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RESEARCH ON THEDESING OF PALLET HANDLING AGV
FORKLFIT BASED ON VISUAL DYNAMICS THEORY:
A CASE STUDY OF HELI BRAND

ABSTRACT

As one of the important equipment in the intelligent logistics system, AGV
forklifts are occupying an increasingly important position in the logistics market.
To enhance market competitiveness, enterprises need to form a unique AGV
forklift design that distinguishes them from their competitors; From the perspective
of industrial design development, AGV forklifts developed by enterprises must
also meet user image needs. Therefore, conducting design research on the
appearance of tray handling AGV forklifts guided by visual dynamics theory is an
inevitable result of market and technological development, and also the future
trend of AGV forklift styling research and development in industrial design
direction.

This study takes the tray handling AGV forklift as the research object, and
based on the theory of visual dynamics, explores the relationship between styling
elements and visual imagery vocabulary, and designs a tray handling AGV forklift
that conforms to imagery vocabulary. Firstly, the basic concepts and modeling
methods of visual dynamics theory were summarized through literature analysis,
with a focus on exploring the influence of modeling methods such as tilt,
proportion, deformation, and wedge on modeling imagery, providing theoretical
support for subsequent research. Secondly, based on in-depth research on tray
handling AGV forklifts and analysis of their differences from traditional forklifts,
brand characteristics were summarized from user groups, usage scenarios, and the

brand culture of Heli brand, and three core visual images of "solidity, technology,

I
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and agility" were extracted. Thirdly, the correlation between styling and imagery
was analyzed, and the influencing factors between styling elements and visual
imagery were explored. Then, by disassembling and coding the components of
AGYV forklifts, combined with quantitative Type I analysis methods, the influence
weights of different component shapes on the perception of "sturdy, technological,
and agile" were studied, and a visual dynamic design framework that meets the
requirements of AGV shape was constructed.

Based on the above research, design the shape of a pallet handling AGV
forklift. This design enhances the "solidity" of the shape through a low center of
gravity proportion, heavy lines, and block structure; Through smooth folding
transition design, integrated display screen, LED lights and other elements, the
"technological sense" of the shape has been enhanced; The combination of tilt and
deformation elements with rounded chamfers and surface transitions softens the
overall shape edges, enhancing the "flexibility" of the shape. Finally, the design of
the tray handling AGV forklift can fully reflect its visual imagery through
experimental verification.

This study applies the principle of visual dynamics to design the shape of a
pallet handling AGV forklift. Beneficial for enhancing the visual power and
optimizing the appearance of pallet handling AGV forklifts; It is beneficial for
enterprises to enhance the market attractiveness and brand recognition of their
products, and strengthen their competitive advantage. In addition, introducing the
theory of visual dynamics into the field of industrial vehicles not only enriches the
theoretical research content, but also broadens the research path of visual dynamics

theory in industrial vehicles.

Keywords: Visual Dynamics Theory; Agv Forklifts; Styling Design; Brand Image;

Visual Imagery
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1 Hsiao S.W, Chen C.H. A Semanticand Shape Grammar Based Approach for Product Design[J]. Design Studies,1997,
18(3):275.296.

(1 DR 7 AR g, B TR R R 7 G BT TR IERT U I]. WU AR 4 41,2004,40(4):164.167.
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E 4% T 55 7 (Visual Dynamics) HIRFFTLLEIE R « FTEHGAE (Rudolf Arnheim)
(R U5 OB 2R IR . HA B (2R SWM) 2l “BRah 7 Ma, HE
M e 5k 7). P SIE s R A Rl (S BAE) T MARI B2 £
JEEVBUE LB B R G5 PR R AR ). JE 4k (SR RSEsh 1) (R e S
o 3 AN ()R R 5 T A P A VR AL T R 2 TR R BRI SR S R T IR B A O
Ay O S EORERENE (8 1-3) .

SZHIRTE LR AUR A2 BE M @O E A KO A AR, 2
AREFNEE AR E 22, PR AL S aE 5 M5 B EH . KR REs e
ARG 2R T S KRR, BOARRITLEE S NAEREE RO TR 2 —.

=N~

il
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AU LR R

K 1-3 EAMILSES B AROCE AR (BRI 4%

5 AR Y ] JUAE O A T 2B g 35 2 AR 2 1) 1 — NI 1) Al m) DA SE 27 ) B i EL AR R R
T (E1-4) .

BiER - RS, EARSMMBEIM]. TUN N R H A, 1998.
Rl EiE R « [l B, o g ——a L E O E M. PN R R, 1998.
BiER - FTREE. ERE M3 7M]. o E S Tk AL, 2006.
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0l Xu Z, & Miller, J. Identifying semantic blocks in Web pages using Gestalt laws of grouping[J]. World Wide Web,2
016,19, 957-978.

(2l Chuang H.C, Tseng H, & Tang D. An eye tracking study of the application of gestalt theory in photography[J]. Jour
nal of Eye Movement Research,2023,16.

3] Khamis M.H, Azni Z.M, Abd Aziz S.H, & Aminordin A. The Integration of Gestalt Theory to The Graphic Design
[J]. International Journal of Academic Research in Business and Social Sciences,2023.
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[E S VIR AGV FOR KRB, WEOR E R 58 E R 8IHT C 22 A R
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— I

K 1-5 MM AGV & (B RSRIE: WZ)

B, Kyung Sup Kim 25\ (2003) PHEH T —ANrdrissd, HF&irBG 20
B AGV HHI AGV R4t W H, BEoR 7KL . BHo 1 Hsieh (2004)
PR T — RPN BIR B ECRAG R BT v, T2 3 AGY IR AGY R%0, SLBLT
TAE S tar P ARSI EE 8 e /Mb . Yang 2N (2022) ST APEGRETHEEG, SEHREEEE AGY
AN THEAT T . BRFEAMAT T AGY BEiH U 2 4tk . AL LR AME I, 6
RS, Yan 58N (20160 BERAIR A BN AN 738 (FMECA) % AGV 5%
ST T A 0T, RS TR AT (FTAD BEAL, DL D 4L A FIAT 25 B

U 0] 5K%. AGV BN AL BT[], Bit,2017(17):104-105.

(21 Kyung Sup Kim,Byung Do Chung,Moosung Jae. A design for a tandem AGVS with muti-load AGVs[J]. Int. J Adv
Manuf Technology,2003,22,744-752.

B1 Ho Y, & Hsieh P. A machine-to-loop assignment and layout design methodology for tandem AGV systems with mul
tiple-load vehicles[J]. International Journal of Production Research,2004,42,801-832.

4l Yang Yufan. An AGV Appearance Optimization Design Based On Humanized Design Theory[J]. International Confer
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Python 1R EL RS
import numpy as np

import pandas as pd

# SR
file path = 'D:/3 55 F4(5).xlsx'
Xn = pd.read_excel(file path, usecols="B:M", skiprows=1, nrows=14).values # ZH

Y =pd.read_excel(file_path, usecols="A", skiprows=1, nrows=14).values # %=L

# R
B =np.linalg.pinv(Xn.T @ Xn) @ Xn.T @Y
M=Xn @B

# 2R H KA
a=M][0] + M[1] + M[2]

b =M[3] + M[4] + M[5]

¢ = M[6] + M[7]

d = M[8] + M[9] + M[10] + M[11]

# EAN S

T =np.array([a, a,a, b, b, b, c,c,d, d, d, d])
T = T.reshape(-1, 1)

B1 =B -T/len(M)

print("B1:")

print(B1)

#1E L
L=Xn@B

print("L:")
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print(L)

# A5 N

YY =np.mean(Y)

N =np.sum((Y - YY) ** 2)
print("N:")

print(N)

# 5 O

O =np.sum((L-YY) **2)
print("O:")

print(O)

# 1 R
R2=0/N
print("R2:")
print(R2)

# RKHEZSI

P1=Xn[:, 0:3] @ B[0:3]

P2 =Xn[:, 3:6] @ B[3:6]

P3 =Xn[:, 6:8] @ B[6:8]

P4 =Xn[:, 8:12] @ B[8:12]

P =np.hstack((P1, P2, P3, P4,Y))

# EETE
X1 = np.mean(P, axis=0)

# FEFEARAELL
u = P.shape[1]
for t in range(u):

for 1 in range(P.shape[0]):
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P[i, t] = P[i, t] - X1[t]

print("P:")
print(P)

# THE YT AR R
S=PT@P

# FrRUEAC T ZE R
for t in range(u):
for w in range(u):

S[t, w] = S[t, w] / np.sqrt(S[t, t] * S[w, w])

# HHAOY I
S1 = np.linalg.pinv(S)

# 1HHE Q1

Q1 =np.zeros((1, Xn.shape[1]))

for t in range(Xn.shape[1]):
Q =-S1[t, u] / np.sqrt(S1[t, t] * S1[u, u])
QI[0, 1] =Q

print("Q1:")
print(Q1)
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	稳定、高续航、协调环境
	轻量化、结实


	3.3 AGV叉车品牌分析
	3.3.1 品牌
	3.3.2 国外AGV叉车品牌分析
	林德产品矩阵
	产品系列
	产品图片
	托盘搬运系列
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	RT系列
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	品牌意象样本1
	意向词汇
	-3 -2  -1  0  1  2 3
	轻薄的——结实的
	传统的——科技的
	呆板的——灵动的
	华丽的——简约的
	大众的——特别的
	保守的——先进的
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	0.99
	疏远的——亲和的
	0.96
	0.39
	2.33
	1.99
	1.85
	0.22
	0.05
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	类目
	示例
	视觉动力造型方式
	车身正面
	比例
	比例
	车身侧面
	形变
	大角度倾斜
	小角度倾斜
	无倾斜与形变
	底座
	形变
	无倾斜与形变
	楔形
	显示器位置
	位于机身
	\
	位于门架
	\
	门架
	形变
	比例
	楔形

	5.2.2 样本部件编码
	项目
	类目
	示例
	车身正面A
	A1
	A2
	车身侧面B
	B1
	B2
	B3
	B4
	底座C
	C1
	C2
	C3
	显示器位置D
	位于机身

	D1
	位于门架

	D2
	门架E
	E1
	E2
	E3
	无门架

	E4
	样本
	车身正面
	车身侧面
	车身底座
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	门架
	1
	A1
	B2
	C3
	D1
	E1
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	B1
	C2
	D1
	E2
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	A1
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	D1
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	4
	A2
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	D1
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	B4
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	12
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	E4
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	15
	A1
	B4
	C2
	D1
	E2
	16
	A1
	B2
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	D1
	E2
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	A1
	B2
	C3
	D1
	E3
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	E2
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	项目
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	编码
	正面形态
	长方形
	A1
	侧面形态
	大角度倾斜
	B2
	底座
	楔形
	C3
	显示器位置
	位于机身
	D1
	门架
	方形常规门架
	E1
	样本
	正面1
	正面2
	侧面1
	侧面2
	侧面3
	侧面4
	底座1
	底座2
	底座3
	显示器1
	显示器2
	门架1
	门架2
	门架3
	门架4
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	2
	1
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	3
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	4
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	5
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	6
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	7
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	8
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	9
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	10
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	11
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
	12
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	0
	13
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	14
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	15
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	16
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	17
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	18
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
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	车身正面(a1)
	0.71
	0.526
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	车身正面(a2)
	0.803
	车身侧面(B）
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	科技的——传统的
	项目
	类目
	标准系数
	偏相关系数
	复相关系数
	车身正面(A)
	车身正面(a1)
	0.719 
	0.353 
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	0.526 
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	0.57 
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	0.903 
	车身侧面(B）
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	底座(c3)
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	显示器位置(D)
	位置(d1)
	0.562 
	0.355 
	位置(d2)
	0.796 
	门架(E)
	门架(e1)
	0.584 
	0.858 
	门架(e2)
	0.466 
	门架(e3)
	0.160 
	门架(e4)
	0.432 
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