at first, then more fully spread out.\n- Below the tree, a rustic wooden platf
EOF orm rises from the trunk — a classic treehouse. It features railings and a small balcony
structure.\n- On the platform, two young boys are playing. One stands on the left side,
holding onto the railing; the other sits on the right side, facing forward with a joyfu
1 expression. Both appear to be enjoying the view.\n- A sturdy wooden ladder is leaning
against the base of the tree, inviting children to climb up to the elevated platform.\n\
. nx*Background & Environment:*x\n- The ground is covered in lush green grass and dirt pat
$ curl -S http: //127 . O . O . 1 . 8081/v1/chat/completlons \ hs.\n- In the distance, rolling hills or mountains fade into hazy blue tones under a bri
ght blue sky with scattered white clouds.\n- To the right, a rural fence runs along the"
. . . }}1,"created" :1780679493, "model" : "Qwen 3. —Q8_0.gguf", "system_fingerprint":"b93
-H W content—Type . appllcatlon/ J son W \ 30-328874d@5", "object":"chat.completion”, "usag completion_tokens":256, "prompt_tokens
":274,"total_tokens":530, "prompt_tokens_detail cached_tokens":0}}, "id":"chatcmpl-Qg3
. tWUZrpok7pOvOV3S2QVgl84T7MDRI ", "timings":{"cache_n":0, "prompt_n":274, "prompt_ms":73885.9
= —data @ /tmp/req . j son 38, "prompt_per_token_ms" 269.6567086291;703,"prompt_per_second":3.708418779226976,"predi
I ges$

arduinoQuno-q-4b

Match the media type to the file: image/png for .png,
image/jpeg for .jpg.

The smoke test
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Projector Serving The API CPU limits 0.8B or 2B Experiment

THE TRAP

Never paste base64
into a curl -d argument.

A base64 image is large enough to exceed the shell's argument-size limit, and you get
"Argument list too long" before the request is even sent. Write the body to a file, or pipe it on
stdin, so it never goes through the command line.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector Serving CPU limits 0.8B or 2B Experiment Further

Python — for anything real

def describe image (path, prompt="Describe this image.",

max_tokens=256) :

uri = f"data:image/jpeg;base64, {encode_ image (path)}"

payload = {"messages": [{"role": "user", "content": [
[+ NON ) marcelo_rovai — arduino@uno-q-4b: ~/ArduinoApps — ssh arduino@192.168.5.114 — 91x12

{"type": "image url", "image_ url": {"url": uri}}, arduino@uno-q-4b: ~/Ardui $ nano image_caption.py
arduino@uno-q-4b: i $ python3 image_caption.py

The image depicts a serene yet abandoned coastal landscape at low tide, where a weathered,
rubber tire floats gently on the surface of calm, murky water. The tire’s textured tread an
[d faded gray color suggest it has been exposed to salt and time for over a decade. Surround
[ing the tire, small, jagged rocks and pebbles are scattered across the shoreline, some part

{"type": "text", "text": prompt}]}],

"temperature": 0.7, "max tokens": max_ tokens}

ially submerged, adding to the rugged, natural aesthetic. In the background, the water refl
ects the sky and distant land, creating a mirror-like effect that enhances the tranquil moo
d of the scene. A few thin branches or twigs poke out from the water, adding a touch of 1lif
e to the otherwise still and still-dead environment. The overall composition evokes a sense
of quiet solitude and the enduring passage of time in a natural, untouched setting.
arduino@uno-q-4b:~/ArduinoApps$

1-2 minutes here

requests.post (SERVER, json=payload, timeout=300)
r.raise for_ status()

return r.json() ["choices"][0] ["message"] ["content"]

describe_image() in use

timeout=300 is not paranoia. The default gives up long
before the model does.
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STAGE 4 OF 7

CPU realities

Why it never stops, why it freezes at 2%, and how to read free -h without
scaring yourself.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector Serving The API CPU limits 0.8B or 2B Experiment Further

TWO SYMPTOMS

The failures that eat an afternoon

SYMPTOM 1 SYMPTOM 2
It runs forever It freezes at 2%
The fix is --jinja plus the -n cap. A tall collage parked the progress bar at 2% with an ETA

of 113 seconds. Ten minutes later: still 2%.

If you have both and it still runs away, the WebUI's own
max-tokens setting is overriding the server's -n. Lower it It was not stuck. It was facing tens of minutes of honest
in the sampler panel too. math.

On this board, vision is compute-bound on image size — not memory-bound at sane sizes.
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Projector Serving The API CPU limits 0.8B or 2B Experiment

READING FREE -H CORRECTLY

83 MiB free is not
what it looks like.

llama-server memory-maps the GGUF, so the weights appear under buff/cache — 2.2 GiB —
not under used. The number that matters is available: 2.1 GiB free, swap untouched. The 2B
fits comfortably. It is just slow.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge

Further
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Projector Serving The API CPU limits 0.8B or 2B Experiment Further

OPTIMISATION

The speed levers, in order of payoff

Cap the encoder's token budget

--image-max-tokens 256 - encode time scales with token count, so capping it directly reduces the work. Reach for this first.

Downscale the input
Feed it ¥448-512 px. Complementary, not redundant — one bounds what the encoder produces, the other what it starts from.

Keep the output short

Every generated token costs real time. Same discipline as Chapter 2: wall-clock latency is what people feel.

Rebuild with OpenBLAS

-DGGML_BLAS=0ON - encode and prefill are matrix-multiply heavy. Measure before and after — the gain on ARM varies.

One more, unrelated to speed: drop --cache-prompt for image workloads. Each image adds 1000+ KV tokens, it
grows without bound, and the process eventually gets OOM-killed.
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STAGE 5 OF 7

0.8B or 2B?

Both measured on the same 640x640 image. A real trade, not a free
upgrade.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector Serving The API CPU limits 0.8B or 2B Experiment Further

MEASURED

The same image, both models

Projector (F16) ~220 MB 668 MB

Decode speed 5.42 tok/s 2.44 tok/s

Time for one describe ~1 min ~4 min

Peak RAM (mmap included) well under the ceiling ~3 GB — fits, swap ~0
Description quality good gist, shaky specifics noticeably better

Treat them as two tiers, not two options. Five minutes per image rules out anything interactive.
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Projector Serving The API CPU limits 0.8B or 2B Experiment

NOT OPTIONAL

The bigger model needs
its bigger projector.

668 MB versus 220 MB. The small one will not match — the load fails with an n_embd
mismatch. It is three times larger because the vision encoder inside it is bigger, which is also
why encoding is slower: every patch passes through a heavier tower.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge

Further
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Projector Serving The API CPU limits Experiment Further

One server at a time, same port

#!/usr/bin/env bash # ~/run-gwen-0.8b-vision.sh

set -e

exec ~/llama.cpp/build/bin/llama-server \
-m ~/models/Qwen Qwen3.5-0.8B-Q8 0.gguf \ Qwen3.5-0.8B

Question: Does this image
depict a potential mosquito
¥ breeding site?

|:> Response: Yes
Reasoning: The image shows
a tire lying on the ground with
= = a large hole in the rubber,
--reasoning off --reasoning-budget 0 \ mw%mawmmMMWWm

spot for mosquitoes.

--mmproj ~/models/mmproj-F16 0.8B.gguf \
--host 0.0.0.0 --port 8081 -c 4096 -t 4 -n 256 \

--jinja --image-max-tokens 256 \

--alias qwen3.5-0.8b

Two scripts, one port
Distinct aliases are deliberate: only one server runs at a
time, so the alias echoed back in the response confirms
the swap actually took effect.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector Serving The API CPU limits Experiment Further

Run it 1in tmux

S tmux new -s vlm

$ ~/run-qwen-0.8b-vision.sh

# Ctrl+B then D to detach
S tmux attach -t vlm # to return

A describe call can take several minutes. You do not want a dropped SSH connection to kill it.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge 29



Projector Serving The API CPU limits 0.8B or 2B Experiment

THE RULE OF THUMB

Use the smallest model
that meets the task.

The 0.8B is the right default for anything interactive or run over many frames. Reach for the
2B only when a specific case needs the reasoning quality and the extra minutes are
acceptable.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge

Further
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STAGE 6 OF 7

The experiment:
VisText-Mosquito

Can an un-tuned 0.8B reason about whether a photo shows a mosquito
breeding site?

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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Projector Serving The API CPU limits 0.8B or 2B Further

The prompt, straight from the paper

VisText-Mosquito: detection, segmentation and reasoning about breeding sites

Their fine-tuned Mosquito-LLaMA3-8B reached a final loss of 0.0028 and a BLEU of 54.7. That is the ceiling we are
measuring against.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge

32



Projector Serving The API CPU limits 0.8B or 2B

The prompt from the paper

You are creating a dataset for an image analysis model
designed to identify potential mosquito breeding sites.
For the provided image, generate a question asking
whether it depicts a potential breeding site. Then
provide a detailed answer explaining why or why not.

Don't give extra text.

Output format:

Question: [Your generated question]

Response: [Yes/No]

Reasoning (Why) : [Your detailed reasoning]

Note the explicit output structure. Small models follow
structure far better than they follow instructions.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge

One image from the dataset

Further
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Projector Serving The API CPU limits 0.8B or 2B Further

ATTEMPT ONE

Right structure, wrong verdict m—-—

<« I} (A Not Secure 192.168.5.114:8081/#/chat/6j2jjd0obtl g ﬁ) o1 &
2 Apps 85 | @ PreviRed [ Webpage toPDF ..  &j https://www.pdfes.. [ KDP » | [3 Al Bookmarks
o
@
Q
3
o You are creating a dataset for an image analysis model designed to identify
potential mosquito breeding sites. The dataset will consist of image-question-
answer pairs. For the provided image, generate a question asking whether it
depicts a potential mosquito breeding site. Then, provide a detailed answer
explaining why or why not. Don't give extra text.
Output format:
Question: [Your generated question]
Response: [Yes/No]
[Your detailed
(AR o)
Question: Is this a potential mosquito breeding site?
Response: No
Reasoning(Why): This image does not depict a mosquito breeding site. It shows a small, dark, circular
object with water inside, surrounded by green leaves and small stones. It appears to be a decorative
element, possibly a planter or a small fountain, rather than a natural habitat or a man-made structure
designed to attract mosquitoes.
@ Quen_Quen3.5 @88 08.0.00uf @ 4 = 8dtokens ©15s (5.421s
Type a message...
°®
& @ Qwen_Quen3s 0.8 08.0.93uf °
A

It understood the question, understood the image, followed the format — and got it wrong

The image IS a potential breeding site. Everything worked except the one thing that mattered.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge



Projector Serving The API CPU limits 0.8B or 2B Further

The -n 256 trap

$ ./build/bin/llama-server \
-m ~/models/Qwen Qwen3.5-0.8B-Q8 0.gguf \
--mmproj ~/models/mmproj-F16 0.8B.gguf \

--host 0.0.0.0 --port 8081 -c 4096 -t 4 \
-n 1024 \ # room for thinking AND the answer
--jinja --image-max-tokens 256 \

--alias qwen3.5-0.8b # note: no --reasoning off

With reasoning ON, the <think> trace is written FIRST. The -n 256 cap was fully consumed by it, so the model
never reached the structured output that was actually asked for.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge 35



Projector Serving The API CPU limits 0.8B or 2B Further

ATTEMPT THREE

Correct — and you can read why

You are creating a dataset fo

c (ANMSe:ure 192.168.5.114:8081/#/chat/52ygyjgwhht &g Q ﬁ) o1 @

88 | @ PreviRed [J] Webpage to PDF -.. < https:/www.pdfes.. (3 KDP » | [3 AllBookmarks

You are creating a dataset fo

c (ANMSe:ure 192.168.5.114:8081/#/chat/hk4r3ul5up &g Q ﬁ) o1 @

88 | @ PreviRed [I] Webpage to PDF -.. < https:/www.pdfes.. (3 KDP » | [3 AllBookmarks

You are creating a dataset for an image analysis model designed to identify
potential mosquito breeding sites. The dataset will consist of image-question-
answer pairs. For the provided image, generate a question asking whether it
depicts a potential mosquito breeding site. Then, provide a detailed answer
explaining why or why not. Don't give extra text.

Output format:

Question: [Your generated question]

Response: [Yes/No]

Reasoning(Why): [Your detailed reasoning]

@
8

vae

@® Reasoning 3

Question: Do these plants in this image represent a potential mosquito breeding site?
Response: Yes

Reasoning(Why):: The image shows a planter pot containing stagnant water. Mosquitoes breed in
stagnant water. The dark, reflective surface inside the pot indicates a pond or pool. While the surrounding
plants are green, the primary indicator of a breeding site is the water source itself.

[Yes]

You are creating a dataset for an image analysis model designed to identify
potential mosquito breeding sites. The dataset will consist of image-question-
answer pairs. For the provided image, generate a question asking whether it
depicts a potential mosquito breeding site. Then, provide a detailed answer
explaining why or why not. Don't give extra text.

Output format:

Question: [Your generated question]

Response: [Yes/No]

Reasoning(Why): [Your detailed reasoning]

BV a

® Reasoning >

Question: Does this image depict a potential mosquito breeding site?
Response: Yes
Reasoning: The image shows a tire lying on the ground with a large hole in the rubber, providing a suitable

breeding spot for mosquitoes.

© Quon_Quend.5 @88 B 0.09f (8 | = 623tckens ©ImnS% (A519Ys

THE COST OF THINKING

’ ’ 20"

start + image processing

'OON

reasoning

'20"

DBoVve
Bzocve
= = writing, at 5.3 tok/s
+ @ Qwen_Quen3s @88 G8_0.0auf ° + @ Quen_Quen35 B85 08_0.0guf °

The bucket: a correct Yes
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An old tire: correct again
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Going further

A live camera, a bootstrapped dataset, and the hand-off into the
dual-brain project.
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DIRECTION 1

Feed it a live camera

$ sudo halt # power down before rewiring

$ sudo apt install -y fswebcam

$ fswebcam -r 640x480 --skip 20 --no-banner \
~/ArduinoApps/images/frame. jpg

640x480 is not a coincidence — it is the resolution lever | |
| . . Fim W
from Section 4, applied at capture time rather than after. e o

Hub, webcam, board
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DIRECTION 1

A frame from the desk, described on the board

Question: Does this image depict a potential mosquito breeding site?
Response: No

Reasoning: The provided image shows a setup of electronic components, including various circuit boards,
breadboards, and wires, arranged on a desk. This setup is characteristic of a laboratory or a hobbyist's
workspace. There are no visual indicators of a mosquito habitat, such as water sources, plants, or
containers. The scene is purely technical and educational, indicating that it is not a mosquito breeding
site.

® Qwen_Qwen3.5 0.88 Q8_0.gguf B & o 754tokens © 2min28s (A 5.09t/s

Live camera in, description out — same describe_image(), different source
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Bootstrap a labelled dataset overnight

import json, glob

with open("labels.jsonl", "w") as out:

for path in sorted(glob.glob("images/field/*.jpg")) :

ve rdi C t = de S Cribe image (path 12 000 marcelo_rovai — arduino@uno-q-4b: ~/ArduinoApps — ssh arduino@192.168.5.114 — 101x10

arduino@uno-q-4b:~/ArduinoApps$ python3 visText-mosquito—caption.py
Question: Does this image depict a potential mosquito breeding site?

prompt=MOSQUITO_PROMPT,
max_tokens=1024)

Response: [Nol

Reasoning(Why): The image displays a DIY electronics project setup, including an Arduino board, a bre

out.write(json.dumps ({"image": path,

"wverdict": verdict}) + "\n")

adboard with various components, a power supply unit, and a fan motor (indicated by the flexible cabl
e). It does not contain any water sources, mosquito nets, bridges, or stands that would constitute a
mosquito breeding site.

arduino@uno-q-4b:~/ArduinoApps$ ]

print (£f"done: {path}")

Running over a folder

You cannot ship the labels unread. Treat the output as a
first draft a human curates — your reviewer is correcting,
not authoring, and that is most of the cost gone.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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ZERO-SHOT AND FINE-TUNED

Not rivals

WHAT WE DID

Zero-shot

A general model reasoning about
a task it was never trained for.
Cheap, immediate, and good
enough to bootstrap.

The API CPU limits 0.8B or 2B

WHAT THE PAPER DID

Fine-tuned

An 8B model trained on the
dataset, landing a BLEU of 54.7 —
well above what an un-tuned 0.8B
reaches.

THE RELATIONSHIP

Sequential

Zero-shot bootstraps the dataset
cheaply. Fine-tuning turns it into a
specialist. One feeds the other.

Direction 3 — Chapter 4 wires in the MCU: sensors, Bridge RPC, an RGB LED reporting a verdict. A button stands in
for a water sensor; with this chapter's camera, that input can come from the model instead.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge
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CONCLUSION

The API CPU limits 0.8B or 2B

What works, and what does not

IT WORKS

Vision runs here

A coin-sized CPU describes a scene
and reasons about it, offline. A
couple of years ago that sentence
would have been a joke.

The gist is reliable — and one
model, two modes: the mmproj is
the only addition.
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ITIS SLOW

A batch too], not a
chat

A minute to a few minutes per image
rules out anything interactive.

Compute-bound, not memory-bound:
a too-large image does not crash the
board, it makes you wait ten minutes
for an answer you could have had in
one.

IT IS UNRELIABLE

On specifics

It called papayas 'quinces’. It will
name the wrong container, invent
a detail, occasionally flip a verdict.

Trust the gist, never the specifics.
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THE TAKEAWAY

The interesting use is not
real-time vision.

It is dataset bootstrapping. A board this cheap, generating first-draft labels offline, turns the
expensive part of a supervised pipeline into something one field device does overnight.

IESTIOS - Arduino UNO Q - Ch. 3 — Multimodal Al at the Edge

43



Projector Serving The API CPU limits 0.8B or 2B Experiment m

FIVE THINGS TO REMEMBER

From Chapter 3

The mmproj must match the base
Wrong pairing means an n_embd mismatch and no load at all.

Prefer F16 over BF16

No native BF16 path on the A53s. This was 4 minutes versus 1.

Give it -c 4096

An image is hundreds of visual tokens before your prompt starts.
Use --jinja, or it never stops
The fallback template does not know Qwen's end-of-turn token.

Resolution is the biggest lever
Vision here is compute-bound on image size.

A note on the VENTUNO Q: 16 GB and a Dragonwing NPU make the 2B interactive instead of a five-minute wait.
Same mmproj split, same flags — only the clock changes.
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RESOURCES

Where to read further

llama.cpp multimodal (mtmd) docs github.com/ggml-org/llama.cpp/blob/master/docs/multimodal.md
llama.cpp mtmd / libmtmd README github.com/ggml-org/llama.cpp/blob/master/tools/mtmd/README.md
Qwen3.5-0.8B GGUF + mmproj (Unsloth) huggingface.co/unsloth/Qwen3.5-0.8B-GGUF

ggml-org multimodal GGUF collection huggingface.co/collections/ggml-org/multimodal-ggufs
VisText-Mosquito paper (arXiv) arxiv.org/abs/2506.14629

VisText-Mosquito dataset (Mendeley) data.mendeley.com/datasets/rtsth7jh7p/3

Next — Ch. 4, GenAl Meets the Real World: a dual-brain dengue-risk classifier. The MCU senses, the MPU reasons
— and after this chapter, the reasoning can include sight.
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Questions?

Prof. Marcelo J. Rovai

rovai@unifei.edu.br

UNIFEI — Federal University of Itajuba, Brazil
AiEng4D — Academic Network Co-Chair
EdgeAlP — Academia-Industry Partnership Co-Chair
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