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Abstract

Due to the high level of abstraction in the chapters on linear spaces and linear transformations
within the linear algebra curriculum, students often find them difficult to understand, and a prom-
inent issue of separation between learning and application exists. To address this, this paper pro-
poses a project-based teaching reform scheme using “Computer Graphics” as a real-world applica-
tion context. It systematically and hierarchically maps abstract concepts such as vector spaces, lin-
ear transformations, matrix representations, and eigenvalues to specific tasks involving 2D image
processing and 3D model view transformation. This approach constructs a “phenomenon percep-
tion-mathematical modeling-programming implementation-application expansion” four-phase
learning cycle. Notably, through two progressive practical projects—“image rotation and scaling”
and “3D model view transformation”—students are genuinely guided from passive reception to ac-
tive inquiry, mastering mathematical principles spontaneously and thoroughly while solving prac-
tical engineering problems. Teaching practice results clearly demonstrate that this model helps en-
hance students’ geometric intuition, computational thinking, and knowledge transfer abilities,
thereby stimulating their learning interest. Consequently, it serves as a replicable and scalable par-
adigm for reforming fundamental mathematics courses within the context of New Engineering edu-
cation.
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import numpy as np

from PIL import Image

DOI: 10.12677/ve.2026.155201 4 BV #E R


https://doi.org/10.12677/ve.2026.155201

WS H

import matplotlib.pyplot as plt

def affine_transform(image, matrix):
Xf UG HEAT 7 8 AR e
image: PIL Image % %8t NumPy %4 .
matrix: 3x3 FF IR ALFRAZ A P .
M&[A]: ARG B ER (NumPy $4) .
# B FERIUR T
img_array = np.array(image)
h, w = img_array.shape[:2]
# A i L B AR AR (G AL FR)
X, ¥ = np.meshgrid(np.arange(w), np.arange(h))
ones = np.ones_like(x)
coords = np.stack([x, y, ones], axis=-1) # JEIR (h, w, 3)
# PSR, AT R R
inv_matrix = np.linalg.inv(matrix)
# R AL T DUEAT L B P afei
coords_flat = coords.reshape(-1, 3).T # JEAR (3, h*w)
src_coords = inv_matrix @ coords_flat # JZAR (3, h*w)
# F—A TR AR, BT 4E(E K X, y A447)
Src_x, src_y = src_coords[0, :]/ src_coords[2, :], src_coords[1, :] / src_coords[2, :]
src_x = src_x.reshape(h, w).clip(0, w-1)
src_y = src_y.reshape(h, w).clip(0, h-1)
# KA ANEAGHE (A A AL, A Sl A G 1 1)
src_x0 = np.floor(src_x).astype(int)
src_y0 = np.floor(src_y).astype(int)
# IR R G AR
src_x0 = np.clip(src_x0, 0, w-2)
src_y0 = np.clip(src_y0, 0, h-2)
# KPR R
if len(img_array.shape) == 3: # Z &4
transformed = img_array[src_yO0, src_x0, :]
else: # KE %
transformed = img_array[src_yO0, src_x0]
return transformed

# Bl GRS AL iR 30
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angle = np.radians(30)
€os_a, sin_a = np.cos(angle), np.sin(angle)
# ARG 5 R R AR R (GR AL FR)
R = np.array([[cos_a, -sin_a, 0],
[sin_a, cos_a, 0],
[0, 0, 111

#UH R B O R8RS ST RS R R
cX, ¢y =w/2, h/2
T1 =np.array([[1, O, -cx],

[0, 1, -cyl,

[0, 0, 1]1)
T2 =np.array([[1, O, cx],

[0, 1, cy],

[0, 0, 1]])
# HERWFEE: S PR RE S, el PR R
M=T2@R@T1
# PATAZ
result = affine_transform(img_array, M)
# WoRGIR
plt.subplot(1,2,1); plt.imshow(img_array); plt.title(' 5 ")
plt.subplot(1,2,2); plt.imshow(result); plt.title(‘se L2 Jie i 30 £ )5
plt.show()
HHHHEHEHE QR 28 R
ORI -

JRIRERB ZerPLER 301N

Figure 1. (Left): Original grayscale "Lena" test image; (Right): Result after applying the
above code to rotate the image 30 degrees about its center using bilinear interpolation
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