Object detection

Trac nghiém 44 & Thuchanh 5 ([ Chay trén Kaggle ¥ PDF bai

Phan loai anh chi tra 16i anh c6 chai nuéc hay khong. Object detection tra vé
danh sach vat thé, méi vat co 16p, khung bao (box) va diém tin ciy (score), nén
biét dugc c6 may chai va mdi chai 6 dau. Bai nay hoc cach do do trung gitra hai

box (IoU), cach bo cac box triang nhau cho ciing mot vat (NMS), va cach cham

model detection biang mAP.

MUC TIEU

« Dai gitra cac dinh dang box.
« Tinh IoU va cai NMS.
» Tinh precision-recall va AP.

« Phan biét cac loai detector; dung detector c6 san va chon ngudng.

Mot anh cho mét danh sach dai ngin khac nhau

Detection khac classification & chd s6 vat thé khong ¢6 dinh. Ta c6 thé bi€u dién mot
anh bang boxes: (M,4),labels: (M,), scores: (M,). M la s6 du doan cta anh do,

khong phai batch size. Anh khong c6 vat nao cho boxes shape (8, 4). Vi M khac nhau
gitra cac anh, mot batch anh di kem mdt danh sach cac b ba nhu vay chit khong phai

mot tensor chung.

No6i gon, phan loai trd mdt nhan cho ca anh; phat hién vat thé (object detection) tra moi
vat mot khung chir nhat bao quanh (bounding box) kém nhan va dé tin cdy, nén khi gan
nhan dit liéu, méi vat can mot box va mot 16p. Nhiéu hé thdng ghép hai bude: phat hién

vung truée, nhu bién s6 hay khudn mit, ro6i méi doc ky tu hoac phan loai viing do.
Box c¢6 ba cach ghi thuong gap, goc (0,0) & goc trén trai:

 xyxy: hai goc (x1,y1), (22, y2) theo pixel. TorchVision dung cach nay.

e xywh: goc trén trai, roi rong va cao, theo pixel. File COCO JSON dung cach nay.
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 cxcywh chuan hoa: tam (c,, ¢,) cung rong, cao, ca bon sd chia cho kich thuéc anh nén
nim trong 0-1. Nhan kiéu YOLO dung cach nay.

Khong c6 mot quy u6c chung cho moi thu vién, nén format box la diéu dau tién can doc
trong dé. Box xyxy (10, 20,50, 80) c6 tam (30, 50), rong 40, cao 60; trong cxcywh chuan
hoa, ¢, = 0.5 nghia la tdm nim gitta anh theo chiéu ngang. Thu anh 800 x 600 vé 400 x
300 thi moi toa do box chia 2.

XyXxy - pixel TorchVision
(60, 25, 355, 400)

xywh - pixel COCO JSON
(60, 25, 295, 375)

cxcywh - 0-1 nhan YOLO
(0.324, 0.498, 0.461, 0.878)

anh 640x427, box dat tay quanh thap

Cung mdt box ghi theo ba quy uéc: xyxy, xywh ctia COCO, cxcywh chudn hoa
cta YOLO.

Ta thdng nhat toa d6 bién lién tuc, dién tich (z2 — z1)(y2 — y1). Khong cong 1 nhu mot
s6 quy u6c hop diém anh dong. Anh cé truc 2 sang phai, y xuong dudi; khi resize hoic

letterbox, box can chuyén vé hé toa do anh goc truse khi xuat.
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HOI NHANH
Anh rong 640, cao 480. Nhan YOLO ghi cxcywh = (6.5, 6.5, 8.25, 0.5).Ddi
sang xyxy theo pixel thi box la gi?

A [320, 240, 480, 480]
B [160, 0, 480, 480]
c [240, 120, 400, 360]

0D [180, 160, 300, 480]

IoU: do mirc chong 1én nhau

Intersection over union (IoU) 1ay dién tich giao chia dién tich hgp:

|AN B
I A B) = )
UAB) = B =14 B

IoU bang 1 khi hai box tring nhau, 0 khi khéng c6 giao cé dién tich duong. N6 so vi tri va
kich thuéc, khong so 16p; box diung vi tri ma 16p sai van c6 thé 1a du doan sai.

Vidu: A =10,0,4,4], B=11,1,5,5]. Giao c¢6 goc (1,1) va (4,4) nén dién tich 3 -3 = 9.
Hai box déu co6 dién tich 16, hgp 1a 16 + 16 — 9 = 23, IoU 9/23 ~ 0.3913. Néu metric yéu
cau IoU > 0.5, box B chua khop A.

Hai box 4 x 4 1éch ngang 2 c6 giao 8, hgp 24, IoU 1/3; (0,0, 4, 4) véi (2,2, 6, 6) chi giao 4,
IoU 4/28 ~ 0.14.

IoU béng 0 v6i moi cap khong giao nén khdng cho biét hai box xa hay gan. GloU tri
thém phan thira ctia hop nho nhat C chia ca hai, GIoU = IoU — (|C| — |[AU B|)/|C/:
A=(0,0,1,1),B=(2,0,3,1) c6 Crong 3nén GloU1a 0 — (3 —2)/3 = —1/3.

Ta vi€t ham nho c6 kiém box hgp 1é. Cham canh khong tao dién tich, nén bé rong /chiéu

cao giao dung max(0, ...).
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Python

import numpy as np

def box_iou(a, b):

a
b = np.asarray(b, dtype=float)

assert a[2] > a[0] and a[3] > a[1l]

assert b[2] > b[B] and b[3] > b[1]

left = max(a[0], b[B])

top = max(a[1], b[1])

right = min(al[2], b[2])

bottom = min(al[3], b[3])

intersection = max(0, right - left) * max(0, bottom - top)
area_a = (a[2] - a[8]) * (a[3] - al1])

area_b = (b[2] - b[B]) * (b[3] - b[1])

return intersection / (area_a + area_b - intersection)

np.asarray(a, dtype=float)

print(round(box_iou([0, 0, 4, 41, [1, 1, 5, 51), 4))
print(box_iou([0, O, 4, 41, [4, 0, 8, 41))

Hai gia tri doi chi€u tinh tay va truéng hgp cham bién. Néu code cho IoU am, thudng ta
da quén chan dién tich giao hoac hiéu sai format.

A
B giao = 3-3 =9
9 hap =16 + 16 - 9 = 23
IoU =9/23 » 0.391

chua dat nguéng 0.5

loU=9 /(16 +16 - 9) = 0.39.
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HOI NHANH
Box ground truth 40 x 40, du doan cung c¢6 léch ngang 1 pixel thi IoU khodng 0.95.
Néu box ground truth chi 4 x 4 va du doan cung ¢4 cling 1éch ngang dang 1 pixel,

IoU bang bao nhiéu?

A 0.375
B 0.6

c 0.75
D 0.95

loU

0.95

box 40x40

box 16x16

box 4x4
0 1 2 3 4

Iéch ngang (pixel)

Léch 1 pixel: box 40x40 con IoU 0.95, box 4x4 chi con 0.6.

NMS: bd nhiing box trung du doan

Nhiéu detector sinh nhiéu rng vién quanh mot vat thé. Non-maximum suppression
(NMS) 1a mot thuat toan tham lam:

1. Gilt box c6 score cao nhit.
2. Bd moi box con lai chong 1én n6 véi IoU vugt ngudng.

3. Lap v6i phan con lai.
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Trong vi du mot 16p, ba ting vién c6 score 0.9, 0.8, 0.7. Box 0 va 1 chong nhiéu; box 2 & xa.

Ta kiém véi thu vién dé xac nhan quy uéc “16n hon threshold”.

Python

boxes = np.array([[0, O, 4, 4],

[06.5, 0.5, 4.5, 4.5],

[6, 0, 10, 4]], dtype=float)
scores = np.array([0.9, 0.8, 0.7])

def nms_one_class(boxes, scores, threshold):
remaining = list(np.argsort(-scores, kind="stable"))
kept = [1]
while remaining:
best = remaining.pop(0)
kept.append(int(best))
remaining = [index for index in remaining
if box_iou(boxes[best], boxes[index]) <= threshold]

return kept

kept = nms_one_class(boxes, scores, threshold=0.5)

print("kept:", kept)

import torch

from torchvision.ops import nms

library_kept = nms(torch.tensor(boxes, dtype=torch.float32),
torch.tensor(scores, dtype=torch.float32), 0.5)

print("library:", library_kept.tolist())

Ca hai gitr 0 va 2. Box 1 chong box 0 véi IoU 3.5% /(32 — 3.5%) ~ 0.62 > 0.5 nén bi loai; box

2 khong cham box 0 nén 4 lai.

truéc NMS sau NMS

box 1 chéng box 0 véi loU » 0.62 > 0.5 nén bj loai; box 2 & xa nén gil

NMS gitr box 0 va box 2, bo box 1vi chong box 0 qua ngudng.
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160 box Ung vién cua detector, box score cao nhat con lai da gilr 1 box; con 153 box chuia  NMS xong: 26 box cho 24 ddng
chua NMS (1.00) va 6 box chéng lén né vai xét xu; 2 box nhé nam trong box
loU > 0.3 I6n c6 loU = 0.3 nén van sét

NMS trén anh dong xu thit: gilt box score cao nhat, bd cac box chong 1én no
qua ngudng IoU, lap lai.

NMS gia dinh cac box chong manh ctng 16p la ing vién lap ctia cing mot vat. Trong dam
dong, hai vat that cé6 thé chong box: hai ngudi dimg sat nhau c6 box IoU 0.6 thi NMS
ngudng 0.5 sé x6a mdt nguci. Ngudng NMS thap dé mat recall; ngudng cao lai dé lot box

trung.

Ngudng score va ngudng IoU ctia NMS la hai ntat khac nhau: mot loai bd ting vién thiéu
tu tin, mot loai bo Gng vién tring nhau. Vong lap trén tén t6i O(n?) phép tinh IoU véi n

Ung vién, nén anh dong vat chay cham hon ro rét.

HOI NHANH
Hai ngudi dimg sat nhau, box ctia ho ¢6 IoU 0.6. Bét iou_threshold ctia NMS bing

0.4 thi c6 rti ro gi?
A Box c6 score thap hon bi x6a, du d6 1& mdt ngudi that
8 Hai box chi déi thi tu, NMS khéng x6a box nao
c Chibox co score dugi 0.4 bi loai, loU khéng dugc dung

D Score cua box dugc gilf tang 1&n dé bu cho box bi x6a

NMS chuén lam riéng ting 16p. Ngudi ngoi trén xe dap cho hai box chong nhiéu nhung
khac 16p; tron 16p thi box xe dap bi x6a. batched_nms nhin thém nhan va chi so cac box

cung l6p.
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Python

from torchvision.ops import batched_nms

rider = torch.tensor([[0, O, 4, 8], [0, 2, 4, 9]1], dtype=torch.float32)
rider_scores = torch.tensor([0.9, 0.8])

rider_labels = torch.tensor([0, 1]) # 0 = nguoi, 1 = xe dap
print("IoU:", round(box_iou(rider[0], rider[1]), 4))

print("trdon 16p:", nms(rider, rider_scores, 0.5).tolist())

print("theo 1dp:", batched_nms(rider, rider_scores, rider_labels, 0.5).tolist())

tron I8p: nms theo I8p: batched_nms
ngugai 0.9 nguai 0.9
xe dap 0.8

IoU 0.667

xe dap bi xda

NMS trdn 16p x6a nham box xe dap; batched_nms chi so box cting 16p.

Co thé cai NMS theo 16p bang dung mot 1an goi nms: cOng vao ca bon toa dd ctia moi box
16p ¢ cung mét lugng ¢ - (m + 1), v6i m 1a toa d6 16n nhat trong batch. TorchVision diing
meo nay khi s6 box khong qua 16n. Detector kiéu DETR (muc “Cac ho detector”) khong
can NMS; khong ap thém NMS chi theo thoi quen.
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HOI NHANH
Ta cOng vao toa do mdi box mot offset ¢ - (m + 1) theo 16p ¢ cia no, réi goi nms mot

lan. Vi sao két qua giong hét chay NMS riéng cho tiing 16p?
A Viscore cua I8p sau bi gidm, nén cac I8p dugc xét 1an lugt
B Vibox I6p sau bi phong to, nén box I6p trudc khdng loai dugc
¢ Vimoi cdp box gilt nguyén loU, chi thi tu sép xé&p thay dbi

D Vibox khac 18p bi tach rdi, loU bang 0, con box cung 18p gilt nguyén loU

Ghép dtng mot 1an trude khi tinh diém

Gia str anh c6 hai chai that. Du doan theo score giam dan la chai A dang, chai A 1an nia,
chai B ding. Ground truth A chi dugc ghép mot lan, nén chudi 1a TP, FP, TP. Néu tinh ca
hai box A la ding, ta s€ thuéng viéc khoanh trung. Box dang 16p nhung IoU chi 0.4 khi
ngudng la 0.5 ciing la FP, va vat that 4y thanh FN néu khong c6 box nao khac khép.

Sau mo6i du doan, precision la s6 TP chia s6 du doan da gitr, recall 1a s6 TP chia tong

ground truth. V6i chubi trén:

ba doc TP tich lay Precision Recall
1 1 1 1/2
2 1 1/2 1/2
3 2 2/3 1

Code du6i ghép cho mot anh, mot 16p: duyét du doan theo score giam dan, méi du doan
14y ground truth chua ghép c6 IoU cao nhat; dat ngudng 0.5 thi la TP, khong thi FP.
Scorer COCO theo cung quy tac va c6 thém ving crowd: du doan roi vao dé duge bo

qua, khong tinh FP.
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Python

ground_truth = np.array([[0, 0, 4, 41, [6, 0, 10, 4]]1, dtype=float)
ranked_boxes = ground_truth[[0, 0, 1]]
matched = set()
true_positive = []
for predicted in ranked_boxes:
available = [j for j in range(len(ground_truth)) if j not in matched]
best = max(available, key=lambda j: box_iou(predicted, ground_truth[jl),
default=None)
correct = best is not None and box_iou(predicted, ground_truth[best]) >= 0.5
true_positive.append(int(correct))
if correct:
matched.add(best)

tp = np.cumsum(true_positive)

precision = tp / np.arange(1, len(tp) + 1)
recall = tp / len(ground_truth)

print("TP flags:", true_positive)
print("precision:", precision.round(4).tolist())
print("recall:", recall.tolist())

Recall ding yén & box trung, precision giam. Néu dém chai bang s box gitr lai, box trung

nay ciling bién 2 chai thanh 3: 161 ghép va 16i dém c6 cung goc.

thituy khoanh P R
chai A chaiB
1 A TP 1 1/2
2  Alannia FP 1/2 1/2
3 B TP 2/3 1

mdi ground truth chi dugc ghép mot lan

Box thir hai trén cuing chai A 1a FP vi chai A da dugc ghép.
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HOI NHANH

Anh c6 mot chai A, ngudng IoU la 0.5. Du doan P c6 score 0.9 va IoU 0.55 v6i A. Du
doan Q cé score 0.6 va IoU 0.9 v6i A. Scorer ghép hai du doan nay thé nao?

A PIlaFP, Qla TP, viQkhdp A chat hon
B CaPvaQlaTP, vicung vugt ngudng 0.5
c PIaTP, QlaFP, vi P dugdc xét trudc

D CaPvaQIlaFP, vi hai box chéng lén nhau

AP va mAP noi gi?

Average precision (AP) tom tat duong precision-recall (bai 1.5) khi thay d6i ngudng score.
Trong cach all-points, ta 1ay duong bao precision pinterp(r) = max, > p(r’), ro6i cong dién
tich cac doan recall tang. Vi du tinh tay c6 AP 0.5-1 + 0.5 (2/3) = 5/6.

Python

def ap_all_points(precision, recall):
p = np.r_[0.0, precision, 0.0]
r=np.r_[0.0, recall, 1.0]
envelope = np.maximum.accumulate(p[::-11)[::-1]

return float(np.sum((r[1:] - r[:-11) * envelopel[1:1))

print("AP vi du:", round(ap_all_points(precision, recall), 4))
print("mAP vi du:", round(np.mean([5 / 6, 1 / 21), 4))

mAP la trung binh AP qua cac 16p; dong thir hai 14y trung binh cho hai l6p c6 AP 5/6 va
1/2. Con s6 nay con phu thudc ngudng IoU dung khi ghép:
o AP50 (kiéu PASCAL VOC) chi can IoU > 0.5.

« COCO lay trung binh qua 10 ngudng IoU 0.50, 0.55, . .., 0.95. Ma COCOeval la nguon
d€ kiém dinh nghia. “mAP” thi€u ngudng va quy uéc chua da dé so diém.
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precision

| [
0.67 L)

1/2 ® [p: (0.5, 1/2)
1/3

AP = 1/2 + 1/3
= 5/6

0 0.5 1
recall

AP la dién tich du6i dudng bao precision: 5/6.

HOI NHANH
Co hai vat that. Chudi du doan TP, FP, TP cho AP bang 5/6. Thém mét du doan sai,

tirc mot FP, ¢6 score thap hon moi du doan khac. AP all-points méi bing bao nhiéu?

A 1/2
B 2/3
c 3/4
D 5/6

Cac ho detector

Moi detector déu bién anh thanh danh sach box; cac ho khac nhau & cach sinh Gng vién.

Cach c¢6 dién hon nira 1a trugt mot cira s6 khap anh 6 nhiéu ¢6 va chay bo phan loai ¢

mdi vi tri: hang van lan chay cho mét anh. Cac ho du6i day tim cach tranh chi phi ay.

Hai giai doan: dé xudt roi phan loai. R-CNN (2014) 1dy khoadng 2000 vung dé xudt tir mot
thuét toan ngoai, cit va resize ting viung roi chay CNN riéng cho méi viing dé phan loai.
Fast R-CNN chay CNN mot lan trén cé anh, réi cit dic trung ctia tiing viing ngay trén

feature map.
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Faster R-CNN thay thuét toan ngoai bang region proposal network (RPN): mdt mang nho
trugt trén feature map, tai moi vi tri chadm diém “vat hay nén” cho vai anchor (box mau
nhiéu kich thudc va ti 1€) va hiéu chinh toa d6 ctia ching. Giai doan hai nhin cac vang
diém cao nhat, gan 16p va tinh chinh box 1an nira. Vat bi RPN bo sot thi giai doan hai
khong bao gio thay.

Mot giai doan: du doan théng trén lugi. YOLO (2016), SSD, RetinaNet bd bu6c dé xuat:
mot lugt mang du doan truc tiép 16p va box & moi 6 ciia ludi feature map. Véi head ki€u
YOLOV3, mbi 6 c6 A anchor, mdi anchor cho 4 sd toa do, 1 di€ém objectness (“co vat
khong”) va C score 16p, nén lu6i S x S cho S2A(5 + C) s6; sau do loc theo score va chay
NMS. Nhiéu phién ban m&i bé anchor, du doan thang khoang cach tir diém ludi téi bon

canh box.

Mot lugt mang nén nhanh, hgp video thoi gian thuc. D6i lai, gan hét 6 1a nén, nén loss
phai xr Iy mat can bang; RetinaNet dung focal loss d€ giam trong s6 cac 6 nén dé. Focal

loss nhan cross-entropy v6i (1 — p;)?: mau dé c6 p; = 0.9 v6iy = 2 chi con 1/100 loss.

HOI NHANH
Head YOLO dung anchor trén luéi 13 x 13, méi 6 3 anchor, c6 80 16p. M6i anchor

du doan 4 toa dd, 1 objectness va 80 score 16p. Pau ra c¢6 bao nhiéu s6?

A 14365
B 42588
c 43095
D 40560
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anchor 1 4 1 80

anchor2 4 1 80 169+ 255
= 43 095
anchor3 = 4 1 80
IUgi 13x13 mé&i 6: 3 x (4 + 1+ 80) = 255 s6

Head YOLO trén luéi 13x13: méi 6 3 anchor, méi anchor 85 so.

Du doan tap: khong can NMS. DETR (2020) cho transformer xuat ¢ dinh N query, mdi
query la mot box kem 16p, hodc 16p “khéng vat thé” Khi hudn luyén, Hungarian matching
(bai toan ghép cap chi phi nhé nhat quen thudc trong 14p trinh thi dau) ghép méi vt
that voi dang mot query; query thia phai du doan “khong vét thé”, nén model tu hoc

khong khoanh mot vat hai lan.

Trong dé thi, rang budc thai gian thudng quyét dinh ho: can thdi gian thuc thi nghi téi
ho mét giai doan truéc. Du chon ho nao, model c6 san chi cho két qua ding khi dugc goi

dang cach: dang format anh vao, dang cach doc box va ID 16p ra.

Dung detector c6 san d€ dém chai

Muon dung mot detector da huan luyén, phai biét diing n6 nhan gi va tra gi. Vi Faster
R-CNN ResNet-50 FPN ctia TorchVision & ch€ d6 eval():

o Dau vao la danh sach tensor anh RGB float trong 0-1, méi anh mét kich thuéc; model

tu resize va chuan hoa.

» Maodi anh cho mot dict boxes (xyxy theo pixel ctia anh goc), Labels, scores.

Hau xr Iy bén trong da bo box score duéi 0.05, chay NMS theo 16p v6i ngudng 0.5 va gilr

toi da 100 box méi anh.

labels danh theo ID géc ctia COCO: 91 vi tri gom nén (0) va vai ID bo trong, nén chai
(bottle) mang ID 44. Nhiéu bo nhan khac, nhu nhan YOLO, danh lién 80 16p ti 0, & do6
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chai la 39. Tén 16p phai doc ti metadata di cung checkpoint, khong suy tir mot danh

sach khac.

HOI NHANH
Mot déi loc output ctia Faster R-CNN trong TorchVision bing labels == 39, v6i s6
39 lay tu file nhan YOLO 80 16p. S6 chai dém dugc sé ra sao?

A Code b&o 16i, vi ID 39 khéng cé trong dau ra 91 vi tri
B Code dém mdt I8p khac & ID 39, con chai bi bo hét
¢ Dém dung s6 chai, vi COCO chi cé mdt cach danh ID

D Dém ca chailan I8p 39, nén s6 dém hai cao

Script ctia chuong lam dng cac buéc nay trén may khong c6 Internet: ki€ém SHA-256
cua state dict Faster R-CNN COCO V1 v6i metadata (kem 91 tén 16p dung tht tu), dung
model v6i weights=None d€ khong tu tai, roi in tirng box xyxy, class ID, tén va score ctia
mot anh. Lénh khong ¢ --run chi kiém tép; thém - -run méi nap model va suy ludn trén

CPU. Tham s6 --score-threshold (mic dinh 0.5) chi quyét dinh dong nao dugc in.

Quay lai ba chai trén ban. S6 chai ctia mot anh 1a s6 box c6 labels == 44 va score tu
ngudng t tré lén. Ngudng t chon trén anh validation ¢6 nhan s6 lugng: quét vai gia tri, do
16i dém (vi du MAE), 1ay ¢ tot nhit roi mdi chay test.

Trud6ce khi quét, xem cac anh c6 chai nhd, bi che hodc ding sat nhau: d6 1a noi NMS va
ngudng score gay 16i nhiéu nhat. mAP cao chua bao dam dém tét: AP téng hgp moi

ngudng score, con bo dém chi dung mot.

Khi di thi

» Vé box 1én vai anh goc truée khi nop; 16i xywh hay xyxy, quén letterbox, 1éch ID 16p

déu 10 ra ngay.
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» Dé chdm mAP thi gilt ngudng score thap; cham count hay F1 thi chon ngudng trén

validation.

« File ndp phai dit moi image ID, ké ca anh khong co6 vat.

Tom tat
» Detection trd m6i anh mot danh sach 16p, box, score, dai ngan khac nhau.
 IoU do mirc chong ctia hai box; NMS bo box trung, nén chay riéng theo 16p.

o Cham diém duyét du doan theo score, mdi vat that chi ghép mét 1an; AP/mAP chi so
dugc khi ghi ro ngudng loU.

o Hai giai doan: dé xudt viing roi phan loai. Mot giai doan: du doan thang trén ludi.
DETR: du doan ca tap, khdng can NMS.

« Dung model c6 san phai dang format box, dang bang ID 16p; ngudng score chon theo

metric ctia dé.
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Kiém tra cuoi bai
CAU1
Ground truth va du doan déu la hinh vudng 30 x 30. Du doan léch ngang d pixel so

v6i ground truth. Scorer yéu cau IoU tir 0.5 trd 1én. d 16n nhat l1a bao nhiéu thi con

dat?

10
15

20

CAU 2
NMS cho mot 16p, loai box ¢6 IoU 16n hon 0.5 véi box da git. Score ciia A, B, C lan
lugt 1a 0.9, 0.8, 0.7. IoU(A, B) = 0.6, IoU(B, C) = 0.6, IoU(A, C) = 0.2. NMS giit nhitng

box nao?
Chi A
AvaB
AvaC

A, BvaC
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CAuU 3

Mot anh c6 hai ground truth G1 va G2 cung 16p, ngudng IoU 1a 0.5. Cac du doan xép
theo score giam dan. P1 c6 IoU 0.8 v6i G1. P2 ¢6 IoU 0.6 v6i Gl va 0.55 v6i G2. P3 ¢6
IoU 0.7 v6i G2. Scorer kiéu COCO danh dau P2 va P3 lan lugt 1a gi?

TP va FP
FPva TP
TP va TP

FP va FP

CAU 4
Anh c6 ba chai that. Cac du doan xép theo score 1a TP, FP, TP. Chai thtr ba khong c6

du doan nao. AP all-points bing bao nhiéu?
4/9
5/9
2/3

5/6

Al Canuc80k - Bai 5.5 - Object detection 18/22



CAU5
C6 hai ground truth. Cac du doan xé€p theo score la FP, TP, TP. AP all-points dung

envelope biang bao nhiéu?
1/2
7/12
2/3

5/6

CAU 6
Cung mdt model c6 AP50 biang 0.70, con AP trung binh qua cac ngudng IoU tur 0.50
t6i 0.95 bang 0.42. Hai con s6 nay ndi 1én diéu gi?

Chung mau thuan, vi cung tén AP thi phai bdng nhau

Hiéu 0.28 1a ti &8 anh ma model dodan sai han

0.70 la accuracy cua model, con 0.42 la recall

Chung khéng mau thuan, vi loU cao doi box khdp chit hon
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CAu 7

Anh kiém kho c¢6 150 chai dting tach réi nhau. Faster R-CNN ctia TorchVision gitx
moi tham s6 mac dinh. Trudc hau xtr ly, moéi chai c6 ding mét tng vién 16p chai
khop tot véi score trén 0.9, khong co Gng vién thira. D€m s6 box labels == 44 co

score tu 0.5 tré 1én thi dugc bao nhiéu, va stra thé nao?
Pugc 150, vi ca 150 box déu qua moi budc hau xu ly
Dugai 100, vi NMS 0.5 gbp nhiing chai dung sat nhau
Pugc 100, ha ngudng dém xuéng 0.05 thi sé du 150

Pugc 100, can tdng box_detections_per_img khi dung model

CAU 8

Gia st mo6i lugt chay CNN ton 20 ms. R-CNN goc chay CNN riéng trén tung vung
trong 2000 ving dé xudt. Fast R-CNN chay CNN mot 1an trén ca anh, réi cat dac
trung cho tiing viing. Véi mot anh, phan chay CNN cfia hai cach lan lugt mat

khoang bao lau?
20 ms va 20 ms
20msva40s
40svad40s

40 sva 20 ms

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 209
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https://aisingapore.org/wp-content/uploads/2026/04/NOAI-2026-Preliminary-Round-Assessment-300-MCQs-Google-Forms.pdf#page=76

CAu 9
Faster R-CNN bo s6t nhiéu chai nho. Kiém tra thi thay cac chai nay khéng c6 trong
danh sach viing Gng vién chuyén sang giai doan hai. Thanh phan nao sinh ra danh

sach do?
RPN, thanh phan cham anchor va dé xuat ving
Head phan loai, thanh phan gan I18p cho tiing vung
Head héi quy, thanh phan tinh chinh toa dé box cubi

NMS cubi, budc gil box score cao nhat méi I16p

PHONG THEO ) NOAI 2025 Singapore - Phan 1- Cau 13

CAuU 10
Mot detector khong c6 buée dé xuat vung riéng. Méi 6 cta lu6i feature map du
doan truc ti€p box, objectness va 16p, chi trong mot lugt mang. Detector d6 thudc

ho nao, va dau ra tho ctia nd thudng can hau xu Iy gi?
Ho R-CNN, can RPN loc lai cac box thd
Ho YOLO, can loc score réi chay NMS
Ho YOLO, khéng can hau xu ly gi thém

Ho R-CNN, can loc score rdi chay NMS

PHONG THEO ) NOAI 2025 Singapore - Phan 1- Cau 12

Poc thém

TorchVision — NMS: kiém format va diéu kién loai box.
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https://learn.aisingapore.org/wp-content/uploads/2025/10/NOAI-2025-MCQ-Assessment-Questions.pdf#page=3
https://learn.aisingapore.org/wp-content/uploads/2025/10/NOAI-2025-MCQ-Assessment-Questions.pdf#page=2
https://docs.pytorch.org/vision/stable/generated/torchvision.ops.nms.html

COCOeval: doc ngudng, recall grid, crowd /ignore dé phan biét AP ctia vi du nho véi danh gia
day du.

PyTorch — Object Detection Finetuning Tutorial: xem schema target, batch anh dai ngén va
cach thay head ctia detector.

Ren va cong su (2015) — Faster R-CNN: RPN va anchor trong detector hai giai doan.

Redmon va cdng su (2016) — YOLO: detector mot giai doan du doan trén ludi.

Carion va cdng su (2020) — DETR: du doan tap bing Hungarian matching, khong can NMS.

Tai goi recipe ctia chuong — gdom cac module phu va huéng dan chuén bi asset.
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https://github.com/cocodataset/cocoapi/blob/master/PythonAPI/pycocotools/cocoeval.py
https://docs.pytorch.org/tutorials/intermediate/torchvision_tutorial.html
https://arxiv.org/abs/1506.01497
https://arxiv.org/abs/1506.02640
https://arxiv.org/abs/2005.12872
http://127.0.0.1:56872/giao_trinh/assets/phase-5/recipes.zip

