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ABSTRACT

Urban traffic information is collected by various systems such as VDS, DSRC, and radar.
Recently, with the development of deep learning technology, smart intersection systems are
expanding, are more widely distributed, and it is possible to collect a variety of information such
as traffic volume, and vehicle type and speed. However, as a result of reviewing related literature,
the performance evaluation criteria so far are rbs-based evaluation systems that do not consider the
deep learning area, and only consider the percent error of ’reference value-measured value’.
Therefore, a new performance evaluation method is needed. Therefore, in this study, individual error,
interval error, and overall error are calculated by using a formula that considers deep learning
performance indicators such as precision and recall based on data ratio and weight. As a result, error
rates for measurement value 1 were 3.99 and 3.54, and rates for measurement value 2 were 5.34
and 5.07.

Key words : Deep learning, Traffic image analysis, Performance index, Error rate
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< ER3ske AAolth RBSE ¢k&ol o3 E/Z, ‘oz 27 g3 494E A3t

H Ruledl] e} 543 HolEHE AAste WAIA Z2a 7|Rkel AR Held $agE

o] old ‘=¥ Z4F S HAZ g Computer Vision(CV) ¥ 22 ZA|(Object Detection), 2 (Object

Tracking), F(Action Classification)S 7] 0.2 A9} oS T3 A5 YA}

AF7NA AeR7te Hed 99S 18sHA @2 RBS 719 &9 E V2S5 0 HAE 23
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(Recall)S 12& A5H 7 Weto] BAdhs IRlstdth A2 45 ol &3 usAdR 4537 #d AH
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Y% sgom, 37 U 1Y L Fh AFE §U BFo| FeFHES Ak Aol AafHES Sk
WEA MO AHE FEE 58, M2 BB, olF 4502 TGO F P PI2E A7, 437, &
o] BF /bsd A22 Aolatgith 44 99 A A AgE o) A 0% L FHo] =AY
Qgsrel 9% Acke] WASA GES Stk BAE A AAAY UlFE T AxAF 5 1E
2000 o4& 71FOR S AFe WeH A A WAZ 712G ANE S8 1 AL 1628
B40] b5 IS 4 Z2I9S B §9 FHOE 45 TR, F WAZ Hol 942 5
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1. = 8ot 712

WEF I AA #E T B 7S AsA EEuE 2o ITS A% 7t 7180l HAIEH o,
VDS (Vehicle detection system)3} SIS (Smart intersection system)ol|] &J3tH W& ¥, &= AH4&, AF 72 5
of st ‘BAAIZE FU T1EF - BN TS Y AHl S350 ol thete] VDS MAPE, SIS= ¢
APES} PE H714]8 o] &3] 2388 AAlele Aoz AT HyPHAA 7102 e A7t 1Y
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<Table 1> Domestic Evaluation Criteria

VDS (Vehicle detection system) SIS (Smart intersection system)

Traffic volume per lane :

lY—-XI
APE(%) = ———x100
Y : Analysis time actual value(Y>0)
i LY, =X, | X : Analysis time forecast value
Evaluati %) = 71: ! . . L.
s\;anljlaizn MAPE (%) n 100 Vehicle type classification by direction per lane :
Y : Analysis time actual value PE(%) = §><100
X : Analysis time forecast value Y

Y : Analysis time actual value(Y>0)

X : The number of vehicles for which the evaluation target
equipment misclassified or misclassified (including
undetected) vehicle types during the analysis time

Evaluation list Traffic volume, speed and occupancy Traffic volume, type of vehicle, queue
o If it is difficult to evaluate in all directions, evaluation
in some directions
* 1 lane per direction * Performed over 10 cycles
. * At least 200 passing vehicles * A total of 200 or more vehicles for each evaluation period
Evaluation

* Evaluation is completed if it is performed for more | (daytime, nighttime)

Methods than 30 minutes and the total number of passing vehicles | * When evaluating the vehicle type classification accuracy
is 500 or more by direction per lane, the minimum number of vehicles
subject to evaluation per lane is 20 or more by vehicle
type
Rating best class : >95%, senior class : 95>, >=90%, middle class : 90>, >80%, lower middle class : 80%>

2. VDS 8s8J} o7
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TE 71% L°ﬂ & 2pol = H7HE 3k thKwon, 2004). ITS “&Hl- Al 2"l F587F 9 2278 AA 4
D HFEIA M2 F3 A oS F7IAM FAEE TR, FE A B

T “100(%) - B A ii}‘iﬂl‘%"”i AH8-8F 3 BH(Kict, 2006).
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= 2 FAERFEFTO Hrt g A EFEEFEE A& 2383 BAV|Fd ue 58 e
MAPES H#3te] HZF 100-MPAE%S 4H&, AFFE 95%5 71522 H7PIH-S A0+ thLee, 2012).
e e A B4 ATA A7) A=A 3] 7

g 71 AAVIZ st FAAA7 O tid Frpgeks AlA
st or, gL 15 FY £52 26047 S Ak5] s A=Y 158 FFuFHFE A7) HA
719} vlwste] iR ¢ AR FFAUAS} FAGES B AT T A5HIAEE
& AE F HAFEE FA T & Y= MAPEE AA3ste] AFE 42383819 tHOh, 2021).

UAVE 83 AR aed £418 A3 989 719 A&olA AARRE aed 48 9l UAV
(Unmanned aerial vehicle) 5 %4 &-83F H2l'd(Deep learning) 7]1HHe] AFEA7|H S A bs)5 0.1, 24|
22 d3ugE F9 sl YOLOVIE ol &sted A& AAle] et HE2 9021%9 2345 4o
Confusion matrix& ©]-§to] A 2ol theh 2 H& = H7HAF 95.15%2] B =9t 85.79%2] Ad&<
2+HE31 ThPark, 2020). A5H7He] Al B E UF 308 FHE UE 308 7, 48 308 FHEH 4F 30
i Mo g Aojste] wEH AGEE hEon, WUt Ve AA 1S AR 5 SHEGS
7N1EoR FIHAEE wEF A E=100%-F ) LAYLEMAPE)2 H7HeTL ITS AeH 7t 71+
A EFste] 28359 tHKim et al, 2018). =2 CCTV FA7t o)% 2 AZE 23] AES YA
Redmon®] YOLO v3& #-&3to] F47 AARS ol &ste] EAS FE31, 309 AR ¢ =AY &
AL Fsto] st 22 oA YEhuE o] 7HA] 2719 A FU2E AR AASt W2,
Y, T8AZ TRt Tg5S APsiGon, 22325 2000 o]/t HolHE #A3ste 71E Al=FolA
AT F gle 1% 4E, Vg do| 5 tYds 1% DB AEE FH3H o, W7o 2= MAPES
AHg3te] JEEE 4SS thPark, 2020). HIA Al~ELE o] 83l FHWAS] AlA o] whe} B} v Ak 25
ERE T F A= v A 2"S gk Aok A2l A Q148 Localization and classification®] 5
AR BRJoen, Z+ vlfe Zg o sl Class-independent regione A|Usty AYASI  Deep
convolutional neural networksE AHE-3td A|QtE 2+ Gl gt EAS FE31H 21, FHWAA 8738t
57 AAQ 137) S 2edA 712 37 BE a5 BR77F 7Hsstd Al2"E Tl 559 Al tis) B
7} 7Vt R siqith A v A 2E"lE 77HA T Akl el 82%~100%2) it 78 S (Precision)
9} 89%~99%2] Hit AL (Recall)S ST =E3t JTHYaw, 2017).
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ot
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<Table 2> Performance evaluations : average precision and recall rates of system

Class Total Images TP FP FN Precision(%) Recall(%)
Class 1 18 16 0 2 1.00 0.89
Class 2 8542 7250 410 885 0.95 0.89
Class 3 1348 1007 223 118 0.82 0.90
Class 4 109 106 0 3 1.00 0.97
Class 5 567 528 22 17 0.96 0.97
Class 6 3976 3600 323 53 0.92 0.99
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Q1 FA]5(Al, Artificial Intelligence)2FH-2 Thsh Eofoll A &85 At} 7|89} AR AL 2017d
e uid tlol8 FHEAGES B3l AFA T A tlo|HE Wzt Mgt o, F4 #HH Jlol=
g}l g st JholEgiel e Holy AAS ou]) A TE A oE AHosta o, 9n
Ao HeH/IAEZE A3 = (Accuracy), A =(Precision), ] & &(Recall), F1 Score, ROC AUC 5 t}eF3h
HAAEE AL At v Aot dio|eE st AA Fatd A =ES tﬂolﬂ«] ojm A
¢ A Bals 2o ®, Held dueE A5S &9te vl 83 40|tk <Table 3> 27

3o
o=
B3 ASARD MG Fsd AL AU AT AR FFo) tet A§ FsF ALE HeF Solh

ot

<Table 3> Accuracy and Validity Performance Indicators

— Object Assessment Methods

Video Image Quantitative evaluation
10U 6] (6] v
Semantic precision Precision 0 0 v
Recall (0} (¢} VA
Classification performance 0 0 N
Effectiveness Detection performance (0} (¢} N4
Recognition performance 0 0 VA

WEF AA #HAE 71E AT7AHE THNEA vDS 7§t dEd 7Wte® &8 4 ok WA VDS
kg #H AFES FE A AHY SAFH 71w Aol IAAE HAE eAES Fake W<
PE, APE, MAPE 5< ©]83 A& & < Asien, A2 /W49 SIS 3771+% PESH APEdl| 23 4}
€& 7|1F0 2 3l ok HHY 7 o3hE T =82 EFAY 2349 Ui AU} AEES F
2 A8t AEEE AEsH o, MAPES Welsh WIHEHE SlTh VDS9E BEA AF B/l
of theFgt AFol tisl FUAE Uy 429 Al g8 AE=E 4EsE st 2y 7] 2
< 1ES Ay g 7HA] ZAMo] BT AR FotE ity WA, S QAE VEORE st AT, A
Ay= A Zkoll thsl Underestimates or Overestimates 1% 3}2}3}7] S1= whgo] lom, do|E| ) th3Egt
O &2 ARgEE7|o o) A7t 23 A-eu HlolE gko]l EAEHA| v A H 8ol FAAZ ZoE FAH
Atk ol o]FE HlE Mol ofu] e Fe HL37] Al T HIF 7IEAAE 100(%) — A&

(PE)°] 25 ASE H/HERE 02 giithrgs 21E 51 ok =3, EFAIE A% B
U A G (Threshold) 2] 7]
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<Table 4> Problems with existing evaluation formulas

Passenger car Bus Truck Motorcycle Sum Accuracy Formula
Actual value 252 3 57 2 314
Forecast value 253 5 55 1 314
Target Car type 1, 99.99% 2, 60% 2-0%’ -1-0%’ 60% PE
Traffic volume 100% APE
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17 8k, AalE AT Tt o) A E wiAlG Ho R FalE H, 73 AT vlES e ¥ F
ol gk A5 A A, A4 2ol el AEAE 1eekA @2 A, RHESA ] o3 eaks st
T2 AP @2 A Tol At HE WS ol 83 AT BF 2AE Aol o] ERAYE AsAEY
EAE adste] vlgol g JteAE AEe A PEALE o] &3 73 oA AsAEE oA v
ZA o3t o WstE WFd A4S et A FrhE S et gk

AFAE NE A7 8L O AR 728 5 It A HAe AEFF QAR 71253 ol
He @43 2 359 A& &3l 2R =, 5l B7} 7]ElA AA =& Qlzete} 7nielze} o+
A ZE53 B9 SR EE 3% HolHE St AF02 58§, WX, slkE, o|F 4T 2 FRI}
o 7|EaE Aste Aotk T HAE d3H SRS vk AR kg FUHARE £835t9 A
W S (precision), A H & (recall), IoU #FS TE3IL ¥HEZSAHS 53 A3} 2A85 38l @Aloln.

Al A= 71 B SR FAEY 2 A ASete SAR AT ZI2ARRA 9] 7RV EA

Bekshs otk ¥l WAL Bk 712 2 BE 1S B AV BARS 28] 98 EREAY
CHFE AL P AGSE WA 03 AN S AL QRS MBS A YA Azt
AR 45 Y AR ATHE BACIT, A PHAAR AL oAEd T2 534
FEHD YSATE N oA T 71Z5e] ABE o] FsHEE FgBsHE B0l
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LA AA A 2D AR 9 B8 A 9Relow BrYe] £AHA Holof sn, HRR
A3, #3)4, S8, f8o] BF hsaof Btk Aplet 43X ol B2 AANL FOE AAR F
3} ahape] fekapol Jbsslol Btk ARSHE A7)E FAA A4 57) mARelr, F5Fas BY v
39 @AZ YUz A4 99 44 A FUA Aee] gl AHo2 MY <Fig. 153} <Fig 25 9
g9l A 4E L AN FA/5e SR A8 CCIV 9% A4 99 W 4T B 9
ROIRegion of interes)® LM Zolt), #4 gole 44 712 A A2 daolw, YorEs) A% 77
2 WAe TP AF AA F 4T oME B AR BAM ENE JF0E sk A3} 53

A AE AR A FFe TESH] A wAR SEA AA F9e gdst] ARE s
ROI 274 A Y3 A& e FRHOH, A2 4 548 wdsh] 98 2 A2 wsFs T3
& UEF AT AT RS IHHIPIES £835t $48, Bl g, olgxtE FEseH, 1

T F3dUE SWHIPIE Ha 24170 2000 oS SRy AR FE 242 71+ A
of o3k WHo] obd A WS Agste] diE I4E Zdd d9E 24 A stk A3 Az
Ank, b2 o] F3 5 nASH FHL2 A9 Aesiaith

<Fig. 1> Regen of interest <Fig. 2> Setting lanes and lane boundaries

2. R2EN

FHARE B4 doly gy AFgs B4 NS RENS st on, F3dolH N=314, EFHAE=
0.78% UElsth A4 AR = AEE AHEste A8t on, dlx BA%L 165 HE TAFL
0.84c1H, o} Hrol A3t ALk A 0 EFet
o} AR B A4 A48 ZAe B8 7Pt & AF 24
gz} HZgho] [2~2] Alelol EAsle A4S AqEEE mErPely B3 dTHSnedecor and Cochran,
1980). =3+ == HUlg 3 29514 &1, AT HYg 8EE 108 23R Yo AFEEZ B 4

1 tHKline, 2015).
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<Table 5> Data analysis result

Statistic
A 138 * [Skewness 95% Confidence interval] = Skewness = 1.96 x Skewness’s Standard deviation
verage : =1.646 + 196 x 0.138 = -0.04 ~ 0.49
Variance 0.606 ¥ Calculation result includes ‘0°, the normal distribution

[Kurtosis 95% Confidence interval] = Kurtosis + 1.96 x Kurtosis’s Standard deviation
=0.838 £ 1.96 x 0274 = -0.31 ~ 0.76
% Calculation result includes ‘0’, the normal distribution

Standard deviation 0.778
Skewness 1.646
Kurtosis 0.838

<Table 6> 7|3t} SA ] WI=iA] Ao} tlojg AE BAAARE MRS 5 Yol A%

H THIE 58§ 25300(80.6%), M2 5TH(1.6%), 3+H& 55tH(17.5%), ©l& 1HH03%)=E 582 Hl&o] FthA
o & g A YEbTh AFE BAdA WH d#4d AlE E(nternal consistency reliability) Cronbach‘s
alphat= if Alpha > 0.707= v]-¢- £ AFEE HHh

=
21

<Table 6> Frequency analysis result and Cronbach's alpha

Frequency Reliability statistic

Actual value | Forecast value 1 | Forecast value 2

Passenger car 253 80.6 252 80.3 254 80.9 Cronbach'‘s Cronbach'‘s alpha base Number of
B s 6 3 10 3 0 alpha on standardized items items
Truck 55 17.5 57 182 55 17.5
Motorcycle 1 0.3 2 0.6 2 0.6 0.707 0.704 3
Sum 314 100 314 100 314 100

Loz g3y 7t AR Fd gt AR Y IoU, Precision, Recall®] 2}Fol thak 7/fE Ao wE
BEMS st 77HE HolE A4 W vl E-L2 <Table 7~9>71A 0] M, ToUv @77t A, Precisione @3k,
Recall §- 7J’°ﬂ/ﬂ Hgo] 71 %9‘ Ao s BT Tt wE AFE BXE BH 589 A PrecsindE
9,1913“1 AF o= HlEo] AL w2e} o] 72 HlolH T3] HE o
S 13 2004 SL3 HIER L]'E]"* A2 e, Held
A

g e NEs 7%«] fle 2oz & ¢tk o)d dd=

<Table 7> IOU Score and ratio analysis by interval

Forecast value 1 Forecast value 2
1ou Passenger car | Bus | Truck | Motorcycle | Ratio | Passenger car | Bus | Truck | Motorcycle| Ratio
Score avg 0.45
v Data ratio 0.40 0.40
® Score avg 0.55 0.57 | 0.56 0.54 0.53
Data ratio 3.97 33.33 | 10.53 47.83 3.15 9.09 12.24
Score avg 0.66 0.65 | 0.64 0.69 0.66 0.68 | 0.66 0.67
9 Data ratio 12.70 66.67 | 10.53 50 139.90 10.63 3333 | 20 50 113.96
@ | Score avg 0.75 0.76 0.76 0.72 | 0.76 0.71
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ol YAEA AR HSEHIL MFA T
Forecast value 1 Forecast value 2
100 Passenger car | Bus | Truck | Motorcycle | Ratio | Passenger car | Bus | Truck | Motorcycle | Ratio
Data ratio 20.24 21.05 4129 16.93 3333 | 23.64 50 123.90
6 Score avg 0.85 0.86 0.85 085 | 0.84
Data ratio 30.56 28.07 58.63 24.02 3333 | 16.36 73.71
® Score avg 0.92 0.93 0.93 0.92
Data ratio 14.68 15.79 30.47 13.78 1091 24.69
@ Score avg 0.99 0.99 1 1 1
Data ratio 17.46 14.04 50 81.50 31.50 20 51.50
<Table 8> Precision Score and ratio analysis by interval
. Forecast value 1 Forecast value 2
Passenger car | Bus | Truck | Motorcycle | Ratio | Passenger car | Bus | Truck | Motorcycle | Ratio
@ Score avg 0.8
Data ratio 100 100
Score avg 0.83 0.86 | 0.83 0.86 0.85
© Data ratio 13.49 100 | 26.32 139.81 21.65 3091 52.56
Score avg 0.93 0.92 091 093 0.93
© Data ratio 15.87 33.33 100 149.20 32.68 40 72.68
Score avg 1 1 0.98 099 | 0.98
@ Data ratio 70.63 40.35 110.98 45.67 100 | 29.09 174.76
<Table 9> Recall Score and ratio analysis by interval
o Forecast value 1 Forecast value 2
Passenger car | Bus | Truck | Motorcycle | Ratio | Passenger car | Bus | Truck |Motorcycle| Ratio
Score avg 027 0.50
v Data ratio 1.59 1.59 0.39 1.98
Score avg 0.55 0.57
2 Data ratio 1.59 1.59 1.18 2.77
Score avg 0.66 0.68 | 0.67 0.65 0.68
@ Data ratio 437 3333| 175 39.45 3.54 3.64 46.63
@ Score avg 0.76 075 | 0.75 0.77 0.79 | 0.76
Data ratio 1429 3333 | 877 56.39 11.42 66.67 | 5.45 139.93
6 Score avg 0.86 0.86 | 0.83 0.83 0.86 0.86 0.89
Data ratio 2421 3333| 877 100 166.31 30.31 3273 100 329.35
® Score avg 0.92 091 0.93 0.92
Data ratio 9.92 1.75 11.67 24.02 21.82 5751
@ Score avg 1 1 0.98 097 | 098
Data ratio 44.05 78.95 123 29.13 3333 | 36.36 221.83
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<Table 10> Section definition by evaluation index

Section Error IoU Precision Recall

@ ~35 ToU score<0.5 Recall score<0.5

) ~30 0.5<IoU score<0.6 0.5<Recall score<0.6
® ~25 0.6<IoU score<0.7 0.6<Recall score<0.7
@ ~20 0.7<IoU score<0.8 0.7<Precision score <0.8 0.7<Recall score<0.8
® ~15 0.8<IoU score<0.9 0.8<Precision score<0.9 0.8<Recall score<0.9
® ~10 0.9<IoU score <0.95 0.9<Precision score <0.95 0.9<Recall score <0.95
@ ~5 0.95<IoU score<1.0 0.95<Precision score<1.0 0.95<Recall score<1.0

V. 4884 2 37}

1. 715X &HH A3t
<Table 11>% Equation 29} Equation 39| 44 21& Al-83te] Al4tet A2 SA gkl i) dlolg7F &4
sk TREe ASAREE VA AdE Hoeth AREE AEtH 7 VA e @F3ke] 105.28%%

18342 7P wskow, 7P 2 73k D722 00042 YEST

<Table 11> Weight section

Forecast value 1 Forecast value 2
Passenger car Bus Truck | Motorcycle | Passenger car Bus Truck Motorcycle
IoU 0.004
@ | Precision 0.004
Recall 0.02 0.004
IoU 0.04 0.33 0.11 0.03 0.09 0.5
@ | Precision
Recall 0.02 0.01
IoU 0.14 0.67 0.11 0.50 0.13 0.33 0.24
® Precision 0.02
Recall 0.13 0.33 0.02 0.04 0.04
IoU 0.28 0.28 0.23 0.33 0.31 0.5
@ Precision 0.04 0.32 0.03 0.04
Recall 0.83 0.33 0.12 0.24 0.33 0.06
IoU 0.57 0.32 0.40 0.33 0.22
® Precision 0.33 1.00 0.30 0.46 0.53
Recall 1.23 0.33 0.19 1.00 0.85 0.33 0.62 1
ToU 0.27 0.19 0.22 0.11
® Precision 0.60 1.04 1.00 1.54 0.33 0.76
Recall 0.24 0.02 0.86 0.58
IoU 547 0.67 0.50 20.46 1.82
@ Precision 104.25 9.28 15.53 1.33 1.13 2
Recall 46.30 5.25 0.33 1.02
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<Table 12> Section error(%)

Forecast value 1 Forecast value 2
Passenger car| Bus | Truck Motor Avg Total Passenger car | Bus | Truck Motor Avg Total
cycle avg cycle avg
ToU 10.28
@D | Precision 50 32.58
Recall 37.46
ToU 7.79 568 | 7.25 11.44 12.60
@ | Precision 8.37 8.30
Recall 8.94 5.16
ToU 6.63 7.77 | 1024 | 1.19 5.98 2,61 | 627 | 4.04
® 5.39 7.13
Precision 8.89
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Forecast value 1 Forecast value 2
Passenger car| Bus | Truck I\C/;O:; g Avg ”l;c\)/tgal Passenger car | Bus | Truck I\C/;OCII(; g Avg "l;cz,tzl
Recall 4.14 2.34 4.48 8.29 24.72
IoU 5.36 3.70 4.48 11.68 | 2.77 | 11.96
@ | Precision 229 2.78 3.01 4.07 4.55 371
Recall 1.39 9.01 4.12 2.56 0.77 | 5.60
IoU 3.68 492 4.50 631 | 451
® | Precision 1.93 3.37 2.29 2.36 242 3.19 3.13
Recall 1.48 1402 | 5.10 | 422 247 3.77 | 1250
IoU 1.99 2.49 1.94 1.81
® | Precision 0.88 0.88 | 450 | 1.51 091 175 125
Recall 1.67 4.40 0.92 3.57 | 1.60
TIoU 0.66 0.93 0.25
@ | Precision 022 0.32 0.62 192 | 1.34 0.59
Recall 0.09 0.90 2.03
IoU
avg error 5.20 6.73 492 1.19 451 4.76 9.00 | 559 | 8.00 6.84
:Zd:ri:(i 11.07 337 1.98 4.50 523 2.01 192 | 395 1.97
Recall
avg error 7.88 8.46 452 | 422 6.27 3.38 217 | 754 | 12.50 6.40
Total Ve‘r’rh;‘;le e 805 618 | 381 | 330 534 338 436 | 569 | 683 5.07

<Table 13> Comparison of the error rate between the PE and development formula

Forecast value 1 Forecast value 2
P P Total
assenger Bus Truck | Motorcycle assenger Bus Truck | Motorcycle
car car
1oU PE 572 6.07 4.63 0.71 473 6.14 5.37 7.77
o
W(SO) 5.20 6.73 4.92 1.19 476 9 5.59 8
Precisio | PE 1.41 222 1.82 2.11 1.42 0.33 1.61 0
n W(SO) 11.07 3.37 1.98 4.5 2.01 1.92 395 0
PE 5.72 4.56 375 0.71 4.73 4.63 291 7.77
Recall
W(SO) 7.88 8.46 4.52 422 3.38 2.17 7.54 12.5
PE 3.99 3.54 7.53
Avg
W(SC) 5.34 5.07 1041
PE 0.26
SE
W(SC) 0.14
PE 0.32
SD
W(SO) 0.19
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Performance evaluation quantitative table

Error

Passenger Bus Truck Motor Passenger Bus Truck Maotor
Car Forecast 1 Cycle Car Forecast 2 Cycle
—~—lUPE —— _loU Precision PE Precision  _,_pecall P —— _Recall
Formula Formula Formula

<Fig. 3> Performance evaluation quantitative table

<Table 13> PE 2ah&o ZAst 4h&gh Aol A A2 QA5 Hlwg 2102, Qa7 WAYshA]
U TS AQEHE EE FEAAM Aot S & 4 Utk AA A& 32 PE WA o 7.53, L
AL 10412 4Hg2]0] 2.88 = 5.34-5.07=0.27, PEX
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<Table 14> Performance evaluation quantitative table

Ddescriptive statistics ©
i{
N HM) Correlation Coefficient P
PE 24 3.62+2.34
0.612 -2.957 0.007%*
W(SO) 2% 5.11£3.08

#p<.05, **p<.01, ***p<001
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<Table 15> Evaluation result table

Performance indicator
Error rate(%) Forecast value 1 Forecast value 2 Stzfriird :;3?;?:; Pass
Pc B T M | Pc B T M
0~5 Superlative class v v v
6~10 Senior class v |V VAN REVAN RV
11~15 Middle class
16~20 Lower middle class Accept
21~25 Low class 0.14 0.19 (Senior
class)
26~30 Lowest class
31~ Poor class
Vehicle error 520 1673|492 119|476 | 9 |559| 8
Vehicle error avg 5.34 5.07
VI 28 2 FF A3
B ATE P 7162 0|88 AERAE A2E YR IS ART HOE, Ul AF BF
Aol g HAE A5 AHAshs 4ol obd HEd YgEH T wFHE 3 ddaset &
S)= Object Detection, Object Tracking, Action Classification T2} 435X 3E Q] 10U, recall, precision®] 22FE

a3 MEAEF B RS E3 718 WPl Tl Aol e FRE9) HES IHIHA|
ool WASHE Qs MAshe R oE BRAYE 23 APl Weighted averages &-8-3ke] /A
Hgof & 7FeA] Fojob UAIZk(Threshold)oll whet 2etAl= 7718 o4& A S + e AH4e skl
o} N A2 Bl AAIG T Skl A B 2abE Held A A ES FE oAt i 4
T den 71E W ED AYsty g 2ake AAs o] TheEe ERlskth

A7 A, FHE AFAF P Ee FIES Threshold 7]1E3k0] <05 F3bol &3k 10U OFte®
0004901, 7F =& P 7)1240] 0.95<score<1.00] &8t @DTFIHO.E 105.28F 4 FH AT X]-g
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