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SUJITTRA PINPATTANAPONG : AUDIENCE ADAPTIVE SYSTEM FOR DIGITAL
SIGNAGE BASED ON REAL-TIME OBJECT DETECTION TECHNOLOGY. ADVISOR :
DR.CHATCHAI WANNABOON, 42 PP.

This paper presents an audience adaptive system for digital signage. A real-
Time object detection technology is utilized through a webcam and small computer
module in order to classify and analysis the category of audience in the target area. The
content of digital sigsnage can be altered based on the type and crowed of the
audiences inside the target area. The experimental results of the proposed digital signage
indicate a capable of adaptive content using classification between student and regular
person in the Thai-Nichi Institute of Technology area. Furthermore, this research provides

a potential of cost-effective audience adaptive system for advertisement and marketing

applications.
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2.1.1 MaUasINIe (Raspberry Pi)

2.1.2 nas3 Webcam

2.1.3 walulagnisiieuiandalunt (Face Recognition)
2.1.4 YU@n1s Yolo

2.2 N1SNUMIUITIUNTTU

2.1 NgeiingItes

2.1.1 998wasinng (Raspberry Pi)
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- Was® GPIO

(-7

- wesaleusedayaainn

- R;@L%amﬁaﬁfyiyﬁmlﬁm

- LED U@p9annusuesunsn

- FUAauAL LAN (LAN Controller)

- Weasm USB

- WasA RJ LAN

- wasm CSI (Camera Serial Interface)
- WOH HDMI

- YW Broadcom

- wasm Micro USB Power

- wasn DSI (Display Serial Interface)

- 9p9d8u SD Card
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use2

gﬂﬁ 2.1 U937 Raspberry Pi 4 [1]

Nase GPIO

1 =

Ao @il ineduan Input/Output  WAiUsasdidnnselindnieuen
mssvdsduaradndufeadsulusunsudinu Inenwindealaiumlulaun Python udan
gailnw1due Tidenladn 1w C/C++, Shell Script Wazn1¥1DUY

doyaynauiliiu/deazegsuuuuvasusaiulni oV uag 3.3V

Rospberry Pi 4 Model E
|'©Raspberry Pi 2018

U 2.2 We3n GPIO [2]

ALTusa GPIO

- \Jeusteffuuase Raspberry pi irunapailinmes GPIO 40 ¥

- 3ARDNaIA GPIO 40 ‘U’lﬂiUVJﬂ‘UWLﬂULLUU IDC

- ﬁ@m@iauw JST 2 431, 3 91 97w 10 U1 Useneaunle GPIO2/SDA, 3/SCL,
4/1-wire, 5, 14/TxD, 15/RxD, 24, 25 wag 27

- feinduuuansann 4 ﬁﬂmmazﬁmmﬁmma fafuY1 GPIO6, 17, 18, 22

ey 23



- flaouansa OLED 0.96 t mnmaziden 128 x 64 9a Mmsidesseuuua
1C
- {1 LED 3 & RGB wuvaunsuwazlusunsuls Lues WS28128 afiuuinese

GPIO12

3.3V
12C1 SDA
12€1:SEL:
GPIO4

~N oW

GPIO 17 GPIO 18
e PYEE] 14| GROUND
GPIO 22|15/ 16/GPIO 23
3.3v|17|18/GPIO 24
SEULVISRIEL] 20| GROUND
SP10 MISO| 21|22|GPIO 25
SP10 SCLK| 23|24/SP10 CEO N

sU7l 2.3 me$m GPIO Raspberry Pi Model B Rev.2 [2]

nosn USB
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' |l F DX
o |- NK
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U7 2.4 LED uansanuzuesn (2]

KRR ATAMATRRN

)

T wsuwenramotindya auduwsnmeaedygandswunn 3.5 Jaamns

LED handa@n1usuasa

dienansdnurnvhnuresuesausaranuzilegUnsalvhan dwielud
- ACT o Tnanug SD Card Access (@13e1)

- PWR o Tlannug 3.3V Power (1n9)

- FDX fo t@aiuy Full Duplex LAN Model B (@Llen)

- LNK fo Iwan1ug Link/Activity LAN Model B (#i1387)

- 100 Ao IWa@a1ug 10/100Mbps LAN Model B (#in@nq)

Frdedoanprbgr
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E‘U‘ﬁ 2.5 JUAauax LAN (LAN Controller) [2]



FUAuAL LAN (LAN Controller)

& a oA ° % = ¢ . o
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Y
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Na3e CSl (Camera Serial Interface)

Junesndmsueusielugandad Raspberry Pi tilofinztuiinnmainnaes

o35 HDMI

I s o o d' 1 A [ v aa a a aa v =

L‘Uuwaima’mwL‘UEJ&JG]E)LW@E‘N?IQJUQJJ’mJZJaGmLﬂEJmWLLaxLaﬁJxﬂquUﬂW}a KN
o § v av v a ) 1Y) A o
‘Vniwﬂ']ww‘lﬂmﬂ?']uagL@ﬂGﬂQ\i LAYAUYR ANaNN1IVDY HDMI Qﬂ@@ﬂLLUUﬂJqLW@aqu’JUﬂjquagﬂjﬂ

avigliguilaaebilasunnuduiiadusuuuuriinmuazides

SU#l 2.7 wasm HOMI (2]



nosa RJ LAN

I ¢ ag vl 1 v ¢ A a A 1 = 1 a s
Junesaitltivousa LAN lazanelvisfniineR amod oansn M o2 1enediiimes

Na3% CSI (Camera Serial Interface)

Junesndmiuiliousislugandes Raspberry Pi wiofiazTuiinnmainndes

WosHn HOMI

I s o o A oA o U ad a = aa o <

Junesadmsuilieuseiiedsdyaaianiinonmuwazideslussuuiana da
o 8 v Ay va a o o A o
WWiWﬂ']WV]IﬂQJﬂ'JWNﬁ%L@EJ@QQ LAZANTA 1aNN15U8Y HDMI Qﬂ@@ﬂLLUUNWLW@@WU?BﬂQWNﬁ%@?ﬂ

avgliuslaaiielasuanutuisfugueuuiuninuazides

Na38 Micro USB Power

vimthAdulwidesliiuisasuesa Raspberry Pi @nsnsaidenlduvasangl

NNDIN USB vaamIagle

W Broadcom

D a = 2/ U o [ s 6 a
L‘U‘NSU'WL‘WEJEIS’NG]’Jﬂ’)UQlIﬂ’]MiU‘ﬁ'ﬁﬂlﬂiW‘U‘W

Nase DS (Display Serial Interface)

TS usanUIBLanINg WU 99ARNRIMDS WWNVIAL 158398 TFT Touch Screen

YaaLdeu SD Card

dsun1saiveussytoya wselAnlUsunsuneuduieliuasnaiunse

UNLLEAIHAWIOAEI5I99)
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JUT 2.8 angiteunadyyiainn [2]

5¥UUUAURN15UBY Raspberry Pi
sruuUfuanstenldvuasnsfiaga Raspberry Pi i seuuUfjusnIs Raspbian

wszduszuulfuRnsfignatvayulaenssain Raspberry Pi Foundation

k24 s

Raspbian  LHuszuuufjifinisnsena Linux IdmsuAnnddauuuuesaving

av oA Y

AN WAI19In52UY Debian Linux winnzdmsuianldviuay wazamiddeniieiiussuy
poNTLmeSLULE wiuenimilonnUFtinistudafidel ssuuufoinisdug Snuinunel
enldiu

Raspberry Pi gnesnwuuinlvial CPU GPU waz RAM agneluviieniu 13a

Weumeo GPIO lidldsuiugunsaldidinnsedndaus

2.1.2 naad Webcam

(%

\Hugunsalidfudmiudensoruneuiimosmalfic vouduitou 1Hdusatae
Tunsdeansuulanesulatisuuuuiflensa dviieindugunsaidisniuluged wasdusrae
Tumsvhauesdpusanuaisoi fagyuiues arsuimes funed v uludmiumeussru
ooulatl uaziSousouladlugaveslsaszuindnsneguiuunsidieusendeaiunauiidedign

= d‘ 1 = a 1% v b4
D NSWWoNRABLUY Plug-and-Play Aegnansaidauudaldaula
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g’d‘ﬁ 2.9 nasd Webcam [3]

v A

viudl Lidesiinsalasviiesvioadusunsuliien uiiieuseigunsaives

o I

Ansheituiy vienueadenidundesivuauiisesunisidendesin Bluetooth w3 Wi-Fi
RavaanauBL

inaanselindas Webcam  fiflvnesutiomann udensetunesn USB ves
Raspberry Pi wia3931elvlid Raspberry Pi Walnuanisidnuvesiindedviogluanmenson

T wazdosRnaslusunsu FSWebcam asull Raspberry Pi waatusinainainndedlaviui
(3]

2.1.3 welulagn1siseuiandilunii (Face Recognition)
Hagtueneuszmeialanlsimeluladssuumsand lunti (Face Recognition)
unlenlugusingg sutdudussuunssnuanuaen e
nszurumsandlunth agshmssieudisuiulunthiignifulilugiudeys
Mngliame Touliddullagtuisiieigelunafuieyarensaie Selfies loszyinluvii
fnmafulsdunsatuyanalalagld Algorithm Tumslisgsianesdussnousineg Aeguulumiin
laidnasdu fa m nibuiu Dussuuiiviodaussansammsssy uasBusudndnuaiynna
FheAuTIAg wiud uazanansoislenaluniseseaniegsia
WENNN3YIULRs Face Recognition Ao Msadnsluinasnedstusanlagssuy
WAATIVINSNYARNIZA1 Vulunt 1wu lasemtl agn 91 Inunuiy Auanven
91 Un saufsRauazgaruuulunduduiu mndussuuaginisadagdenlesuulumih

(Nodal Point) iatUSeuiiisuiusiudeuaniuly isnnidawazniwedaulm Tnesvinly
s Y
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JUN 2.10 viannisvinuvesseuvawnulunt [4]

Face Recognition dingniunldlureudienuidunnsewnulasnds wu

JPUUATIIERUYARALY/BBNTLT wazanuiisiee Ndndudesdinisdrinansnisidnts sauda

msldnumugiundensastaensivaeuluniesiead Wea19deugutoyaeveIns

szuufiluviihagtsenouluine 2 duneu fo

1. M3ns33ulunt (Face Detection) Mg Ns¥UIUNISAUMLUNIAINATN
vieiate andurhmsUszanananwlunihdldd wiutuseudaluielfnmlund insedu
lodnesian1sanuwun

2. m333lunii (Face Recognition) fie Aszuaumsiilsihnmluminiiagadu
RuazUssnanaudnturoumsasadulunh snBsudeuiugudeyavedumiinfingady
Fnsatuyaealn seilvswnsumsadulun fie ssuuiivhmsessinsedulumildluon
Wiurundes uazvinsiieuifisuiugudeyand maluladmsesadulunthuenainagly
iieAnuvaenfoudduianliiielieseinsmaalsdnnaeguiuy
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sudo python3 detect.py -- source 0
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import argparse
import os
import platform
import sys
from pathlib import Path
import torch
FILE = Path(_ file_ ).resolve()
ROOT = FILE.parents[0] # YOLOV5 root directory
if str(ROOT) not in sys.path:
sys.path.append(str(ROOT)) # add ROOT to PATH
ROOT = Path(os.path.relpath(ROOT, Path.cwd())) # relative
from models.common import DetectMultiBackend
from utils.dataloaders import IMG_FORMATS, VID_FORMATS, Loadlmages,
LoadScreenshots, LoadStreams
from utils.general import (LOGGER, Profile, check file, check img_size, check_imshow,
check requirements, colorstr, cv2,
increment_path, non_max_suppression, print_args, scale_boxes, strip_optimizer,
Xyxy2xywh)
from utils.plots import Annotator, colors, save_one_box
from utils.torch_utils import select device, smart_inference_mode
@smart_inference_mode()
def run(
weights=ROOT / 'yolov5s.pt, # model path or triton URL
source=ROOT / 'data/images', # file/dir/URL/glob/screen/0(webcam)
data=ROOT / 'data/coco128.yaml, # dataset.yaml path
imgsz=(640, 640), # inference size (height, width)
conf_thres=0.25, # confidence threshold
iou_thres=0.45, # NMS IOU threshold
max_det=1000, # maximum detections per image

device=", # cuda device, i.e. 0 or 0,1,2,3 or cpu

view img=False, # show results



save txt=False, # save results to *.txt

save_conf=False, # save confidences in --save-txt labels
save_crop=False, # save cropped prediction boxes
nosave=False, # do not save images/videos

classes=None, # filter by class: --class 0, or --class 0 2 3
agnostic nms=False, # class-agnostic NMS

augment=False, # augmented inference

visualize=False, # visualize features

update=False, # update all models

project=ROQOT / 'runs/detect’, # save results to project/name
name='exp', # save results to project/name

exist_ok=False, # existing project/name ok, do not increment
line_thickness=3, # bounding box thickness (pixels)

hide labels=False, # hide labels

hide_conf=False, # hide confidences

half=False, # use FP16 half-precision inference

dnn=False, # use OpenCV DNN for ONNX inference

vid_stride=1, # video frame-rate stride

source = str(source)

save_img = not nosave and not source.endswith('.txt) # save inference images

is_file = Path(source).suffix[1:] in (IMG_FORMATS + VID_FORMATS)

is_url = source.lower().startswith((rtsp://, 'rtmp://', 'nttp://', 'https://))

webcam = source.isnumeric() or source.endswith('.streams’) or (is_url and not
is_file)

screenshot = source.lower().startswith('screen’)

if is_url and is_file:

source = check file(source) # download

30
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# Directories
save_dir = increment_path(Path(project) / name, exist_ok=exist_ok) # increment
run
(save_dir / 'labels' if save_txt else save dir).mkdir(parents=True, exist ok=True) #
make dir
# Load model
device = select device(device)
model = DetectMultiBackend(weights, device=device, dnn=dnn, data=data,
fp16=half)
stride, names, pt = model.stride, model.names, model.pt
imgsz = check _img_size(imgsz, s=stride) # check image size
# Dataloader
bs =1 # batch size
if webcam:
view_img = check imshow(warn=True)
dataset = LoadStreams(source, img_size=imgsz, stride=stride, auto=pt,
vid_stride=vid_stride)
bs = len(dataset)
elif screenshot:
dataset = LoadScreenshots(source, img_size=imgsz, stride=stride, auto=pt)
else:
dataset = Loadlmages(source, img_size=imgsz, stride=stride, auto=pt,
vid_stride=vid_stride)
vid_path, vid_writer = [None] * bs, [None] * bs
# Run inference
model.warmup(imgsz=(1 if pt or model.triton else bs, 3, *Ximgsz)) # warmup
seen, windows, dt = 0, [], (Profile(), Profile(), Profile())
for path, im, im0s, vid_cap, s in dataset:
with dt[0]:
im = torch.from_numpy(im).to(model.device)

im = im.half() if model.fp16 else im.float() # uint8 to fp16/32
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im /=255 #0-2551t00.0-1.0
if len(im.shape) == 3:
im = im[None] # expand for batch dim
# Inference
with dt[1]:
visualize = increment_path(save_dir / Path(path).stem, mkdir=True) if
visualize else False
pred = model(im, augment=augment, visualize=visualize)
# NMS
with dt[2]:
pred = non_max_suppression(pred, conf_thres, iou_thres, classes,
agnostic_nms, max_det=max_det)
# Second-stage classifier (optional)
# pred = utils.general.apply classifier(pred, classifier model, im, im0s)
# Process predictions
for i, det in enumerate(pred): # per image
seen += 1
if webcam: # batch size >=1
p, im0, frame = pathli], im0s[il.copy(), dataset.count
s += i}
else:
p, im0, frame = path, im0s.copy(), getattr(dataset, 'frame’, 0)
p = Path(p) # to Path
save_path = str(save _dir / p.name) # im.jpg
txt_path = str(save dir / 'labels' / p.stem) + (" if dataset.mode == 'image’ else
f {frame}) # im.txt
S += '%9x%¢g ' % im.shape[2:] # print string
gn = torch.tensor(im0.shape)l[1, 0, 1, 0]] # normalization gain whwh
imc = im0.copy() if save_crop else im0 # for save_crop
annotator = Annotator(im0, line_width=line_thickness, example=str(names))

if len(det):
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# Rescale boxes from img_size to im0 size
det[;, :4] = scale_boxes(im.shape[2:], det[:, :4], im0.shape).round()
# Print results
for c in detl:;, 5].unique():
n = (det[;, 5] == c).sum() # detections per class
s += f'{n} {names[int(c)]{'s' * (n > 1)}, " # add to string
# Write results
for *xyxy, conf, cls in reversed(det):
if save_txt: # Write to file
xywh = (xyxy2xywh(torch.tensor(xyxy).view(1, 4)) / gn).view(-1).tolist()
# normalized xywh
line = (cls, *xywh, conf) if save conf else (cls, *xywh) # label format
with open(f{txt path}.txt! 'a') as f:
f.write(('%g ' * len(line)).rstrip() % line + \n)
if save_img or save crop or view_img: # Add bbox to image
c = int(cls) # integer class
label = None if hide labels else (names[c] if hide conf else
f{names[cl} {conf:.2f})
annotator.box_label(xyxy, label, color=colors(c, True))
if save_crop:
save_one_box(xyxy, imc, file=save dir / 'crops' / names|c] /
f{p.stem}.jpg’, BGR=True)
# Stream results
im0 = annotator.result()
if view_img:
if platform.system() == 'Linux' and p not in windows:
windows.append(p)
cv2.namedWindow(str(p), cv2.WINDOW NORMAL |
cv2.WINDOW_KEEPRATIO) # allow window resize (Linux)

cv2.resizeWindow(str(p), im0.shape[1], im0.shape[0])
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cv2.imshow(str(p), im0)
cv2.waitkey(1) # 1 millisecond
# Save results (image with detections)
if save_img:
if dataset.mode == 'image":
cv2.imwrite(save_path, im0)
else: # 'video' or 'stream’
if vid_pathli] |= save_path: # new video
vid_pathl[i] = save path
if isinstance(vid_writer[i], cv2.VideoWriter):
vid_writer[il.release() # release previous video writer
if vid_cap: # video
fps = vid_cap.get(cv2.CAP_PROP_FPS)
w = int(vid_cap.get(cv2.CAP_PROP_FRAME_WIDTH))
h = int(vid_cap.get(cv2.CAP_PROP FRAME_HEIGHT))
else: # stream
fps, w, h = 30, im0.shape[1], im0.shape[0]
save path = str(Path(save path).with suffix(\mp4')) # force *.mp4
suffix on results videos
vid_writer[i] = cv2.VideoWriter(save_path,
cv2.VideoWriter fourcc(*mp4dv'), fps, (w, h))
vid_writer[i].write(im0)
# Print time (inference-only)
LOGGER.iInfo(f"{s}{" if len(det) else '(no detections), Hdt[1].dt * 1E3:.1fims")
# Print results
t = tuple(x.t / seen * 1E3 for x in dt) # speeds per image
LOGGER.info(f'Speed: %.1fms pre-process, %.1fms inference, %.1fms NMS per
image at shape {(1, 3, *imgsz)}' % t)
if save_txt or save img:
s = f\n{len(list(save_dir.glob(labels/*.txt"))} labels saved to {save dir / 'labels'}"

if save_txt else "
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LOGGER.info(f'Results saved to {colorstr('bold’, save din}s}")
if update:
strip_optimizer(weights[0]) # update model (to fix SourceChangeWarning)

def parse opt():

parser = argparse.ArgumentParser()

parser.add argument('--weights', nargs="+', type=str, default=ROOT / 'yolov5s.pt,,
help="model path or triton URL")

parser.add argsument(--source’, type=str, default=ROOT / 'data/images’,
help='file/dir/URL/glob/screen/0(webcam)’)

parser.add argument(--data', type=str, default=ROOT / 'data/coco128.yaml,
help='(optional) dataset.yaml path’)

parser.add argument(--imgsz, '--img', '-img-size', nargs='+', type=int, default=[640],
help='inference size h,w'

parser.add_argument(--conf-thres', type=float, default=0.25, help='confidence
threshold')

parser.add _argument(--iou-thres', type=float, default=0.45, help="NMS loU
threshold’)

parser.add argument('--max-det’, type=int, default=1000, help="maximum
detections per image’)

parser.add argument('--device', default=", help='cuda device, i.e. 0 or 0,1,2,3 or
cpu’)

parser.add argument(--view-img', action='store_true', help='show results')

parser.add argsument(--save-txt', action='store_true', help='save results to *.txt')

parser.add argsument(--save-conf', action='store true', help='save confidences in --
save-txt labels)

parser.add argument('--save-crop', action='store true', help='save cropped
prediction boxes')

parser.add _argument('--nosave', action='store_true', help='do not save
images/videos')

parser.add argsument(--classes', nargs="+', type=int, help='filter by class: --classes 0,

or -—classes 0 2 3')
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parser.add argument(--agnostic-nms', action='store_true', help='class-agnostic
NMS')

parser.add argument(--augment', action='store_true', help='augmented inference’)

parser.add_argument(--visualize', action='store_true', help="visualize features')

parser.add argument(--update’, action='store_true', help="'update all models’)

parser.add_argument('-project’, default=ROOT / 'runs/detect’, help='save results
to project/name’)

parser.add argsument(--name’, default='exp’, help='save results to project/name’)

parser.add argument(--exist-ok', action='store_true', help='existing project/name
ok, do not increment’)

parser.add argument(--line-thickness', default=3, type=int, help="obounding box
thickness (pixels))

parser.add argument('--hide-labels', default=False, action='store_true', help='hide
labels)

parser.add_argument(--hide-conf', default=False, action='store_true', help='hide
confidences')

parser.add _argument(--half, action='store_true', help='use FP16 half-precision
inference’)

parser.add argument(--dnn', action='store_true', help='use OpenCV DNN for ONNX
inference’)

parser.add _arsument(--vid-stride', type=int, default=1, help='video frame-rate
stride’)

opt = parser.parse_args()

opt.imgsz *= 2 if len(opt.imgsz) == 1 else 1 # expand

print_args(vars(opt))

return opt
def main(opt):

check _requirements(exclude=(tensorboard', 'thop")

run(**vars(opt))

if name ==' main_"
opt = parse_opt()

main(opt)
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