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Since an early flush of optimism in the 1950s, smaller subsets of artificial intelligence - first machine learning, then
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6w T AL R R AR 6 AT PR 3] MR R T

AR TAZER | R R
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mE

I 25 A B L R S Rl AN B A
I FH v e A7 B AR R 5 0 fE A 802 - RE S 40
1 T A B i b R o LBE A T R A Bl
M (Video) seB Ry BifE 2 Jik - FIA I
B5E L HYPEBAIR R - AR S A BT
(Roadside Unit) J530 » BEEH L BB
ENETSE: 3 vy AR VS TR =R = R 2 O Iy oy M
) 5 BRI J7 22 S A B QR 2 HE F » B e
H%T%%jﬁﬂ‘%ﬁ%ﬂﬁﬁﬁ}\%ﬁﬂxﬁim
EITEmEERRE G - WENEEEE
(Deep Learning) #ffiy » FR B 2% B {EH]
B HELRE HERT » o i B A E B b B R
it AR R L BT R T %€ -
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1t > FERE2SE27 (Machine Learning ) B
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MR SFISEECIE R - DS ESEREEZ
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i R B e B LA AR A R
HLER F) A R GEHE - DU L Z2EE AL - BT ST
FEAUE AR OTREE (E1) @ E516

(Georeferencing) ~ 18l (Detection) ~ &
¥t (Tracking) - #fERYIHZEIEH S
52 RE AL R B e St P AR ~ g (3]
S REFERS A ~ BB B B S5 15 R L s B
e 2R TIFEE R LM% - HEGR
FREENT ~ I TE R EE -

— - HMRAE

PR B 5 (5 st Ul ERse 5 - TR
RERZETETHWPEE (Recognition) »
A LU 808 A e 3 il Bl » (AT B
R BEEET BB AT BB R R
Bty - Hp &g @ia e LR - gt
S HER BB BUET 5 o FHERA AR RRY KB
e

(—) IR =R

1. s BAR e (b B

D fie 52 7Y fi A A% ] 5 o A e v B o B
I 3 % B R [ 2 o [ B O S R B
BB AE T H &G - kAR
(Hovering) ZZ3EITHIMIF - RITHEENA
O ER TR E B G A - K 22
A5 Fr YL T BRI h B MERT TR AR E
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Detection

R

235 BESE|
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G BRI YR TR 2 G - R
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Features, SURF) (Bay et al., 2006) fERi
22 R TR 2B 4 B R 308G » e iliwlin
VLJC T P B AR 2%+ BTGB - BT
Al G BEGTEE (E2) - B3R
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HAMBAEE (E, N) - AFELIZ2E ES
B Ry TG E Ry 2L - A TR HE IR G K
RISt -7 gt i DS 2 N B e
A EHARE (all~c12) (1) -+ [F—
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I [nmus
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(Z) XBITEYMGER

ARG Al T2 YR8 A o B AR KA
EBil/NAY L+ 5 BE AL > PR Faster-RCNN
(Ren et al, 2015) ° #ZIAFHRCNN (Region
CNN) (Girshick et al., 2014) FFast-RCNN
(Girshick, 2015) JEFHEMZK - HHRCNNES
sy FSelective Searchifi Bl » {EHa AR
HREZEHUR SR E &SR (Region Proposal ) »
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4 HIEMERURRTEER
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— smas\ Q)

SH= warped region

1. Input
image

2. Extract region
proposals (~2k)

(a) RCNN (Girshick et al., 2014)

3. Compute
CNN features

feature map

(b) Fast-RCNN (Girshick, 2015)

R-CNN: Regions with CNN features

4. Classify

Outputs:

softmax regressor

Rol feature
vector For each Rol

regions

bbox

(c) Faster-RCNN (Ren et al., 2017)

E 5 RCNN, Fast-RCNN E Faster-RCNN %

BEZEBCNN (Convolutional Neural
Network ) DUtRE R 1EH HAHUR > FA]
FISVM (Support Vector Machine ) Zr¥HzsiE
1703 - HoEEEEYN 2L EIMEETTHR
MRS - IR H AR SME (Boundary
Box) ([&S5(a)) ° Fast-RCNN#EH#EIT—K5E
BB CNNFHEEZ L » BRI pooling
(Region of Interest Pooling ) FFEEHAY
region proposalBMEF EICNNAYRFEE | - &
% EERERRSENEEEE (Fully
To3EURIE SRR 4 =]
B AR H YRR AME (S5 (b)) -
Faster-RCNNJIBE 3 — 2 G T RCNNAY
Selective Searchifi 5k - HIF 2 HU b I 7
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Connected Layer) 7

ZRtEE

B - BEHRCNNFfYSelective Searchif B EAH
Lt » Faster-RCNNfiE | T Region Proposals
Network (RPN ) LUK Anchor box » LLE—
MAGRRCNNEYRLAE ([E5 (c))

(=) Eamis

AR FEHE Y FEHE 7% FsDeepSORT
(Wojke et al., 2017) ([&El6) » HEgkMHFaster-
RCNNGETT Bl M SE U 8 S UHE - PR AIAE
P AR S T 2R T o 1 B B R R N 0 2
WA BEULE! (Matching Cascade) B3 »
1 T HARZE N BLRY H AR B e 1T LR - 1Y
MEFSEME - HRRVEG - AEFRE S
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' |
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6 Deep SORT #iZE

I8 (Kalman Filter) - WiZ8E-R 6 =85
o THI A - 2 IR Al A 1T LT -
5 AN TEHE RI 3 8 &) 2F R H 3% (Hungarian
algorithm ) jKF K B S5 Y08 J62 2 TE T 1 1y A B
EHTEHIEIHEEE TIntersection over Union
(IoU) ULHD - MESHUIBRYAHRERTE: - KIEEE
Hoim/ NToUA R ELAR{DURE P T T Hifsge - o5
] AR 0 R T 4 S » A AR mT DUAE BT H B
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B (S, L) Wb RIEEEAAE (B, N) (25K
(1)) - FETHBREHE S -

AD = \/(E; — Eo)2+(N; — Ny)? = (2)

AD AD

~ At Aframe * frameRate

= (3)

1 EELRI AL AT 2R ) 22 R AR AR A% - I
T E H AT < R P8 - B2 A RE T R
#E (=X (2)) » FFx ERFRERRE R a] 15
(= (3)) » BERBERH PE R G S Space-
Timel&E 7 LIFR » Space-Timel&E] ksl 5
RFf - AEmh Oz - RUEERE - RIERANERE
IE RS - R R - QISR B e BT
H o G HHEE - BB RET AR » ERE
ZRRE - QI RTREE B A 1E - ANTERIRR A
BT R T0 T RE T 458 A It

= MRERE

B R o Al R BRI (UAV
Video) ~ ZBIREREZHERE (Video
Stabilize & Geo-Projection) ~ 2358 T E ¥t
il (Detection) ~ HlEHE (Tracking) »
B HETEE M7 (Traffic Parameter
Extraction) 2B - G EIZH IR 2
(Traffic Parameters) o PG LR IRAZAN
[ 7 7

(—) BEHEE

1. VIR R R
TR R 2 A Hi (Vehicle)

Fife A AWFFEERHIVAID (Vehicle Aerial

Imaging from Drone) (Lin et al., 2020 ; Li &

. Video
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Detection Tracking
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Model

Ortho-image ; { Road Mask ;
Manual Control
Measurement Points

Geo-Projection

Traffic Parameter
Extraction

Traffic
Parameters
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Lin, 2020) ZRHEIE Ry B R BRI A
KHEZEJE « VAIDE FEE A 2 A
te g - AHERA SRR 2 e AT SR - 2
BERHT A S AR (DJI Mavic Pro)
FATE ~ B e KA P 4 A R 2 5 ik
RERYRE b+ 2 iR E Fe23.98 fps » ARpRE
R Fridii R 1137 x 640 pixelsfyssfg (22
MIfEATEE#I12.5 cm) » DIPEGHS X fETF -
HEGHHI14,8095R 5B o T AR RHIF ME A BE 1A
TE % b7 E A AR S S T RO B - R
RF PO Y BB 1 K R 3 R IS K~ BERGRATIRS K
FEMEEE o FA 0 B T TR AT
HREY RS —30 - REIRAT B AR R B AT 90 2
95 R« B KHE M AT A FR B3 A L EL e 4
R T8 WNRIPR - ARG R R B
ANEIE A~ RE - REFEERIHE (Pickup

I [nmus

truck) ~ AHL ~ JREETHFEHE (Cement truck)
JeAiEL (Trailer) % » HP R RZE RiG
H (Sedan) 403308 ; fxD & IREE LA
Hi (Cement truck) 1918 o L _Aritt.2 VAID
Eh i T B A e TR E T - H
B ofe} £ B T ok =X B AN B S i B P EE A S ]
KL VAIDERHEEIE B S 7E Rl R R R 2
L

2. ER A EETRENGE Fr

EH A S5 IR LADIL Phantom 4 RTK
EAMGEITEORICER - 28I R/ 1V R 3840 x
2160 pixels * HUBEAER LI FP30M5 (30 fps)
ZORHEEH #14%2022/03/09 » B R Ry AL
HARRELRR 191 R G REi% 1 BT L BHE TR -
FEERERER230AR - B—gERRE

F1 VAID EREEHHERI ( Lin et al., 2020)

VAID %48 %] # & 43+

7 trailer W 804
6 cement truck | 191
5bus JI 580
4 pickup [ 3011
3truck [ 3187
2 minibus | 501
1 sedan

& 5548 %)

40330
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10000 15000 20000 25000 30000 35000 40000 45000
LE:& A(E))

B EEE
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1. Sedan

2. Minibus 3. Truck

4. Pickup truck 5. Bus

6. Cement truck 7. Trailer
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$i# ) 43 FE R E A AR F R A B LA [E T
HELTE B EAE  BERuE 5100 ~ 805260 m
FiEEE o 23RS R A0L ~ A02 ~ A3
BO1 » B02 ~ B03 ~ CO1 ~ C02 ~ CO3 » DOI »
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100 ~ 8060 m) -
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FEA AR Tt 52 f5 P B0 i A Bt 3 2 £ P RE
ERFIIBRERHEE R EIRE M - A T8k
Fo il R R B Ty LR B o A RAEEE
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Oiltruck » F2F BB RIRERE » 3 g
RERZ & -

(Z) ERREETELEE
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&3 CECI gl E s EMmatx
Category 1 2 3 4 5 6 7 8 Total
VAID 40330 501 3187 3011 580 191 804 0 48604
Augment 9381 92 596 719 119 19 368 43 11337
Total 49711 593 3783 3730 699 210 1172 43 59941
A0l (iﬁ.—noo m) féﬁﬁgiﬂﬁéfﬁﬁu BB F RS EA LR
L |l'!l—.I
A03 (ﬁnm60m) f;%ﬁb*%ﬂiftlf’ff!iﬁu Ea%ﬁﬁ%%mftlﬁiﬂi{ﬁ
B 10 RAEGBEEERR
A EAM R RO GREERT  GQIRCEAE B - KRR A
HHENERER S - HYER LM A5 Ry REYE » SEETT 22 AL ER © 1828

S EARE LR o Al ERE B 25
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o [nnas

AO01 (/55100 m) A02 (=580 m) A03 (fifi560 m)

1" RSB ECEERR

(a) BEATRNER B (b) FELT IS B FHUH (c) JAFBHK

12 ZEEEMEHERIRRES

PrzEAstE (E, N) 78 - FEIVFDIAfASEET 220 40 i~ B S TS B2
LEHRB e EEBERE > BoRBE SR B R E R RA R - a0E 12 > Bk
HEE L R (AR TR ) - AOTERHEEFTIE A BEREORL - et R BO1
P S A B )+ NI HL AT DU i /N BOK

2 YRR 22 M RY FHIE TR -
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(=) ZBIEYMHEER

Ry B IAIRREE A - DU T+ 6 B T8 RS
o RIEBTIEKVAIDERHE K A T#1E
CECI0309% B SRS - DIFI$E Tt Faster-
RCNNZAIHREE - H o fE U8 0% 1Y
ZRME R (Train) BRHEE » HER20%
AR M3 (Test) BRI - HEZEARN
BILREES - Al Y FsMixed_trainE RHEE

(605954 ) MMixed test&FRHEE (1514
w ) o AEk4 - [EINFE TR By
L AE%EH : Sedan ~ Minibus ~ Truck ~ Pickup
track » Bus > Cement truck » Trailer (&
Oiltruck) - MMixed train&ERHEFRHS
Train Jz Validation ©

1. VR - Mixed_trainE FHE

AW 52 & BE IR IR EOR R AR A B A
T o MU A VAID )X CECI0309 A TAmE k&
BHE » DU TH R EaE T - SSAE 8 BB AY
Minibus? 3 ASedan » % {8l PR R Y
Minibusifi FFE— BR L0 FEEER - Baag oA
R HIE AP (Average Precision) (34)
AREFAL LAY o

AP = lirecall(ie{o,o.1,0.2,..‘,1}) Max(precision()) (X4)
FEEEAGH R SR Y total loss )
validation loss » #1%%loss function Y THI
Pkl HARSE - SR FHAPHEI TR R B8
fat (R5) - BIEERE SRR ZAP » AKRif

x4 FEMREGIREMSERNHE
Category Sedan Minibus Truck Pickup truck Bus Cement truck Trailer
Instances 31553 364 2406 2430 431 128 722
Total 38034

Category Sedan Minibus Truck Pickup truck Bus Cement truck Trailer
Instances 8172 109 616 636 119 40 162
Total 9856

x5 HANHEBREERZ&E AP

Category Sedan Minibus Truck

Pickup truck Bus Cement truck Trailer

AP 72.133 72.257 65.675

59.643 77.340 63.589 74.547
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x6 HEANHBRZIER 2&AE AP

Evaluation result for bbox

AP AP50 AP75

APs APm APl

69.312 93.785 87.480

47.667 71.393 58.804

Wﬁéﬁﬁ*‘W—\VAIDEﬁiLabenmgAIff%EﬁEE_j
FIREAY » AIAEAP50 (ToU 0.5) FFiE93.785%
(£6) o

1. B EREE AT © Mixed_test&FHEE

BT EEEE AT ER - Mixed_test&ERHEE -
LI FME Ry B TTHYObject Detectionid
B RS R A M = A SR B AR R A -
Precision (=(5) » Recall (#6) » F1-Score
(K7) -

Precision ( #£fifi=8 ) = TP/ ( TP+FP) (= 5)
Recall (F[E]3 ) = TP/(TP+FN) (6)

Precision * Recall .
F1 — Score = 2 * (#£7)

Precision + Recall

H » TP (True Positive) BEBEEM
"H L BREUVHERIE T L AYIEREME S FN
(False Negative) EEHHEIENM "H ., &

BIAIFIEE "% o BSEER(EE - FP (False
Positive) B EBEHN "1®A , - BAM
A TH L B RE R - E R AT
Mixed_testAYFHMAEE KA T J7EHE - 715
I F26 11 (Omission) ~ 4% Fy262 1
(Commission) ° HRecall » Precision * F1-
ScoreZr BIETEAIZKT » F1-ScorefE 8 Fy
0F1 » TM70.97 e SR mI R AU T IS 8 AH &
= o (Recal {RFAEAUGES 1EME U THMI Y 2%
HEREMEA » PrecisionfURBE R FEH Ly
BRI AR 2 DR ZHE /R E » MFI-
Score AIIAFRE A AYHERE R )

YIS i A R R T, - A
] [E]HRE JFE F A AR ZE 5 A B R 15 B SR 2
VAIDERHE - R FE Rl S R ] 13

®7 BUBESENEZREERR

AE 2HH
FEHR FEAR
(Positive ) (Negative )
“al BB Precision = 0.97
TR & i TP = 9564 FP = 262 Recall = 0.97
(Positive ) _
&8 8] F1 - Score = 0.97
TAB A2 FN = 261
(Negative )
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(M) BwmEH

T e s G Y B B E M - T
JEN R TR - FL AT R 2 S e
1TiBHE - AWFCE B Faster-RCNNET
VI - RE R RS R B - B2
¥ DeepSORTTEEAR % B o LU B HE 28 & 3y
0 WA R B ARYAS BB — R - A 142
KB - BEER FE &R E— YRS TR
Mm% Sedan-8 °
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(&) HIEEREAN

R 7 I HERIHLBI Jz BE - 3B BERY R
HEAT AR - AR (S, L) ZE[HE
BV ZERAEE (B, N) BB A T EHIEE
G 255 by PRI B S R AN - MG 13
el i 5P 2 15 1 2 22 ) {LAEE AN JT A Y RMSE
(Root-Mean-Square Error) #J/7NfR0.1 m >
AT S HE AL K -



SgdenHio  seden—3
a £ — =% ——

en—

] _§gden—15,

;s.sden—ﬂi

eqen—o &1l
— I
-

—_seden=lb=cs
Ly

B 14 miEmEEETILSE

K8 ZERMLBEAHR

Video D e
AO01 60 100 10 0.049 0.042
A02 60 80 9 0.028 0.040
A03 60 60 9 0.045 0.049
BO1 30 100 8 0.058 0.048
B02 60 80 9 0.051 0.030
B03_60 60 8 0.048 0.017
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