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This research proposes a novel approach to tackle the challenge of categorizing unstructured customer complaints in the automo-
tive industry. The goal is to identify potential vehicle defects based on the findings of our algorithm, which can assist automakers
in mitigating significant losses and reputational damage caused by mass claims. To achieve this goal, our model uses the Word2Vec
method to analyze large volumes of unstructured customer complaint data from the National Highway Traffic Safety Administration
(NHTSA). By developing a score dictionary for eight pre-selected criteria, our algorithm can efficiently categorize complaints
and detect potential vehicle defects. By calculating the score of each complaint, our algorithm can identify patterns and correlations
that can indicate potential defects in the vehicle. One of the key benefits of this approach is its ability to handle a large volume
of unstructured data, which can be challenging for traditional methods. By using machine learning techniques, we can extract
meaningful insights from customer complaints, which can help automakers prioritize and address potential defects before they
become widespread issues. In conclusion, this research provides a promising approach to categorize unstructured customer complaints
in the automotive industry and identify potential vehicle defects. By leveraging the power of machine learning, we can help
automakers improve the quality of their products and enhance customer satisfaction. Further studies can build upon this approach
to explore other potential applications and expand its scope to other industries.
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S 7bssiA g v e o2 AwsA 2 AAE D Wl ARsAk HEHABERA) s 2008 tE A H
e GAE A Eo o ngon 99o] pssta W Al 2931 o the] 70% 0l ZEte o d A
AZE B wE W S AAste 54 FAl] digh thzebd 2023 = 3008 HE HE Ao HAE
AAE EAE 7Hs sttt olef} Z2 &Zo] wA T Asak Azt 7191
B oAfo s "daEvnfoly VHE VWtoz A she Aom frle ddstal vk AbsAbe] A sl
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2E Aol 2ula AS G NS S8 f8sm o EASe] Boldrie AL dvidth Fo 22 Hee o
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2 wzo] 7hsE| 4 Atk AFES] APLA A2 Atk 714 A3 H5 5
olZ ¢Jate] 1597t nF ERGHuUETY 52E & WO AXEO] O FE TR AU o]E WAoo
{Table 1> Status of 2016~2022 Domestic Car Recall
Year Domestic car Foreign car Total
Model Number Model Number Model Number
173million 3 1million 204million
2022 73 1654 822 1477 895 3131
175million 117million 293million
2021 71 7310 2082 5510 2153 1820
174million 69million 244million
2020 146 8506 1041 68344 1187 5440
153million 63million 216million
2019 110 2783 1073 4751 1183 7534
209million 72million 282million
2018 67 9333 1182 868 1249 201
199million 42million 241million
2017 88 44 822 3002 910 3446
43million 24million 67million
2016 >8 1254 269 3729 627 4983
1129million 420million 1549million
total 613 1354 7591 6201 8204 7555
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NHTSA(National Highway Traffic Safety Administration,
H5 EEQPAWES)E 19700 ARE wEkd A F3
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wES] ABA SYE P FE AR AGHIE AN
Bk, 293 e Aol 92§ s vlF ) 4
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NHTSA Datasots and APIs

Complaints
Metadat ®
AL @

driving parking lot power steering suddenly lost message appeared screen saying service
power_steering drive care esc message light appeared able steer turn truck tried multiple times
minutes message cleared light day later today- thing happened parking lot dangerous
appointment dealer looking problem appears multiple recalls models sierra though see many
complaints problem sierra safe needs looked

shudder occurs driving mph shudder feel control especially wet snow driving conditions dealer
technicians inspected multiple times fix began first miles brand new purchase

making right hand turns intermittent start lock let throttle would release happened couple times
trying get dealer look last time making right hand turn wheel made hard right hand turn stop
hard hold wheel happened fast anything almost crashed shoulder road electric system colorado
extremely dangerous never anything like happen vechiles owned many different brands

<Figure 1> NHTSA ODI VOQ Data.
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<Figure 2> Potential Vehicle Defect Classification Model
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<Table 3> Potential Defect Type Classification and Defect
Type Keywords by Expert Group

Classifying potential defect
types in expert groups

Fault Type Keyword

power steering problem

power_steering

warning light display

warning_light

- - vibration appears vibration
Target word Representative word processing - -
X X noise appears noise
power steering power_steering
: : lock appears lock
powersteering power steering
warning light warning_light stiff’ appears stiff
warninglight warning_light loose appears loose
abnormally abnormal Alignment problem alignment
activated activate
. . o -1 -
activates activate 719 == 0] 2020 195 20224 6€7FA] ddjxF £
Sl =% =] =l =
g2 570 Ak Al AEjoj]] FEel tiek & 124
B = = le) ==
el A Bt AES AR Ade] A ¢ T
O o = o ) A
3.2 HIo[5 AW Trofm gk 8 H«l A A e ol 1 ¥ Ux
3 [e) = =]
oF AT 49 AN <Table 353 Lol HHoI
- B = =
Word2Veco| Al AF&-8t= AFE d(Distributed Repre- o] 71YEE 7|FO0 2 NHTSA| ~Eojyg Agor =
[e) = — =] =
sentation)= ANA o2 A2 A7]9] MHZ W& 8 29 AA 529937 24 L9t d2E dHo|EH S Word2Vec
=] o] I 5l 2~ © o) el = =
OP o] 7he] BAE T F Utk Word2Vee wo] o2 858 AASIY 1 1 A3E nfgo g F 879 FH
= o =) 2~ == S Ke) o o [e) o
FAEES Wt Weatata ohsl Bkl e AT 53 N9SEE SR} B 49 10079 B
S 23 B L= Sl =90 3l F] 2 === 2= =] : o
Si‘_o}c’% HlS2g o] Sgsths dolEs SFdtal olE FESt] Hg APAS AASIT <Figure 3> 1
1.9 1=} =] TS H =
co] empd, M2 vehllo] ofg Aol &itetel 18 Aol AdFE vEhia itk
[power_steering score |vibration score |lock score alignment score [noise score  stiff score |warning_light
[power_steering 1.00 |vibration 1.00 |lock 1.00 alignment 1.00 |noise 1.00 stiff 1.00 |warning_light
[power 0.84 |rattle 1.79 |unlock 1.03 align 1.58 |sound 1.32 tight 1.50 |indicator
pwer 0.73 |wobble 1.77 |froze 0.98 balance 1.49 |loud 1.08 hard 1.31 |light
leps 0.69 |knocking 1.69 |move 0.86 tires 1.39 |rattle 1.02 difficult 1.25 |symbol
brief 0.69 |looseness 1.66 |automatically 0.85 rotate 1.37 |squeal 1.02 firm 1.24 [remain
electric 0.68 |clunk 1.65 |engage 0.81 tire 1.23 |knock 1.01 unresponsive 1.17 |warning
lassist 0.68 |bumping 1.62 |shut 0.80 struts 1.21 |knocking 1.00 inoperable 1.16 |lamp
intermittent 0.68 |vibrate 1.61 |manually 0.80 shock 1.19 |grind 1.00 uncontrollable 1.13 |message
suddenly 0.65 |thump 161 |disengage 0.76 resurfaced 1.18 |bang 0.99 sluggish 1.12 |panel
steer 0.64 |rough 1.60 |stationary 0.75 worn 1.17 |squeak 0.97 impossible 1.10 |dashboard
sudden 0.63 Inaticeable 1.59 Irelease 074 axle 1.16 Iclick 0.97 increasinalv 1.09 linstrument
pulled 0.44 |clanging 1.17 |middle 0.56 routine 0.84 |turns 0.60 stick 0.74 |functioned
flickering 0.43 |funny 1.17 |wiggle 0.55 installed 0.84 |noticeable 0.60 noticeable 0.74 |dinged
chimed 0.43 |grabs 1.16 |everytime 0.55 pitman 0.84 |shutter 0.59 notchy 0.74 |chime
flash 0.43 |hear 1.16 |starts 0.55 caliper 0.83 |thunk 0.58 starts 0.73 |console
lit 0.43 |moves 1.15 |neutral 0.55 maintenance 0.83 |bucking 0.58 slightest 0.73 |shutting
fturns 0.43 |klunking 1.15 |disconnection 0.55 calipers 0.83 |shakes 0.58 mph 0.73 |operate
lcaution 0.43 |snapping 1.15 |unusable 0.55 test 0.83 |intermediate 0.57 risky 0.73 [randomly
panel 0.43 |shimmying 1.15 |stiffen 0.55 bushing 0.82 |crunching 0.57 controllable 0.73 |audible
reboot 0.43 |roaring 1.14 |esc 0.55 supposedly 0.82 |snap 0.57 sharp 0.73 |decelerated
reengage 0.43 |shimmies 1.13 |disable 0.55 iss 0.82 |either 0.56 stationary 0.73 |trak
difficult 0.43 |tapping 1.13 [tight 0.55 deflated 0.82 |burning 0.56 maneuvering 0.73 |illumination
awhile 043 lwanders 112 Ishake 055 hodv 082 lelunky 055 noint 072 linstruments

<Figure 3> Word Score Dictionary by Defect Type
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ArgMax (S, . S;

Calculate
Fault Type Keyword|
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Automotive
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Individual Data

8)

+ power_steering
+ warning light
+ vibration

The engine does not restart on

its own after the auto start-

stop shuts it off at a stop sign

or stoplight. This happens so . noise

frequently that | am forced to

turn off the functionality every 8 @ 8 : 1°_Ck

time | start the car for fear that ooe  warrine lisht + stiff

it won’t start again at the stop + loose

light. Defect Type + alignment
Keyword Word Score Dictionary

e o

power_steering  lock

<Figure 4> Process for Classifying Potential Defect Types
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<Table 4> Confusion Matrix
Predict
Positive Negative
Positive TP FN
Actual
Negative FP ™N

HHH | False Pos1t1ve(FP)9]r False Negative(FN)«= =7 #
27wl 2R daRFe BR} AR 2 A
$-= False P0s1t1ve(FP)91r False Negative(FN)© Z}Z} 7

7 A e 8 12 8 11 279 fAksth

Xqi‘r_‘E(accuracy), A % (precision), 3] (recall) =
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TP+ TN+ FP+ FN

accuracy =

AAEE FHOR AT 2 FoIA A P v&
olm WA Ao AU TPE TP FPY o7 1}
o] Aiter}

precision = _rr 3)
~ TP+FP

3l E2 A Aoy, WA A AE FolA
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h=2 precision+recall ()
uEbA 2 el AljkeE A A 79 B <AL
g5 A7) 4hxe) AR Hrha.
4. 4 1
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<Table 5> Potential Fault Classification Results

Algorithm classification
Potential Defect Type o o ) ) ) specimen| Recall
power_ warning_light| vibration| noise lock stiff loose [alignment
steering
power_ 28 8 3 39 72%
steering
warning_light 1 4 2 7 57%
vibration 5 1 4 10 50%
Classification noise 2 4 6 4 16 38%
of experts
lock 2 2 6 5 15 40%
stiff 2 2 1 6 1 12 50%
loose 1 4 1 1 7 14%
alignment 1 2 2 3 1 9 18 50%
specimen 34 20 9 9 15 20 2 15 124 -
Presision 82% 20% 56% 67% 40% 30% 50% 60% - 52%
<Table 6> Confusion Matrix TP.FN.FP.TN <Table 7> Model Development Performance Assessment
Results
Defect Type TP FN FP TN
power steering 2% 1 6 79 Defect Type |Specimen|Accuracy |Precision| Recall F1
. power_steering 39 86% 82% 72% 7%
warning_light 4 3 16 101
warning_light 7 85% 20% 57% 30%
ibrati 5 5 4 110
vibration vibration 10 93% 56% 50% | 53%
noise 6 10 3 105 noise 16 90% 67% 38% | 48%
lock 6 9 9 100 lock 15 85% 40% 40% 40%
stiff 6 6 14 98 stiff 12 84% 30% 50% 38%
loose 1 6 1 116 loose 7 94% 50% 14% 22%
alignment 9 9 6 100 alignment 18 88% 60% 50% 55%
total 124 88% 52% 52% 52%
total 65 59 59 809
) I A3 £ AR (accuracy)L 88% o 183 g™
Lo o] ghow FE AHi(accuracy)®t BUE  w(precision), 84S (recall), F1-& 52% 4302 AAE S
(precision), &]=&(recall), F1 2] A5 A= <Figure ¢}, 23] aqng= %%7]7} 78 A3 90| AR}
o] AA . = o=
5> <Table 7> o] A=A Aol BHE AT #93 ol= E AAGEAE U
i AR YR SHel N 1w sl sE ol Ba 2
3 08 o] AL 0 22Z 0O noo RE XMl-o =
maccuracy precizion nrecall sF] = _"T °'_/] o 82% TR _E'/] i el the
100% A% FYol vistel 4 S5l
ana. 4 - -
il a3 A5, defolE T4 g 39 A9l
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